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ABSTRACT

DETECTION OF PROBIOTIC MICROORGANISMS USING RT-PCR,
AND ISOLATION, IDENTIFICATION, PROBIOTIC PROPERTIES OF
LACTOBACILLUS SPECIES FROM KEFIR

Hassan, Manal Sami El Sayed

Doctor of Philosophy, Biochemistry
Supervisor: Prof. Dr. G. Candan Giirakan Giiltekin
Co-Supervisor: Prof. Dr. Ayse Giil Gozen

September 2020, 258 pages

Kefir is a dairy product rich in probiotics. In this study, a SYBR green-based real-
time PCR (RT PCR) method was used for the detection of kefir probiotic strains.
This assay allowed species-specific detection of L. acidophilus, L. delbrueckii
subsp.bulgaricus, L. kefiri, L. kefiranofaciens, L. fermentum, L. plantarum, L.
amylovorus, L. casei, L. paracasei, Streptococcus thermophilus and Saccharomyces
cerevisiae. This method was performed using DNA isolated directly from five
different sources of kefir from Turkey and one milk product from Kyrgyzstan.
Results of amplification and melting curve from real time PCR assay showed that
L. kefiri, L. kefiranofaciens, L. casei, and L. paracasei were the dominant bacteria
in all kefir samples while L. acidophilus, L. delbrueckii subsp. bulgaricus, L.
fermentum, L. plantarum, L. amylovorus, Streptococcus thermophilus, and
Saccharomyces cerevisiae were detected in a few kefir samples. Based on
microscopic examination and biochemical tests, 30 of 100 bacterial isolates were
confirmed to belong to the genus Lactobacillus. It was also indicated that isolated

Lactobacillus species from kefir samples have potential probiotic properties.



In addition, identification studies for the isolates from the kefir samples were also
carried out. These isolates were identified by 16S rRNA sequencing BLAST
analysis and alignment. BLAST results showed that 19 isolates had more than 97%
similarity with Lactobacillus paracasei subsp. tolerans strain NBRC 15906, 5
isolates had more than 99% similarity with Lactobacillus gallinarum strain ATCC
33199, 2 isolates (k5-14 and k5-15) showed 99.21 and 98.71 % similarity of
Lactobacillus zeae respectively, and 2 isolates (K4-6a and K6-3a) displayed more
than 99.22 % similarity with Lactobacillus helveticus strain NBRC 15019. In
addition, 2 more isolates were also identified, K6-14 which was identical to
Lactobacillus rhamnosus strain NBRC 3425 with 99.45% similarity and K2-3
which showed 98.27 % similarity to Lactobacillus intestinalis strain TH4. Sequence
alignment using the Clustal omega program was useful for identification of some

isolates.

Keywords: Kefir, Lactobacillus, real-time PCR , L. kefiri, L. kefiranofaciens, L.
casel, L. paracasei, L. acidophilus, L. delbrueckii subsp.bulgaricus, L. fermentum,
L. plantarum, L. amylovorus, Streptococcus thermophilus, L. gallinarum, L. zeae,
L. helveticus, L. rhamnosus, L. intestinalis, Saccharomyces cerevisiae,

biochemical tests, 16 S rRNA sequencing analysis.
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KEFiRDE PROBIOTIC MIKROORGANIZMALARIN RT-PCR iLE
TESPITI VE LACTOBACILUS TURLERININ 1ZOLASYONU TANISI,
PROBIOTIC OZELLIKLERI

Hassan, Manal Sami El Sayed

Doktora, Biyokimya
Tez Yoneticisi: Prof. Dr. G. Candan Giirakan Gtiltekin
Ortak Tez Yoneticisi: Prof. Dr. Ayse Giil Gozen

Eyliil 2020, 258 sayfa

Kefir, probiyotik bakimindan zengin bir siit Uriiniidiir. Bu calismada kefir
probiyotik suslarmin saptanmasi i¢in SYBR green bazli gergek zamanli PZR
metodu kullanilmastir. Bu analiz, L.acidophilus, L.delbrueckii subsp. bulgaricus, L.
kefiri, L. kefiranofaciens, L. fermentum, L. plantarum, L. amylovorus, L. casei, L.
paracasei, Streptococcus thermophilus ve Saccharomyces cerevisiae tiirlerine 6zgii
tespite olanak saglamistir. Bu metot, Kirgizistan'daki bir siit {riiniinden ve
Tiirkiye'deki bes farkli kefir kaynagindan dogrudan izole edilen DNA'y1 kullanarak
gerceklestirilmistir. PZR testinden elde edilen amplifikasyon ve erime egrisi
sonuclari, tim kefir O6rneklerinde L. kefiri, L. kefiranofaciens, L. casei ve L.
paracasei'nin dominant bakteri olurken; L. acidophilus, L. delbrueckiisubsp.
bulgaricus, L. fermentum, L. plantarum, L. amylovorus, Streptococcus
thermophilus ve Saccharomyces cerevisiae’in birka¢ kefir Orneginde tespit
edildigini gostermektedir. Mikroskobik inceleme ve biyokimyasal testlere gore,
100 bakteriyel izolattan 30'unun Lactobacillus cinsine ait oldugu dogrulanmistir.
Kefir orneklerinden izole edilen Lactobacillus tiirlerinin potansiyel probiyotik

ozelliklere sahip oldugu da gosterilmistir.

vii



Ayrica, kefir orneklerinden elde edilen bu izolatlarin tanimlama ¢alismalari
yiriitilmistir. Bu izolatlar 16S rRNA sekanslama analizi ve hizalama ile
tamimlanmistir. BLAST sonuglari, 19 izolatin Lactobacillus paracasei subsp.
tolerans susu NBRC 15906 ile % 97'den fazla benzerlik gosterdigini, 5 izolatin
Lactobacillus gallinarum susu ATCC 33199 ile % 99'dan fazla benzerlik
gosterdigini, 2 izolatin (k5-14 ve k5-15) Lactobacillus zeae ile sirasiyla % 99.21 ve
% 98.71 benzerlik gosterdigini, ayrica 2 izolatin (K4-6a ve K6-3a) Lactobacillus
helveticus susu NBRC 15019 ile % 99.22'den fazla benzerlik gosterdigini ortaya
koymustur. Bununla birlikle, Lactobacillus rhamnosus susu NBRC 3425 ile
%99,45 benzerlik gosteren (K6-14) ve Lactobacillus intestinalis TH4 susu ile
%98,27 benzerlik gosteren K2-3 olmak iizere iki izolat daha tanimlanmistir. Clustal
omega programi ile karsilastirmali dizilim hizalama (sequence alignement), bazi

izolatlarin tanisinda yararli olmustur.

Anahtar Kelimeler: Kefir, Lactobacillus, ger¢ek zamanli PZR, L. kefiri, L.
kefiranofaciens, L. casei, L. paracasei, L. acidophilus, L. delbrueckii subsp.
bulgaricus, L. fermentum, L. plantarum, L. amylovorus, Streptococcus
thermophilus, L. gallinarum, L. zeae, L. helveticus, L. rhamnosus, L. intestinalis,
Saccharomyces cerevisiae, biyokimyasal testler, 16S rRNA sekans analizi.
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CHAPTER 1

INTRODUCTION

1.1 Kefir
1.1.1 Origin of Kefir

The name “Kefir” derived from Turkish source “keyif” means good pleasure. Kefir
beverage consumed in Southwest Asia, Russia and Eastern Europe (Gaware et al.,
2011). Wszolek et al (2006) has stated that, the common way of preparing kefir is an
inoculation of grains into the milk. The starter culture used to produce kefir is small,
gelatinous, yellowish, and irregularly shaped as explained by Witthuhn et al., 2005.

People living in the countries of the former Soviet Union have been using Kefir for
its health benefits for a long time. Health experts in those countries always
recommend the consumption of kefir. Prado et al (2015) underline many health
benefits related to the drinking of this fermented milk and these health benefits are
realted to the existence of metabolic substancesas organic acids and its microflora.
Hospitals in the former Soviet Union used Kefir to treat cancer, digestive disorders,

and even atherosclerosis and tuberculosis (Shavit, 2008).

1.1.2 Kefir Grains

During the preparation of kefir beverage, kefir grains use as fermentation starter by
incubation with the milk. Kefir grains have an irregular surface, smooth, viscous,
shiny and yellowish-white color as described by Magalhaes et al (2011) and Rattray
and O’Connel (2011). If wet kefir grains does not inoculate into fresh milk, will keep



activity for 8-10 days only, however, dried grains can keep their activity for about
12-18 months (O ’Brien, 2012).

Figure 1.1 Kefir grains (Otles and Cagindi, 2003)

Kefir grains represent a symbiotic relationship between lactobacilli and lactococci
bacteria, acetic bacteria and yeasts. A complex microbial population of kefir grains
consists of different species of bacteria and yeasts and also several species of
filamentous molds (Sarkar et al., 2008; Wang et al., 2008).

Kefiran is the main polysaccharide of Kefir grains that is a complex structure
containing equal amounts of glucose and galactose and is essentially generated by L.
kefiranofaciens. Moreover, Kefiran may be used as a supplement in fermented
products because it develops the viscosity properties of acidic milk gels. Also,
kefiran can activate the characteristic of skim milk which promote the viscosity of
Kefir milk (Prado et al., 2015). The milk of the most mammals as sheep, cow, and
goat can be fermented by kefir grains and each one has different nutritional qualities
and organoleptic properties. Kefir grains can ferment milk alternatives like coconut

milk, soy milk, and rice milk (Gaware et al., 2011).



1.1.3 Chemicals Composition of Kefir

Sarkar (2007) has indicated that Kefir contains 89-90% moisture, 6.0% sugar, 3.0%

protein, 0.7% ash, 0.2% lipid and 1% each of lactic acid with alcohol.

Puerari et al ( 2012) and Ahmed et al (2013) classified many secondary metabolites
during fermentation as flavor, taste, and aroma forming compounds synthesized such
as carbonyl substances (diacetyl, acetaldehyde, ethyl acetate, acetoin and ethanol),

volatile and non volatile organic acids.

Farnworth (2005) found that lactic acid was the maximal concentration organic acid
produced from lactose in milk. The quantities of ethanol and CO2 synthesized
depend on the conditions of production process. Depending on the species or strains
present in the milk, the amounts and kind of flavor compounds formed by these
strains vary and can affect the quality of the final beverage (Maurellio et al. 2001).

Acetone is a flavorless and odorless compound, it has a considerable effect on the
flavor of kefir (Aghlara et al, 2009). Acetone produces from lactose and citrate
metabolism and its formation depends on the strain. Some lactobacilli strains such as
L. helveticus and some streptococci cultures such as S. lactis can produce acetone in

low amounts (Beshkova et al., 2003).

Ethanol is synthesized from acetaldehyde, by alcohol dehydrogenase enzyme. Yeasts
are the most ethanol maker according to Guzel-Seydim et al (2000). Two kinds of
yeasts may be found in kefir: they are lactose and non lactose fermenting yeasts. The
fermented product prepared by using non-lactose fermenting yeast. It has a stronger
yeast flavor than the product obtained by lactose-fermenting yeast (Simova et al.,
2002; Beshkova et al. 2003).

Carbon dioxide is produced via alcoholic fermentation and it gives the slight
ebullition of kefir (Liu et al., 2002).



Acetic acid is a fatty acid that has been determined at low concentrations than 800
mg in kefir (Garrote et al., 2001). In spite of, Guzel-Seydim et al (2000) could not
find any acetic acid in kefir. Magalhaes et al (2011) detected low acetic acid ratios in

kefir milk without any effect on the organolepyic properties of the beverage.

Formation of acetic acid needs different amino acids; for example, S. diacetylactis
can make acetic acid from leucine, glycine, and alanine (Liu etal., 2002). Also,
acetate can be produced from pyruvate in the presence or absence of oxygen.
(Garrote et al., 2001).

Zubeyde et al., 2010 discussed the properties of kefir produced using different milk
samples and types of fermentation culture. They concluded that starter culture type

and storage duration affected the pH changes.

1.1.4 Health Benefits of Kefir

Kefir has many significant health benefits as physiological and therapeutic properties
due to a wide diversity of metabolic bioactive substances produced during
fermentation. The diversity of the microbial population also influences these health
care (Leite et al ., 2013). Kefir is known to contain enzymes, amino acids, mineral
(magnesium, phosphorus, calcium), and vitamins (B12, B2, A, D, K) (Gaware et al.,
2011).

* Heart health:
Kefir aids in caring the heart since it regulates the blood pressure and clears the
blood vessels. Drinking kefir helps to clean the blood vessels and the blood pressure

can be regulated (Gaware et al., 2011).



*Reduces the cholesterol levels:
Kefir aids in reducing high cholesterol levels. It is very beneficial for eleminating

many cardiovascular diseases like heart attack (Shavit, 2008).

* Digestion:
Kefir enhances digestion, prevents constipation, regulates the bowel movements and

cleaning the intestines.

* Brain-enhancement:
Kefir can develope the working of the brain and it is important for a healthy nervous
system. It helps to fight the stress. The minerals in Kefir also improve the focus and

the power of memory-retention of the brain (Gaware et al., 2011).

* Respiratory system:

Kefir plays an important part in the medication of asthma and bronchitis.

» Weight loss:
Kefir probiotics increase the body’s metabolism leading to weight loss.

Prevention against toxins:

Kefir can protect the human body from the toxic effects of radiation and other
harmful pollutants and can enhance the immune function.

» The Lactose Intolerance:

Ahmed et al. (2013) highlight that some of the kefir’s bacteria can break lactose
down, kefir aids people who has lactase enzyme deficiency to digest lactose

products.



* A Healthier Immune System:

Probiotics of kefir have stimulatory reactions on the immune system by increasing
T-lymphocyte numbers and improving phagocytosis. Kefir produces bioactive
peptides in the fermentation process which have an indirect effect on the immune
system as mentioned by Shavit (2008).

« Antibiotic and antifungal properties:

Prado et al. (2015) overviewed that kefir has certain antifungal compounds that treat
yeast infections like candidiasis and eczema. Moreover, Kefir microorganisms
synthesize lactic acid, bactericides and antibiotics that help to Kill pathogenic
bacteria such as Helicobacter, Salmonella, Shigella, Escherichia coli,
Staphylococcu, Micrococcus luteus, Bacillus subtilis, Streptococcus pyrogens, and
Listeria monocytogenes.

«Anti-cancer agent:

Many studies summarized by Shavit (2008) have demonstrated that kefir has
conservative effects against some types of cancer and reduce the size of tumors by
inhibiting the growth of bacteria in the digestive system that convert procarcinogens

into carcinogens.

*Anti-Diabetic:
Kefir has an important role in diabetics as it decreases the glucose concentration and

control the regular sugar level in the blood (Shavit, 2008).

* Anti-inflammatory:
Kefir is useful in treating several disorders like gastritis, pancreatitis and other

inflammatory diseases (Prado et al., 2015).



*Wound healing properties:
Hassan et al (2012) discussed that acetic acid, lactic acid, sugar compounds and
other chemical compounds found in kefir were important factors for wound healing

properties.

1.2 Lactic Acid Bacteria (LAB)

1.2.1 Taxonomical Classification of Lactic Acid Bacteria:

(LAB) include various bacterial species within the phylum fumicutes. The genera
Lactococcus, Lactosphera, Leuconostoc, Lactobacillus, Milissococcus, Oenococcus,
Pediococcus, Streptococcus, Enterococcus, Weissella and Vagococcus are identified
as lactic acid bacteria (Tadesse et al., 2005). Only few of them are dairy related.
They are Enterococcus, Lactococcus, Streptococcus, Pediococcus, Leuconostoc and
Lactobabillus (Axelsson, 1998)

Taxonomical classification of LAB depends on sequencing analysis for 16S
ribosomal RNA (rRNA). It has detected that some classification created based on
phenotypical characterization do not match with the phylogenetic relations.
Molecular assays, mainly polymerase chain reaction (PCR) based techniques such as
rep-PCR finger printing and pulse-field gel electrophoresis are remarked useful for
probiotic strain differentiation, identification and discrimination (Gevers et al., 2001;
Holzapfel et al., 2001).

Species-specific (real time PCR) was developed by Monigue and Jan (2006) to
detect and quantify different Lactobacillus species such as L. casei, L. delbrueckii, L.
rhamnosus, L. plantarum, L. reuteri, L. acidophilus, L. fermentum and L. paracasei

in breast-fed infants.



1.2.2 Description of Lactic Acid Bacteria

The LAB are common and prevalent in nature, rich in carbohydrates and contain
protein breakdown products, vitamins, essential enzymes, antibacterial peptides,
hydrogen peroxide and aromatic compounds, all of which contribute to probiotic
properties (Leroy and de Vuyst, 2004). The LAB play a significant role in food
fermentation that affects acidity, texture, and flavor of the end products in addition

to many benefits on human health (Sun, 2010).

The LAB consist of a great group of rod, gram positive, catalase negative and
aerotolerant bacteria. These bacteria yield lactic acid as the basic end products in

sugar fermentation.
Regarding carbohydrate metabolism, they are classified into 2 major groups:
1. Homofermentative LAB

Glvcolvsis

Glucose L Pvruwate

ILactate dehwvdrogenase

2 Pvruvate 2 Lactc acid

2. Heterofermentative LAB

Acetaldehvde +NADH+H™ ———» Ethanol+ NAD

Glucose # Lactic acid + Ethanol + Carbon dioxide

Wessels et al (2004) reviewed the power of LAB to produce the chemicals
substances of respiratory chains as cytochromes and porphyrins. Lactic acid bacteria

can gain ATP only by sugar fermentation. They can survive under anaerobic



conditions easily, but also they can survive in the presence of oxygen by producing

peroxidases.

1.2.3 Lactic Acid Bacteria Benefiting Health

LAB are considered a major class of probiotic bacteria (Collins et al.,1998;
Schrezenmeir and de Vrese, 2001). Fuller (1989) defined the probiotic word as “a
live microbial feed supplement which beneficially affects the host animal by
improving its intestinal microbial action”. Also, Salminen et al (1999) suggested that

probiotics are microrganisms that have a helpful effect on human health.

Many lactobacilli, lactococci and bifidobacteria are probiotic bacteria (Rolfe, 2000;
Tuohy et al., 2003). LAB have a significant part in prolongation the storage life and
improving the safety of basic food products by producing bacteriocins that inhibit
foodborne pathogens and spoilage microorganisms. They also have a beneficial
effect on nutritional and sensory characteristics (Ravi et al., 2011).

LAB applied in probiotic construction, are obtained from the gastrointestinal tract
and they are tested and identified with a history of safe use and non-pathogenic or
antibiotic resistance (Stolarczyk, 2002). The capability of lactic acid bacteria to form
lactic acid from lactose, it contributes to the effective treating of lactose intolerance.
People are unable to digest lactose in milk due to the absence or dysfunction of the

essential enzyme systems.

Besides, Jack (1995) investigated that LAB reduce the pH of the intestinal medium
which eliminate the growth and survival of some organisms normally requiring high
pH for their growth. Some LAB produce substances with a bacteriostatic effect such
as HyO, and bacteriocins thus preventing the development of pathogenic

microorganisms as E.coli.



LAB represent an whole part of the gastrointestinal environment (Fernandes et al.,
1987). The metabolism of probiotics depends on the fermentation mechanism. As
well as other gut microflora, LAB ferments different types of substrateas lactose
(Gibson and Fuller, 2000). Intestinal LAB have a beneficial function in the
metabolism and detoxification of harmful components entering the body by

producing antioxidants and bacteriocins (Salminen, 1990).

Grangette et al (2001) and Cross (2002) found that LAB control intestinal disorders
due to antibodies that enhance the immune response. LAB can eliminate harmful
bacteria from adhesion to the intestinal epithelial cells or by secretion of

antimicrobial compounds such as bacteriocins and some organic acids (Reid, 2001).

Boris et al (1998) explained vaginal LAB strains are capable of attaching or self-
aggregating with pathogen by surface proteins or lipoproteins. Both may help to the

ejection of pathogens from the vaginal mucous membrane.

1.3 Isolation and Identification of Lactic Acid Bacteria

LAB applied as starter substances in the food industry, and their dietary needs are
very complicated. Hence, their predominant environments of being rich in sugars,
having amino acids, vitamins and living in environments with week oxygen, their
frequency in milk products create health benefits for the consumer and enhance the
flavor, texture and the nutritional quality of the food products (Stiles and Holzapfel,
1997).

The current study deals with the isolation, studying probiotic properities and

identification of lactobacilli from dairy products and kefir samples collected from

different sources in Turkey and Kyrgyzstan. For identification species of bacteria,
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both genotypic and phenotypic techniques were utilized to get accurate

identifications.
1.3.1 Phenotypic Identification

Even if genetic identification methods are time saving and give very accurate results,
phenotypic identification methods are very helpful especially in the differentiation at

the genus level and decrease the number of isolates for genetic identification.

To detemine LAB, phenotypic techniques, which incorporate morphological

examinations and physiological and biochemical tests are generally applied.

1.3.1.1 Morphological Methods

Microscopic investigation is the initial criterion that provides data about the genus
level and clarity of lactic acid bacteria. There are several staining tests to distinguish
the bacterial cells as simple staining, endospore staining, capsule staining, acid fast
staining and gram staining. The useful method for Lactobacillus identification is the
Gram staining. According to Gram staining reaction, bacteria can be divided into
Gram-positive and Gram-negative organisms. The LAB join to the Gram-positive,
rod shape group. Round cells are named cocci, elongated rod cells are named bacilli
and intermediry shape between cocci and bacilli are named cocobacilli (Garvie,
1984).

1.3.1.2 Physiological and Biochemical Tests

The rule of classification includes physiological and biochemical tests (Stiles and
Holzapfel, 1997). LAB were known as catalase negative and cannot arrange the
degradation of H,O, to water and oxygen The absence of catalase activity is

demonstrated by the absence of O, production when cells are added to a drop of
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diluted H,0,. This examination is one of the most helpful tests for the identification
of LAB.

Examination of growth ability at several temperatures is beneficial for the
recognition of LAB and other species. The optimal temperature for growth changes
between genera from 15°C to 45° C.

The pH tolerance test is another test to characterize probiotic LAB, which are
tolerant of the gastrointestinal medium, capable of adhering to the intestinal tissues,
and compete with gastric pathogens. The ideal pH for lactic acid production differs
between 5.0 and 7.0. Their ability to tolerate low acidic conditions gives them an

advantage over other bacteria (Wood and Holzapfel, 1995).

Lactobacillus must have the proficiency to resist bile salts to survive through the
intestinal tract and provide their therapeutic effect in the intestine of the host.
Therefore, LAB strains need to be tolerant to low acidic environment and digestive
enzymes. Also they could be able to grow when the concentration of bile salt is 0.3%
(Whv).

Some Lactobacillus species can tolerate 6.5 % NaCl concentration. NaCl inhibits the

growth and survival of some bacteria (Hoque et al., 2010)

Lactose utilization is one of the biochemical tests that is helpful to narrow the
isolates number for the next biochemical tests and genetic identification
(Klaenhammer and de Vos, 2011). The fermentation of lactose is called glycolysis or
glycolytic pathway. Obligatory homo-fermentative LAB, that ferment lactose into
lactic acid. The formation of lactic acid causes changes in the color of the phenol red

indicator.
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Generally, LAB can be defined as a facultative anaerobe that produces lactic acid as
the basic final product from the fermentation of sugars. So, the structure of the final

product is very essential for the discrimination of Lactobacillus species.

Hoier, (1992) and Suskovic et al (1997) demonstrated that phenols have a
bacteriostatic property and are one of the toxic metabolites produced during the
digestion process. They are produced from some aromatic amino acids of nutritional
compounds and proteins that undergo deamination by gut bacteria. So, the ability of

Lactobacillus to tolerate phenol is one of the vital properties for probiotic LAB.

LAB have many technological properties. Proteolytic activity is one of these
properties and a very useful characteristic for lactic acid bacteria. Proteases are the
enzymes that hydrolyze proteins and catalyze peptide synthesis (Ishtiaqg Ahmed et al.
2010)

Casein— peptone— peptides— amino acids

LAB are known by their potent need for basic growth factors as some peptides and
amino acids. However, there are not sufficient amounts of amino acids and peptides
in milk to help the growth of bacteria (Abu-Tarboush, 1996). Therefore, these
microorganisms perform their proteolytic analysis, to digest casein as nitrogen

source.

The reactions of proteolysis in milk improve the structure, nutritional quality of
these products (El-Fattah, 2013). It has been discussed that proteolysis has
significant effect in flavor and texture enhancing by the breakdown of proteins
(Avila et al., 2005).

13



1.3.2 Genotypic ldentification

Traditional microbiological examinations for phenotypical descriptions are
considered inappropriate as they have restrictions in differentiating great numbers of
isolates with identical physiological descriptions. Various DNA-based methods have
been used to solve this problem (Mohania et al., 2008). Genetic assays performed
alone or in association with each other for determination of LAB provide more
accurate results in 16S rRNA gene sequencing and species-specific PCR (Rosseti
and Giraffa, 2005).

1.3.2.1 The 16S rRNA Gene Sequencing

Ribosomes have minor subunit (30S) and major subunit (50S) in prokaryotes. The
minor subunit has 16S rRNA while the major subunit has two RNA molecules (23S
and 5S) rRNA. Completely or partially sequencing of the 16S rRNA gene is
commonly applied for the determination of LAB. Ribosomes consist of proteins
combined with rRNAs. This gene is approximately 1500 base pairs (bp) long. It
makes 16S rRNA sequencing assay is fast and cheap (Mizrahi-Man et al., 2013).
(Sacchi et al., 2002) demonstrated that even if sequencing of the whole gene is
occasionally necessary, partially sequencing of variable regions is mostly common

for identification.

1.3.2.2 BLAST Analysis

BLAST represents for Basic Local Alignment Search Tool, presented by the
(NCBI), aligns request sequences versus those found in a chosen target databank. It

can be obtained from (NCBI) BLAST website (http://blast.ncbi.nlm.nih.gov). The
BLAST analyses were achieved for aligned sequences of each DNA.
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In conclusion, phenotypic methods should be applied with genotypic techniques for
precise identification. For limiting the number of isolates and rapid identification of
bacteria in kefir. The phenotypic methods such as catalase test, Gram staining, acid
and bile salt tolerance, temperature, phenol test, proteolytic activity, and
carbohydrates fermentation patterns can be employed for genus identification,
following by a genotypic examinations as partially or completely (16S rRNA)
sequencing. Multiple sequence alignments can perform with the Clustal Omega

program submitted by The European Bioinformatics Institute.

1.4. Detection of Probiotic Bacteria in Kefir Using Real-Time PCR

1.4.1 Real-time PCR (Species-Specific PCR)

The real-time PCR method was performed because of its higher specificity and
accuracy in the quantitative analysis (Higuchi et al., 1993). The real-time PCR
method is faster to perform and contains fewer steps limiting cross-contamination
than competitive PCR. In real-time PCR, dye molecules of fluorescent reporters
attached to primers or double-stranded DNA binding dyes to hybridize with PCR

products during the process of amplification.

The alteration in fluorescence throughout the PCR is determined by a device that
integrates thermal cycling with dye. There is a relationship between the amount of
initial DNA and the amount of PCR product at each cycle. (Lipsky et al., 2001;
Bonfini et al., 2007). The small diversity in gene expression between samples can be
detected by real time PCR (Wong and Medrano, 2005). In microbial studies, the
real-time PCR technique is frequently used to detect abundance of bacterial groups
or even a specific species in a bacterial community. Also, real time PCR used for
detection microbial population in Kefir and milk samples as shown in Table 1.1
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Real time PCR analyses were done to detect the different populations in kefir
samples and SYBR Green | method was used. In that, the amount of fluorescence
signals increases after certain PCR cycle and this cycle is named as “threshold
cycle” or “Ct” value. To set the Ct values, the baseline needs to be adjust by the
device’s software. To determine the threshold level, the amplification curves are

presented in logarithmic mode (Ahmed et al., 2017).

Melting curve reaction is an estimation of dissociation mechanism of dsSDNA during
the increasing in temperature, draws the change in the fluorescence detected when
double stranded DNA with integrated dye molecules separates into single-stranded
DNA. The temperature that half of DNA is denatured, pointed to the melting

temperature (Tm).

Table 1.1 Detection of lactic acid bacteria and yeast of kefir, kefir grains and dairy
product using real time PCR.

Target Source References
Lactobacillus/Lactococcus spp., Kefir Grain and KimD. Hetal.,,
Lactic acid bacteria, Fermented 20154

Acetic acid bacteria, Kefir Milk

Enterococcus spp.,
Streptococcus spp.,
Candida spp

Saccharomyces spp

L. kefiranofaciens Kefir Grain and KimD. H etal.
Kefir Milk 2015b

L. kefiri kefir milk Kim D.Hetal., 2016

L. helveticus Dairy products Moser A. et al., 2017
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L. acidophilus Taiwan dairy products Kao Y. T.etal., 2007
L. delbreuckii
L. casei

L. acidophilus, L. brevis,
L. delbrueckii subsp. bulgaricus, yoghurt Herbel R.S. et al.,
L. helveticus, L. reuteri 2013

1.4.2. SYBR Green | method

SYBR Green dye presents a simple and credible assay in real-time PCR. It binds to
(dsDNA) and the strength of the fluorescent increases at each step of the real time
PCR (Howell et al.,1999). However, SYPR green may detect any dsDNA as non-
specific amplicons or primer dimers.

In this technique, melting analysis are performed to ensure the accurately of the real
time PCR using SYBR Green dye. By increasing the temperature, the DNA product
dissociates into a SUDNA that causes the release of SYBR Green lowering the
fluorescent signal. Melting plots are determined as the relation between fluorescence
emission against the temperature. A peak formation can be used for recognition of

specific amplicon in the melting curve (Querci et al., 2010).
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Figure 1.2 SYBR Green | real-time PCR assay (applied biosystems)

1.5 Microbiota of Kefir

Kefir grains consist of many microbial compositions like yeasts, lactic acid bacteria
(LAB) and acetic acid bacteria. These microbial species are categorized into 4
groups: heterofermentative LAB, homofermentative LAB, non-lactose, and lactose

assimilating yeasts (Prado et al., 2015).

Homofermentative LAB including L. kefiranofaciens, L. delbrueckii ssp. bulgaricus,
L. paracasei ssp. paracasei, L. acidophilus and L. plantarum are predominant
species. However, these species are detected at 20% level of total Lactobacillus in
the final kefir product while the rest is the L. kefiri (Zanirati et al., 2015),
heterofermentative LAB, combining L. parakefiri, L. kefiri, L. brevis and L.
fermentum and strains of L. lactis (Leite et al., 2012; Leite et al ., 2013).

The mixture of lactococci, lactobacilli, yeasts and acetic acid bacteria are adhere
together by a protein-polysaccharide matrix (Antoniou and Dimitreli, 2008). Garrote
et al (2001), Simova et al (2002), Zhou et al (2009) and Miguel et al., (2010)
discussed that the predominate lactobacilli detected from kefir grains were L.
kefirgranum, L. kefiranofaciens, L. parakefiri, L. Kkefiri, L. delbrueckii, L.
acidophilus, L. brevis, L. casei, L. paracasei, L. plantarum, L. fermentum, L.
helveticus .

Magalhdes et al (2011) and Rattray and O’Connel (2011) outlined that LAB is
primarily responsible for lactose production from lactic acid present in kefir
beverage, which decreases pH and preserves milk. The other microbial population in

kefir includes lactose fermenting yeasts that form ethanol with carbon dioxide. Also,
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acetic acid bacteria and non lactose fermenting yeast have a role in the fermentation

process.

Furthermore, over 23 different yeast species have been detected from grains of kefir
and many fermented products of various regions. However, S. unisporus, Candida
kefyr and S. cerevisiae are the predominant microrganisms (Witthuhn et al., 2004;
Zanirati et al., 2015).

The grains swell in about 5.0 -7.0 % of their mass after fermentation process. The
ratio of microorganisms in the grains varies in the final product during their growth
in milk. There are different conditions for fermentation processes such as type of
milk, fermentation temperature, fermentation time, grain and inoculum proportion
and the distribution of microorganisms explained by (Rattray and O’Connel, 2011;
Ray and Montet, 2017).

Gao et al (2012) and Altay et al (2013) conclude that the microbial population differs
depends on the substrate, origin of kefir and the methods of culturing. Taiwan kefir,
Russian kefir, Irish kefir and Turkish kefir composition varies from that of Tibetan
kefir.

Yeasts and lactococci are present in the exterior layer of the kefir grain. However,
more yeasts cells were found in the interior layer and the number of lactobacilli was
much higher (Prado et al., 2015), then hypothesis proposed about grain formation
mechanismis that S. turicensis and L. kefiranofaciens aggregate to small granules
and L. kefiri and Kluyveromyces marxianus attach to the surface of these granules to
form thin biofilms. Then the yeasts and Lactobacillus associate with the biofilm to
form the kefir grains (Wang et al., 2012; Hamet et al., 2013). The survival of
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microorganisms in kefir grains affects by the existence of each other, due to the

symbiotic relationship between strains. (Farnworth and Mainville, 2008).

The microbial composition of kefir grains and kefir milk consists of several species
of lactic acid bacteria, acetic acid bacteria and yeasts which promote a beneficial
symbiotic relationship within a microbial environment (Farnworth, 2005). In
addition to the variety of these microbial species is specified by the area of origin
(Lin et al., 1999). Microbial population of Kefir grains and beverages from different

origins can shown in Table 1.2

1.5.1 Lactobacillus casei

L. casei, L. paracasei, and L. rhamnosus are closely related together, they are
regarded as the L. casei group. Phylogenetic tree of these isolates shows in Figure
1.3. These strains have very homogeneous physiological characteristics and
nutritional needs and survive under the same conditions. L. casei is rod, gram
positive and facultatively heterofermentative (Salvetti et al., 2012). It is used in
fermented dairy products as probiotics to enhance human health (Reid, 2015;
Orlando et al., 2016). On the other hand, L. casei subsp. pseudoplantarum is one of

the beneficial certified probiotics to treat the gastrointestinal diseases.

(Collins et al. 1989) demonstrated that according to 16S rRNA gene sequences many
subspecies recognized as L. casei were reclassified to other species. L. casei subsp.
alactosus and L. casei subsp. pseudoplantarum were renamed L. paracasei subsp.
paracasei, and L. casei subsp. tolerans was reassigned to L. paracasei subsp.

tolerans.

1.5.2 Lactobacillus paracaei
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L. paracasei is rod-shaped, facultatively heterofermentative, and belongs to the
phylogenetic group L. casei. It can grow between 10°C and 40°C but many strains
can grow between 5°C and 45°C (Holzapfel and Wood, 2014). L. paracasei can be
grow in the digestive tract of humans and in the fermented milk products. The
metabolic end products during the growth from these energy sources are actually

lactic acid, but ethanol, acetic acid also occur (Makras et al., 2005).

L. paracasei can produce substances with antioxidant activity, it can degrade
superoxide anion and hydrogen peroxide. Also it has the ability to prevent free
radicles (Ayeni et al., 2011).

The L. casei group

1oof L- casei ATCC 383 (2.9 Mb)
L. casei (zeae) KCTC 3804 (draft)

1 L. rhamnosus ATCC 53103 (3.0 Mb)

L. rhamnosus ATCC 21052 (draft)
L. rhamnosus LMS2-1 (draft)

L. rhamnosus ATCC 8530 (3.0 Mb)

L. rhamnosus HNOO1 (draft)
L. rhamnosus Lc 705 (3.0 Mb)

L. paracasei ATCC 334 (2.9 Mb)

L. paracasei BL23 (3.1 Mb)

L. paracasei Zhang (2.9 Mb)

L. paracasei LC2W (3.0 Mb)
5y | . paracasei BD-Il (3.1 Mb)
L. paracasei 8700:2 (draft)
L. paracasei JCM 8130 (3.0 Mb)
L. paracasei COMO101 (draft) =
— L. sakeizak(19Mb) T T

L. delbrueckii ATCC 11842 (1.9 Mb)

L. helveticus DPC 4571 (2.1 Mb)

%0 |: L. acidophilus NCFM (2.0 Mb)
L. gasseri ATCC 33323 (1.9 Mb)
%00 [ L. johnsonii NCC 533 (2.0 Mb)
L. fermentum IFO 3956 (2.1 Mb)
L. reuteri JCM 1112 (2.0 Mb)

e L. brevis ATCC 367 (2.3 Mb)
L. plantarum WCFS1 (3.3 Mb)

L. salivarius UCC118 (1.8 Mb)
Lactococcus lactis 111403 (2.4 Mb)
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Figure 1.3 Genome-based phylogenetic analysis of the L. casei group (Toh H. et al.,

2013).

Table 1.2 Microbial population of kefir grains and beverages from different origins.

Source Country Species isolated and identified References
Kefir grains  Argentina L. kefiranofaciens, L. plantarum, L. lactis ssp.  Garrote et
and milk lactis, Kluyveromyces marxianus, al., 2001;
S. cerevisiae, L. kefiri, Acetobacter sp., Hamet et
L. parakefiri, L. paracasei al., 2013
Kefir grains  Belgium L. kefiri, Lactococcus  lactis, L. Korsak et
and milk kefiranofaciens, Lactococcus lactis ssp. al., 2015
cremoris, Kluyveromyces marxianus,
Kazachastania khefir
Kefir grains  Bulgaria L. brevis, L. helveticus, L. casei ssp. pseudo Simova et
and milk plantarum, L. delbrueckii ssp. bulgaricus, Str. al., 2002
thermophilus, S. cerevisiae,
L. lactis
Kefir grains  Brazil L. kefiri, Lactococcus lactis, L. paracasei, Leite et al.,
L. helveticus, L. crispatus, L. kefiranofaciens, 2012;
S. cerevisiae, Leuconostoc sp., Streptococcus  Zanirati et
sp., Acetobacter sp., Bifidobacterium sp., al., 2015
L. amylovorus, L. parakefiri
Kefir milk Brazil L. paracasei, L.casei, L. kefiri, Lactococcus Magalhaes
lactis, Kluyveromyces lactis, etal., 2011

L. parabuchneri kazachstania aerobia,

S. cerevisiae, Lachancea meyersii
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Kefir grains  Taiwan L. kefiranofaciens, L. kefiri, Leuconostoc Chenetal.,
mesenteroides, Saccharomyces turicensis, 2008; Wang
Lactococcus lactis etal., 2012

Table 1.2 Microbial population of kefir grains and beverages from different origins.

(continued)

Source  Country Species isolated and identified Reference
Kefir Russia L. paracasei, L. casei, L. kefirii L. Kotovaetal,
grains kefiranofaciens, S .cerevisiae, L. lactis ssp. 2016
cermorisllactis
Kefir Italy Bacillus sp., L. kefiranofaciens, Lactococcus Garofalo et al.,
grains lactis, Enterococcus sp., S. thermophilus 2015
Kefir South Lactococcus lactis, L. brevis, L. delbrueckii Witthuhn et
grains Africa ssp. bulgaricus, L. plantarum, L. helveticus al., 2004, 2005
Kefir Turkey L. helveticus, L. kefiranofaciens, Kok-Tas et al.,
grains L. acidophilus, L. helveticus, L. amylovorus, 2012;
L. gallinarum, Streptococcus thermophilus, Nalbantoglu et
Kluyveromyces marxianus al., 2014
Kefir Turkey Lactococcus lactis, Lactococcus cremoris, Yiiksekdag et
milk Streptococcus thermophilus, S. durans al., 2004
Kefir Turkey Leuconostoc ~ mesenteroides, L. kefiri, Guzel-Seydim
milk Lactococcus lactis, L. acidophilus, etal., 2005;
and Streptococcus thermophilus, L. kefiranofaciens  Kesmen and
grains Kacmaz, 2011
Kefir Turkey Leuconostoc mesenteroides, L. brevis, L. Merih K. and
milk plantarum, S. cerevisiae, L. paracasei, Evrim Y.,
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Lactococcus lactis, Kluyveromyces marxianus 2015

1.5.3 Lactobacillus plantarum

L. plantarum is one of the investigated probiotic microorganism used in the food
industry (Sudhanshu et al., 2018). It is straight rods, found singly, paired or in
chains, facultatively heterofermentative, grow at 15°C but not at 45°C and non-
motile (Holzapfel and Wood, 2014). L. plantarum present in most of the foods that
are lactic acid fermented and also found in the digestive tract of humans (Molin,
2008). L. plantarum can survive in the acidic stomach in humans at pH less than 4.0,
so it is highly tolerant to low pH. L. plantarum can ferment many carbohydrates
indicate that it can adapt to different environments. The microorganism can convert
tannins into flavonoids and phenolic acids which has useful antioxidant properties
(Molin, 2008).

L. plantarum can not synthesize certain vitamins and amino acids that are important
for their growth. A study by Ma et al. (2016) demonstrated that L. plantarum needs
six amino acids to ferment the milk. Besides, mineral salts had a stimulating effect
on growth but were not essential. Since L. plantarum is vitamin auxotroph, it

requires vitamins for growth from the milk (Ma et al., 2016).

1.5.4 Lactobacillus acidophilus

L. acidophilus is one of the most suggested probiotic organisms for dietary use
(Shah, 2007). It is a gram positive, rod shape, non flagellated, non motile
microorganism and intolerant to salt. Moreover, It is an anaerobic microorganism

and contains mainly homofermentative lactobacilli, but some are facultative
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heterofermentative  (Hutkins, 2006). L. acidophilusis distributed in the
gastrointestinal and perform an important function of the indigenous microflora of
human. It helps in absorption of nutrients and digestion process. Also it aids treating

lactose intolerance caused due to the deficiency of lactase enzyme.

1.5.5 Lactobacillus intestinalis

L. intestinalis is non spore forming rods, gram-positive bacteria and facultatively
anaerobic rods. It has low G+C contents which is a factor that can differentiate this

species from other homofermentative species (Fujisawa et al., 1990).

Lauer et al. (1980) found that L. intestinalis strain CNRZ 219 had a DNA homology

group which did not show high similarity with any strain of L. acidophilus group.

1.5.6 Streptococcus thermophilus

Streptococcus thermophilus used in food fermentations. It has been used with L.
delbrueckii subsp bulgaricus to make yogurt for long time. Moreover, S.
thermophilus has also been applied in different industrial products such as fermented
milk products and cheese. It helps to accelerate the acidification rate and enhance the
flavor and texture quality of these dairy products. In addition to, S. thermophilus has
different probiotic effects such as antioxidant activities and inhibition of specific
pathogens (Adolfsson et al., 2004; lyer et al., 2010).

1.5.7 Saccharomyces cerevisiae

Pilar et al (2018) proposed that many Saccharomyces yeast species have strains with

probiotic potential. Also meire et al (2017) reported that S. cerevisiae has the ability
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to digest nutrients, antagonism to pathogen, anti-oxidant effect, adhesion to

epithelial cells.

S. cerevisiae is the most lactose-negative strain of the kefir yeast isolates. It
promotes an alcoholic aroma along with a refreshing taste and improves the sensory
qualities of the kefir beverage (O’Brien, 2012).

1.5.8 Lactobacillus helveticus

L. helveticus is a significant industrial organism and is mostly used in the
fermentation of milk for manufacturing different kinds of cheese. Various studies
found that L. helveticus has many probiotic characteristics such as the capability to
adhere to the epithelial cells, survive gastrointestinal passage and inhibit pathogens.
Also, L. helveticus could benefit the host by promoting the bioavailability of
nutrients, eliminating allergens and other unuseful molecules from food and

producing bioactive compounds (Valentina and Simone, 2012).

L. helveticus is a member of the L. acidophilus subgroup. It is hardly recognizable
by physiological tests and biochemical tests from other closely related
homofermentative lactobacilli such as L. amylovorus, L. crispatus, L. acidophilus, L.
gasseri, L. johnsonii and L. gallinarum (Holzapfel and Wood, 1998). The

Phylogenetic tree between these Lactobacillus species can shown in Figure 1.4.

1.5.9 Lactobacillus gallinarum

L. gallinarum is a rod-shaped microorganism, obligate homofermentative and it is
tolerant to 4.0% sodium chloride. It is mainly found in dairy and non-dairy products
with L. helveticus (Guan et al., 2003; Meroth et al., 2004; Moroni et al., 2011).

L. gallinarum, L. acidophilus, L. johnsonii, L. crispatus, L. amylovorus and L.
gasseri are suggested as proper species in the L. acidophilus complex group (Klein
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et al., 1998). L. gallinarum is not a significant species from a technological view and
its potential existence in dairy products was considered (Van Hoorde et al., 2008;
Bujnakova et al., 2012). Identification of L. gallinarum may become essential in the

future, because of its antimicrobial properties.

o8r L. gallinarum [AJ417737]

L. helveticus [AM113779]

L. ultunensis [AY253660]

L. crispatus [AF257097]

L. kefiranofaciens [AM113782]
L. acidophilus [AY773947]

L. amylovorus [AY944408]

79% L. kitasatonis [AB107638]

L. amylolyticus [Y17361]

L. kalixensis [AY253657]

L. intestinalis [AJ306299]

L. acetotolerans [M58801]

64 L. delbrueckii [CR954253]
L. fornicalis [Y18654]

28 100L— 1. jensenii [AF243176]

L. iners [Y16329]

o5 96 L. taiwanensis [EU487512]
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Bacillus subtilis [AJ276351]

Figure 1.4 Phylogenetic placement of L. acidophilus subgroup with in the
Lactobacillus genus (Matthew B, 2013).
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1.5.10 Lactobacillus kefiri

L. kefiri is a Lactobacillus strain, it has some antibiotic resistence, safe for human

consumption and has anti-inflammatory properties (Drago et al., 2016).

(Kandler and Kunath, 1983) discussed several useful effects including toxin
neutralization, antimicrobial activity, suppression of food borne pathogens,
modulation of the immune response and elimination of hyper cholesterolemia have
been detected by L. kefiri.

1.5.11 Lactobacillus kefiranofaciens

L. kefiranofaciens is one of the most extensively investigated species among kefir
microbiota because of its functional properties and beneficial health effects as
antitumor and anti-inflammatory activity (Ahmed et al., 2013; Chen 2012 and 2013).
L. kefiranofaciens isolated from the grains produce kefiran, it contains
approximately equal amounts of glucose and galactose. Kefiran is used as a

thickener, stabilizer to improve the quality and taste of kefir.

1.5.12 Lactobacillus fermentum

L. fermentum is a heterofermentative inhabitant of the digestive system and is often
isolated from human biological samples (Lopez-Huertas 2015). This species was
previously declared for its various probiotic properties (Barretto et al., 2016). The
consumption of L. fermentum and L. amylovorus modifies the microbial population
exist in the gut and it provides certain metabolic effects influencing energy
production and body fattiness (Dibaise et al., 2008). The results of Xiao et al (2011)
indicate that L. fermentum has the ability to decrease cholesterol, tolerate acid and

bile salt and inhibit pathogens.

28



1.5.13 Lactobacillus amylovorus

L. amylovorus presents features typical of homofermentative Lactobacillus species.
It is an anaerobic, rod, Gram positive, nonmotile bacteria. It belongs to the L.
acidophilus group according to taxonomic studies. It requires several vitamins for
growth (Kant, 2011).

L. amylovorus is an plentiful Lactobacillus species survive in the intestines of piglets
and it exhibits different probiotic properties such as antimicrobial efficiency versus
gastric pathogenic microorganisms (Konstantinov et al., 2006, 2008; Roselli et al.,
2007).

1.5.14 Lactobacillus delbrueckii subsp. bulgaricus

L. delbrueckii subsp. bulgaricus and Streptococcus thermophilus are thermophilic
bacteria and they are highly adapted to grow on lactose and convert it into lactic
acid. L. bulgaricus performs proteolytic activity that are useful in the protein rich
substrate (Klaenhammer et al., 2008), because it has good adaptability to milk

substrates and low pH values (Delley and Germont, 2002).

1.5.15 Lactobacillus zeae

Lactobacillus casei group, which contains several probiotic bacteria, as the species
L. casei, L. paracasei, L. rhamnosus, and L. zeae ( Collins et al.,1989).

A marked finding from (Tao et al., 2020) study, indicating that L. zeae could
effectively reduce diarrhoea in piglets. And the consumption of L. zeae had effects
on controlling expressions of genes related to inflammation and anti-oxidation,

which can relieve the inflammatory response and improve intestinal health.
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1.6 Probiotic Properities of Lactic Acid Bacteria

Lactic acid bacteria are isolated from different food products and they are used as
probiotics, confer health benefits on the host when consumed in sufficient amounts
(Quinto et al., 2014).

They are skilful in suppressing the growth of pathogenic organisms through various
techniques such as attachment to epithelial cells, modification of the immune system
and production of antimicrobial substances. They have the ability to grow and
survive under various conditions (Palachum et al., 2018). The isolates should be able
to tolerate low pH of gastric juice with resistance to bile salts. They also have some
health benefits like antimicrobial actions, toxin reducing agents, and promoting

immune system (Chiang and Pan, 2012; Berardi et al., 2013).

LAB enhance the balance of the microbial community in the intestine, allow
protection against pathogen, and prevent or treat intestinal diseases (Gionchetti et al.,
2000). These effects are performed by secretion of antimicrobial substanecs and
competition with harmful bacteria (Fons et al., 2000). LAB have many technological
skills such as proteolytic, lipolytic, acidification, texturizing, thickening coagulation,
aroma production (Pitino et al., 2010).

1.7 The aim of the study

Kefir is a fermented milk beverage, weakly acidic and slightly alcoholic taste and
has been a traditional beverage in Turkey. It is fermented by the reaction of probiotic
strains that found in symbiotic associations in the kefir grains. Probiotic strains are
microorganisms that are intended to have health benefits when consumed in a
sufficient quantity. Probiotics are non-toxic, non-pathogenic and resistant to
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pancreatic secretions and stomach acids such as bile and digestive enzymes and this
property would be important in the small intestines for probiotics having to survive

in high numbers.

Kefir is utilized by the fermentation of milk using kefir grains that have a complex
microbial symbiosis of LAB, some yeasts and acetic acid bacteria. The interest in
kefir consumption or probiotic strains is growing day after day because people
become more conscious of its beneficial and medical effects. This growing desire for
probiotics leads to the improvement in the food industry and finding new strains
with probiotic properties that are favorable for kefir production.

The study aimed to characterize the probiotic properties of the LAB from five
different Turkish kefir samples and one milk product from Kyrgyzstan. Turkish kefir
was chosen for studying its strains since the microorganisms exist in kefir depend on

the origin of kefir grains and differ from one country to another (Guzel S. 2005).

This study included mainly four parts. In the first part, four home-made kefir grain
samples were collected from Ankara, Istanbul in Turkey and AOC, a commercial
kefir sample and one milk product from Kyrgyzstan for comparison. Kefir milk was
prepared from these kefir grains. In the second part, different LAB and yeasts were
determined by real time PCR with specific primers. In the third part, lactic acid
bacteria were isolated from five kefir and milk samples and the isolates were
identified using microscopic and biochemical methods. The fourth part included the
genotypic identification for 30 LAB isolates using the 16S rRNA method. In our
study, we focused on isolation lactic acid bacteria, particularly lactobacilli since
Lactobacillus species are among the most prevalent microorganisms found in kefir
(Slattery C. et al ., 2019). Therefore, this study intended to have information about

the genotypic variety of probiotics in the homemade kefir.
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CHAPTER 2

MATERIALS AND METHODS

2.1 Collection of Samples

Homemade kefir grains were collected from Istanbul and Ankara in Turkey. In
addition to these grains, one milk product sample (semi-solid) was kindly brought
from Kyrgyzstan by Prof. Dr Kamuran Ayhan (Ankara University) and one
commercially kefir sample was available from the manufacturer, Ataturk Orman
Ciftligi (AOC), it was used for comparison of microbial populations with the
homemade samples. The samples were collected and transported to our lab in the
Food Engineering Department at the Middle East Technical University (METU).
The origins of kefir and milk samples are given in Table 2.1.

Table 2.1 Origins of homemade kefir and milk samples

No Sample name Source Origin

1 (K1) Commercial kefir sample (AOC) Turkey, Market
2 (K2) Homemade kefir grains from Ankara Beypazari

3 (K3) Homemade kefir grains from Ankara Malikoy

4 (K4) *Milk product sample from Kyrgyzstan Kyrgyzstan

5 (K5) Homemade kefir grains from Istanbul Catalca

6 (K6) Homemade kefir grains from Istanbul Cerkezkoy

*Semi-solid milk product
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2.2 Kefir Preparation from Kefir Grains

Otles and Cagindi (2003) discussed the traditional method of producing kefir:

The active kefir grains were transfered to pasteurized milk. The milk was covered,
placed in warm conditions (30°C). After that, the milk was incubated until lightly
thickened and aroma was pleasant. It takes 24 hours in room temperatures (25-30°C)
or less than 24 hours at warmer temperature. After fermentation, the milk texture
was changed, the grains were removed from the kefir beverage. The kefir grains

were kept in a new batch of distilled water and were preserved at -20°C.

2.3 Real Time PCR Assay (RT PCR)

A real time PCR assay was performed to detect and determine the populations of

kefir and milk product samples.

2.3.1 Selection of the Primers for Real-time PCR

In real-time PCR, species-specific primer pairs were used to detect different strains
of the species L. kefiri, L. casei, L. delbrueckii subsp. bulgaricus, L.
kefiranofaciens, L. fermentum, L. plantarum, S. cerevisiae, S. thermophilus,

L.sobris \amylovorus, L. acidophilus and L. paracasei (Table 2.2).
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Table 2.2 The oligonucleotides primers.

Strain Sequence References
1 L.acidophilus  For: CTTTGACTCAGGCAATTGCTCGTGAAGGTAG  Herbel (2013)
Rev: CAACTTCTTTAGATGCTGAAGAAACAGCAG
CTACG
2 L. kefiri For: 55GGGAGATGCCCATGTTGGT-3 Kim et al,
Rev: 5’ AAGCTTTCGAAGTGCCTGTGA-3 (2016)
3 L. delbrueckii  For: GAACTTGATGTTGTTGAAGGGATGCAATTCG  Herbel (2013)
subsp. Rev: GAGCGGCCTTGTTGCACGATTTC(439-461)
bulgaricus
4 L. For: 5CAGTTCGCATGAACAGCTTTTAA-3 Dong et al,
kefiranofaciens Rev: 5-GCACCGCGGGTCCAT-3' (2015)
5 L. fermentum For: AAC CGA GAACACCGCGTTAT Monique and
Rev: ACT TAACCT TAC TGA TCG TAC ATC Jan (2006)
AGT CACA
6 L. plantarum For: TGG ATCACCTCCTTT CTA AGG AAT Monique and
Rev: TGT TCT CGG TTT CAT TAT GAA AAA ATA
Jan (2006)
7 L. sobrius\ For: TTCTGCCTTTTTGGGATCAA Romain Marti
Rev: CCTTGTTTATTCAAGTGGGTGA et al., (2010)
amylovorus
8 Streptococcus  For: GGTCCAAGAAGAAGTAATTGA Abd El -Aziz
thermophilus Rev: GACCTTATACAAATCTGGTT etal., (2014)
9 Saccharomyces For: ACATATGAAGTATGTTTCTATATAACGGGTG Abd El-Aziz
cerevisiae Rev: TGGTGCTGGTGCGGATCTA etal., (2014)
10 L. casei For: CTATAAGTA AGC TTT GAT CCG GAG ATT Monique and
Rev: CTT CCT GCG GGT ACT GAG ATG T Jan (2006)

11 L. paracasei

For: ACATCAGTGTATTGCTTGTCAGTGAATAC
Rev: CCTGCGGGTACTGAGATGTTTC

Haarman and
Knol (2006)
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2.3.2 DNA Extraction for Real-Time PCR

The total DNA from the kefir and milk product samples were extracted using Poland
EURX DNA purification kit following the manufacturer’s procedures.

Two ml of the kefir and milk product samples were taken to a microcentrifuge tube
and centrifuged to separate pellets. A pellet was taken, Res f E 750 ul was added and
mixed. 60 ul Lyse FE with 10 ul Proteinase K was added. Short vortex was used.
The lysate was centrifuged for 5 min and 400 ul supernatant was transferred to a
new tube. 400 pl PR buffer was added, vortexed for 5 seconds, and was incubated on
ice for 5 min. 600 ul of the supernatant was transferred to a new 2 ml
microcentrifuge tube. 600 pl Sol FE buffer and 600 pul of 96-99% ethanol were
added and mixed well. Centrifugation briefly was done after each step. 40 ul of
buffer FE was added to the spin column. 600 ul of the supernatant was transferred to
the spin column. 500 pl Wash FEx buffer was added. 50-100pl of elution buffer was
added. The spin-column collection tube was incubated for 5 min at room conditions.

DNA was ready for further analysis.

2.3.3 Detection of Different Bacteria and Yeast Species in Kefir Using Real-
Time PCR

Applied Biosystems 7500 Real-time PCR was used. ROX dye was the reference dye

used to normalize fluorescent reporter signal.
2.3.4 Preparation of Real-Time PCR Master Mix

A master mix was used for real-time PCR reactions according to standard Kit
procedures (Table. 2.3).

37



Table 2.3 Real Time PCR materials

Reagent Amount (ul)
DNA 2
Master mix (SYBR Green) 5
For. primer, Rev. primer 0.5
H,0 17
Total amount 25

2.3.4.1 Dispensing the Master Mix:
Master Mix was distributed into the wells of a real-time PCR plate.

2.3.4.2 Addition of Template DNA

2 ul of DNA was added, containing the master mix and the tubes were covered with
optical adhesive covers. Tubes were centrifuged before placing them into the
thermocycler and real-time PCR was performed according to SYBR Green

conditions. A control without template (primer control) was run in every set-up.

Program of SYBR Green real time PCR
Step 1: 50°C, 2 min
2: 95°C, 10 min (denaturation) 40 cycles
3: 95°C, 15 sec (annealing)
4: 60°C, 1 min (elongation)
5: (Dissociation step)
Melting plot analysis was measured directly by increasing temperature (65-95°C to
determine the specifity of real time PCR reaction.
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Figure 2.1 Real-time PCR program

2.3.5 Real-Time PCR Analysis

Each real-time PCR was repeated three times and the data were examined using the
real-time PCR 7500 system for detection of gene expression. Threshold cycle (Ct)

for each gene was determined. Amplification and melting curve were analyzed.

2.4 Isolation of the Lactic Acid Bacteria from Kefir Samples

Serial dilutions of kefir samples were done from 10 up to 10°°. One milliliter of
these dilutions was poured in plates of de Man, Rogosa, and Sharp (MRS) media
agar (Oxoid, UK). They were incubated at 37°C for 48 -72 h anaerobically using a
gas pack (Anaerocult C, Merck). After incubation, colonies were randomly picked
up from each plate. The colonies that showed certain morphological differences in
shape, color and size were supposed to be LAB. Streaking method was done for each

colony and only a single colony was used to obtain pure cultures (Khalil and Anwar,
2016).
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2.4.1 Phenotypic Identification of the Isolated Bacterial Strains

All of the pure isolates were tested for catalase reaction and Gram staining. Gram
positive and catalase negative isolates were preseved in broth medium with 20%

glycerol at -80°C for next studies.

2.4.1.1 Gram Staining

Gram color staining (Merck) was used for all isolated bacteria. A single colony was
put on a clean slide, dry and then heat fixed. It was submerged with crystal violet
solution, washed with distilled water after 1 minute and covered with iodine.
Afterthat it decolorized with ethyl alcohol and water. After that, safranin was used,
washed again with water and dried. The slides observe under oil immersion (100X)
(MacFaddin, 2000).

2.4.1.2 Catalase reaction

Few drops of hydrogen peroxide(3%) was added to bacterial culture. Bubbles
formation indicated to catalase (+) and no bubble formation indicated to catalase (-)
(MacFaddin, 2000).

2.5 Biochemical Characterization of the Isolated Bacterial Strains

Identification of the isolated bacteria as Lactobacillus species was done according to
their cultural, morphological, physiological and biochemical tests by the methods as
explained in Bergey’s Manual of Bacteriology. The rod gram positive and negative
catalase isolates were examined for their temperature, pH, bile salt, NaCl, and
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phenol tolerance test. Also, lactose production, sugar fermentation, and proteolysis

activity tests were performed. All experiments were replicated twice.

2.5.1 pH Tolerance Test

The isolated bacterial cultures were transfered into sterile MRS broth of different pH
2, 2.5, 3, 4, and 6 adjusted by 10 N HCI and 1N NaOH, incubated at 37°C for 48 h.
Negative control was used. Results were recorded by observing the turbidity of the
broth media after 48 h and no growth was observed in the control (Mannan et al.,
2017).

2.5.2 Temperature Tolerance Test

The bacterial cultures were inoculated into sterile MRS broth and incubated in a
different temperature at 25°C, 37°C, 40 or 45°C for 48h. Only media was used as a
negative control. Results were detected by seeing the turbidity of the media after 48

h and no growth was seen in the control (Papamanoli et al., 2003).

2.5.3 NaCl Tolerance Test

MRS broth with 2%, 4%, or 6.5% NaCl concentrations was prepared, inoculated
with 1% fresh culture of the bacteria, and incubated for 24- 48 hours. Only media
was used as a negative control. Results were detected by observing turbidity after 48
h and no growth was seen in the control (Chakraborty and Bhowal, 2015; Mannan et
al., 2017; Aarti et al., 2018).
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2.5.4 Phenol Tolerance Test

MRS broth media containing 0.4% of phenol concentration was prepared for the
detection of phenol tolerance. The broth was inoculated with bacterial culture and
incubated at 37°C for 48 h. Results were confirmed by observing turbidity after 48 h
and no growth was observed in the control (Chakraborty and Bhowal, 2015).

2.5.5 Lactose Utilization

The acid production by bacterial cultures was determined by observing the color
changing of the medium. The sterilized medium was prepared as followed: 10g
peptone, NaCl 15g, phenol red 0.018g, lactose 5g and 1L distilled water, inoculated
with bacterial cultures, and kept at 37°C for 48 hours. Change of color to yellow

indicates the formation of lactic acid (Pundir et al., 2013).

2.5.6 The Proteolytic Activity of Lactic Acid Bacteria

The proteolytic activity protocol was described by Phyu et al (2015) with
modifications. All isolated bacterial cultures were examined for their ability of
protease utilization on a skim milk agar plate plate (skim milk 2.8% , casein 0.5%,
yeast extract 0.25%, dextrose 0.1% and agar 1.5%). The bacterial culture were used
for agar-well diffusion assay. Wells of 5 mm in diameter were done on skim milk
agar. To each of the wells, 25 ul from each broth was added. After incubation, the

diameter of clear zone was measured in mm (Phyu et al., 2015).
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2.5.7 Bile Salt Hydrolase

Bile salt hydrolase activity of lactobacilli isolates was applied by agar plate assay.
Agar plates of the MRS medium were prepared with 0.5% (w/v) of the
taurodeoxycholic acid (TDCA) and glycolic acid (GCA). All plates were inoculated
with an overnight culture by using a 10-uL loop. Plates were placed in anaerobic
conditions at 37°C for 48-72 h. Precipitated acid was observed around colonies
detecting highly active strains within 48 h and bile salt hydrolysis was represented at
two ways: The formation of precipitate around colonies or the production of granular

white colonies (Mahrous, 2011).

2.5.8 Carbohydrate Fermentation Test

The sugar fermentation test was done using 1% (w/v) sugar in MRS broth medium.
Different sugar substrates namely glucose, sucrose, maltose, mannitol, and lactose
were applied in this test. Phenol red was used as an indicator. Durham’s tube was put
inversely in each of the broth test tubes. The media without inoculation was used as
a negative control. Results were spotted by the color changing from red to yellow

color and gas formation in durham’s tube (Promot et al., 2018).

2.6 Genetic Characterization of Isolates

The bacterial isolates were identified by sequencing of specific regions of ribosomal
DNA (16S rRNA gene). This procedure was performed in BM Laboratuvar

Sistemleri in Ankara-Turkey.
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2.6.1 Extraction of Genomic DNA of LAB Isolates

Eurx Gene Matrix Tissue and Bacterial DNA isolation kit (Poland) were used for

DNA isolation of bacterial samples with the protocol in the link below:

https://eurx.com.pl/docs/manuals/en/e3551.pdf

2.6.1.1 DNA Binding Spin-Column Activation

30 ul of activation Buffer T was applied onto the DNA binding spin-column and
kept until the lysate was transferred to the spin-column.

2.6.1.2 Bacterial Sample Preparation

The bacterial colony suspended in 300 pl buffer Lyse BG. 50 pl buffer BL and 2 pl
RNase A were added to the cell suspension, and was incubated after that at 37°C for
15 min. 20 pl Proteinase K was added to the cell pellet. The sample was incubated at
56°C for 30 min. 350 ul buffer Sol T was added again and it was incubated at 56°C

for 5 min and mixed for 15 sec.

2.6.1.3 DNA Isolation

The sample was centrifuged for 1 min at 12 000 x g. The spin-column was removed,
discarded flow-through. 50 pl of Wash TX1 buffer was added and centrifuged for 1
min at 11 000 x g, 500 ul of TX2 buffer was added and centrifuged for 1 min to
remove traces of Wash TX2 buffer. 50-150 ul of Elution buffer was added to elute
bound DNA.

DNA was ready for further analysis. It was stored either at 2-8°C or -20°C. After
DNA isolation, spectrophotometric estimation were performed on the Thermo
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Scientific Nanodrop 2000 (USA) instrument to check the quantity and purity of the
DNAs isolated.

2.6.2 Polymerase Chain Reaction (PCR)

2.6.2.1 Amplification of 16S rRNA Gene

PCR amplification was done using Taq DNA polymerase (Solis Biodyne [Estonia]
FIREPol® DNA Polymerase enzyme). PCR amplification was done in a volume of

50 pl reaction mixture prepared as seen in Table 2.4.

Gene regions targeted for species identification were amplified with the primers 27F
- 1492R as universal primers. PCR programs included initial denaturation at 94°C
for 3 min, denaturation 94°C for 45s, annealing 57°C for 60s, extension 72°C for 1

min (35 cycles) and final extension 72 °C for 5 min.

The temperature was decreased to 4°C and the PCR process was completed. One

step PCR was achieved to amplify 1500 base target regions.

Table 2.4 PCR mixture for 16S rRNA gene sequencing.

Reagent Amount
d H,0 18.9
1.25 units Taq DNA polymerase 10 pl
Template DNA 50 ug
0.2 mM deoxynucleotide triphosphates 10 ul
2.5 mM MgCl, 10 mi
DNA primer 0.1pul
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2.6.2.2 Separating the DNA Fragment Using Agarose Gel

PCR products were measured qualitatively using 7% agarose gel electrophoresis at

120 V for 50 min. The amplicons were then removed from the gel.

2.6.3.2 DNA Purification from Agarose Gel

The PCR product was purified following the kit procedures using the purification
enzyme "Ex0SAP-IT ™ PCR Product Cleanup Reagent" (Thermo Fisher Scientific,
USA\) for the single-band samples obtained.

5 uL of PCR product was mixed with 2 pL of ExoSAPIT™ reagent for a combined
7 uL reaction volume. The mixture was incubated at 37°C for 15 minutes. After that,
it was incubated at 80°C for 15 minutes to inactivate ExoSAP-IT™ reagent. Final

PCR products were kept at —20°C until further study.

2.6.3 Sequencing of 16S rRNA Gene

For Sanger Sequencing samples, the ABI 3730XL Sanger sequencing device
(Applied Biosystems, Foster City, CA) and BigDye Terminator v3.1 Cycle
Sequencing Kit were used in the Macrogen Netherlands laboratory (Applied
Biosystems, Foster City, CA). The forward and reverse readings obtained with the

primers 27F-1492R were contigued to form a consensus sequence.
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2.6.4 Analysis of 16S rRNA Gene

The full identification of the isolates were then gained by searching the produced

nucleotide sequences of 16S rRNA genes in the database of the gene bank.

Finch TY version 1.4.0 (https://digitalworldbiology.com/FinchTV ) was performed

for seeing DNA sequence chromatograms. Analysis of the nucleotide sequences was
done using online BLASTN (https://blast.ncbi.nlm.nih.gov/Blast).

2.6.5 Multiple Sequence Alignment (MSA)

Multiple sequence alignments and phylogenetic tree were performed with the Clustal
Omega program (1.2.1) presented by The European Bioinformatics Institute at this
link: http://www.ebi.ac.uk/Tools/msa/clustalo/.
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CHAPTER 3

RESULTS AND DISCUSSION

3.1 Experimental Design

The current study includes four basic experimental sections: 1) collection of kefir
grains and kefir milk preparation, 2) determination of the population in different
homemade kefir samples by real-time PCR, 3) lactic acid bacteria isolation, and 4)

identification of the isolates using 16S rRNA gene sequencing.

In the first section, four different homemade kefir grains were collected from
Istanbul and Ankara in Turkey, one milk product from Kyrgyzstan, and one product
of commercial kefir milk (AOC) from Turkey. Kefir milk was prepared from kefir

grains as mentioned in Chapter 2.
Figure 3.1 demonstrates the flow chart of Section 1.

In the second section, real-time PCR technique was performed for the detection of
LAB and yeast in kefir milk using specific primers. The flow chart of the

experimental section 2 is seen in Figure 3.2

In the third section, 100 bacteria isolates were isolated from five different homemade
kefir samples. Previously, they were identified using both microbiological and
biochemical methods. Temperature tolerance, acid tolerance, bile salt tolerance,
phenol tolerance, sugar fermentation, and proteolysis tests were carried out for the
probiotic characterization of these isolates. The flow chart and the diagram of the
section 3 is shown in Figure 3.3 and Figure 3.4

In the fourth section, 30 isolates were identified using molecular techniques. The
16S rRNA gene sequencing and BLAST analysis were carried out. The flow chart of
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the section 4 is shown in Figure 3.5. In addition, the partial sequences of the 16S
rRNA gene of kefir isolates were compared with the type strains of Lactobacillus to

differentiate these closely related strains.

Collection of kefir grains

/ \
K1 K4
Commercial kefir Milk product
(AOC) (Kyrgyzstan)
v
K2 K3 K5 K6
(Ankara kefir ) (Ankara kefir) (Istanbul kefir) (Istanbul kefir)

Kefir milk preparation from kefir grains K2, K3, K5 and K6

Figure 3.1 Experimental planing (Section 1); collections of kefir grains and

preparation kefir milk.

49



11 Specific primers of species

DNA isolation from kefir milk

Real-time PCR using SYBR green

detection

Determine each species with each specific primer

Figure 3.2 Experimental planning (Section 2); determination of the population in

homemade kefir samples
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Four homemade kefir samples and one kefir

commercial product

Isolation of LAB

(100 isolates)

Gram —, cocci, and catalase +

microorganisms were eliminated

Biochemical tests were performed

(30 LAB isolates selected for sequencing)

Figure 3.3 Experimental planning (Section 3); isolation and microbiological /

biochemical identifications of LAB.
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Biochemical tests

Tolerance test Proteolysis test

e

pH

NaCl

Temperature Bile salts

v

Phenol

v

Sugar fermentation test

(Gas and acid production )

Lactose Glucose Sucrose Maltose Mannitol

Figure 3.4 Biochemical tests performed in the study (Section 4)
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Isolation of DNA from 30 LAB isolates

PCR

16S rRNA gene sequencing

Blast analysis of the 500-1500 bp region

|

Multiple sequence alignment

|

Comparison of the partial sequence with sequence
of reference Lactobacillus strains

Figure 3.5 Experimental planning of the blast analysis
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3.2 Collection of Samples

The grains of homemade kefir were brought from various regions of Ankara and
Istanbul, Turkey. The milk product sample was collected from Kyrgyzstan. The
samples were transferred to the Laboratory in the Food Microbiology Department at
Middle East Technical University (METU) to be analyzed and studied. (Table 2.1)

3.3 Kefir Preparation

As mentioned before in the previous chapter, kefir was prepared from kefir grains by
inoculating in pasteurized milk and incubating at 30°C for 24 hours followed by the
separation of kefir milk from the grains. The kefir beverage were used for further

analysis and the grains were stored at -20°C for the next usage.

3.4 Detection of Probiotic Microorganisms Using Real-Time PCR

Lactobacilli are difficult to detect and identify by traditional microbiological tests
(Kao et al. 2007; Poltronieri et al. 2008). The real-time PCR assay is an accurate,
rapid, time-saving, and powerful tool for monitoring specific microorganisms within
4 t0 5 h (Park et al., 2009). This assay could be a useful tool for differentiating
Lactobacillus species from other yeast and bacteria in kefir (Dopson et al., 2011).

In this study, the microbial composition of kefir was investigated by real-time PCR
using SYBR green dye and specific primers for selected microorganisms (L. kefiri,
L. delbrueckii subsp. bulgaricus, L. acidophilus, L. kefiranofaciens, L. fermentum, L.
plantarum, S. cerevisiae, S. thermophilus, L. sobris \amylovorus, L. casei, and L.
paracasei). Most of the primers produced positive signals with DNA from the kefir

and milk samples on the real-time PCR run.
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L. kefiri, L. casei, L. kefiranofaciens, and L. paracasei were detected in all kefir
samples. L. acidophilus was determined only in 5 kefir samples, L. delbrueckii
subsp. bulgaricus was determined in 5 kefir samples, however, L. fermentum, L.
sobris amylovorus, and L. plantarum were detected only in 2 samples, S. cerevisiae
and S. thermophilus were found in 5 kefir samples. The results of detection using

real-time PCR are presented in Table 3.1

Table 3.1 Detection the population of kefir samples using specific primers for real-

time PCR.
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3 K3 + + _ + B _ + + _ + +
4 K4 + + + + + _ + + + + +
5 K5 + + - + 3 B + + + + +
6 K6 + + + + B + + B + +

In real-time PCR, DNA is measured after each cycle through fluorescent dyes, the
fluorescent signal increases in the same ratio with the number of PCR products
produced. The real-time PCR instrument produces an amplification curve and shows

the fluorescent signals (ARn) against the cycle number. The threshold cycle (Ct) is
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the fractional cycle number at which the fluorescence passes the threshold. There is a
relation between Ct and the concentration of the target in the PCR reaction. The Ct
value is inversely related to the starting amount of the target DNA as described by
Heid et al (1996). In the current study, all strains generated Ct values ranging from
19 to 36 threshold cycles and unspecific signals developed were easily identifiable
by melting curve analysis. Herbel et al (2013) found that all reference Lactobacillus
strains and isolates from yogurt had Ct values ranging from 14 to 28 threshold

cycles.

As the template amount decreases, the cycle number of the amplification increases.
It is supposed that the real-time PCR is operating at high efficiency when the number

of product doubles during each cycle.

The specificity of the reaction was checked by the melting curve analysis (Tm) in
which the amplified PCR products were denatured and cooled to 5-10°C. The Tm
depends on GC content (Edwards, 2004). The change in fluorescence to change in

temperature ratio (-AF/AT) is plotted against temperature to get a clear melting

curve.

Melting curves helped distinguish primer-dimers from specific PCR products and to
confirm the amplified products. The primer dimers melt at lower temperatures than
the amplicon (PCR products). Primer-dimers take place when two PCR primers join
to each other instead of the target. Also, the presence of these primer-dimers may be
related to the deficient primer annealing time or the unsuitable annealing
temperature. According to the recent study, the Tm for Lactobacillus spp that was
identified from kefir and milk samples using real-time PCR was between 78-85.5°C.

The present results are similar to the results by Abdulamir et al (2010) in which the
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melting curve for Lactobacillus spp. in six samples of fish and shrimp sauces had a
peak at Tm = 85.5°C.

Lactobacillus kefiri

In the current study, L. kefiri was successfully detected in all kefir milk samples in
the real-time PCR assay. The same result was found in the previous study by Kim et
al (2016). They easily utilized a real-time PCR assay to detect L. kefiri in the kefir
milk for monitoring the quality of kefir probiotics. It is significant for kefiran
production in the kefir grain structure. Kefiran has been supposed to be effective

against a diversity of diseases (Kim et al., 2016).
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Figure 3.6 Amplification and melting curve for Kefir sample (K4) with L. kefiri.

57



L. kefiri was specified as a starter culture and determines one of the flavor properties
of kefir beverages. The presence of L. kefiri in all samples in a recent study was
demonstrated with real-time PCR analysis. Also, L. kefiri is presented as kefir and
kefir grain constituents in, for example, Argentinean, Taiwanese, Turkish, Brazilian,
and Canadian samples. These results were presented by Chen et al (2008), Miguel et
al (2010) and Kesmen and Kacmaz (2011). It was shown in Figure 3.6 that the
melting curve of L. kefiri in the K4 sample had Ct value started from 32 and a

specific peak at Tm =82°C.

Lactobacillus kefiranofaciens

Chon et al (2013) studied that the level of L. kefiranofaciens was strongly correlated
with the amount of kefiran produced in kefir so it is a key indicator bacterium of
kefir milk. In this study, L. kefiranofaciens was detected by real-time PCR in all
samples. These results are consistent with the reports in the literature (Kim et al.,
2015b). They reported a real-time PCR primer and probe set for the fast detection of
L. kefiranofaciens in kefir grain and kefir milk. In addition, our results are similar to
the reports for isolation of L. kefiranofaciens in Italia, Argentina, Belgium, Brazil,
China, and Taiwan from the kefir and kefir grains (Garrote et al., 2001; Chen et al.,
2008; Magalhaes et al., 2011; Wang et al., 2012; Gao et al., 2013; Hamet et al.,
2013; Korsak et al., 2015; Zanirati et al., 2015; Garofalo et al., 2015).

Kefiran is a polysaccharide produced by L. kefiranofaciens. The production of this
polysaccharide is increased when L. kefiranofaciens survives with S. cerevisiae
(Cheirsilp et al., 2003). This can be explained and was supported by our results that
L. kefiranofaciens and S. cerevisiae in all kefir samples except commercial one, It

may be to avoid gas production in the product during the marketing. In the current
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study, the amplification curve had a Ct value at 19 and one peak of the melting curve

was shown at 83 °C in K6 sample (Figure 3.7)

P
BEER — :
ARERACSEESaRNN ] i1d E
I
sel -
pE————_ a2
B L B CRRRFARELAL LS TIATRIRIN 2 IAITINIT N

e Namter e

> » . r

2
= 3 -
- - -
s s o intion
- _Tx ;
4
i = *[ ——
o 5 70 75 3 T
_— Tempe: (5]
1 2 3 + s 13
I ] -] I -
: — 5 -5 —

e === ===} 5
e =

Figure 3.7 Amplification and melting curve for Kefir sample (K6) with L.

kefiranofaciens.
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Saccharomyces cerevisiae

DNA extracted from kefir and milk samples was examined by real-time PCR using
Saccharomyces cerevisiae primers which yielded positive results for all samples
except for K1 (commercial kefir product). It agrees with the results reported by Kim
et al (2015a) that Saccharomyces spp was easily detected from kefir grains and
fermented milk kefir using real-time PCR. S. cerevisiae was also identified in kefir
beverages by Beshkova et al (2003) as the yeast species were able to produce
alcohol. However, some Lactobacillus strains can also produce ethanol.

S. cerevisiae is an eukaryotic microorganism and a facultative anaerobe. It can use
sugars to produce water and CO, gas in the presence of oxygen, or it can do
fermentation in anaerobic conditions to produce ethanol and CO, gas (Berg et al.,
2012). The absence of S. cerevisiae only in K1(commercial kefir product) may be to
avoid the production of gases from its growth in kefir milk. Onaran and Cufaoglu
(2017) observed that homemade kefir samples contained yeast more than the
commercial samples. However, the addition of Saccharomyces spp. to the milk kefir
culture enhances the quality of kefiran, explaining the cruciality of the symbiosis
between the bacteria and yeast (Cheirsilp et al., 2003). Also, the yeasts are important
for the microbiological properties and enhancement of the physical and chemical
characteristics of the fermented product. According to Farnworth (2005), yeasts have
an important role in the production of kefir with essential amino acids, vitamins, and

produce metabolites that contribute to the flavor of kefir.
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S. cerevisiae was found in kefir grains and kefir beverage of various origins such as
Argentina, Bulgaria, Brazil and China (Simova et al., 2003; Hamet et al., 2013; Gao
et al.,, 2013 and Zainirati et al., 2015). These findings indicated that Turkish
homemade kefir samples of the present study are similar to other samples from

different regions.

Figure 3.8 shows the amplification and melting curves for S.cerevisiae in sample K5,

S. cerevisiae had a Ct value at 32 and a specific peak for the melting curve at 82°C.
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Figure 3.8 Amplification and melting curve for Kefir sample (K5) with S. cerveisiae.

Lactobacillus acidophilus

L. acidophilus is one of the significant species in kefir and it has a wide range of
health benefits in cholesterol metabolism, antimicrobial activity, immune

modulation, and tumor suppression.

Guzel S. et al (2005), Kesmen and Kacmaz (2011), Kok-Tas et al (2012) and
Nalbantoglu et al (2014) reported that L. acidophilus was one of the probiotic
species found in kefir grains and beverages in Turkey. These results were compatible
with our results in which L. acidophilus was detected in 5 samples using a real-time

PCR approach.

The melting curve analysis of L. acidophilus in K6 appears to be a case of primer
dimers due to the presence of additional peaks at low temperature to the left of the
peak for the amplified product at smaller Tm as shown in Figure 3.9 (a). It was

considered as a negative result because of the presence of nonspecific products.
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The melting curves for L. acidophilus had a Ct value at 30 and a specific peak for the
melting curve at 83°C. Figure 3.9 (b) shows amplification and melting curves for L.
acidophilus in K2.
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Figure 3.9 (a) Amplification and melting curve for L. acidophilus in Kefir (K6), case

of primer dimer.
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Figure 3.9 (b) Amplification and melting curves for L. acidophilus in K2,

Lactobacillus plantarum

L. plantarum was previously isolated from kefir of different origins such as
Argentina, China, South Africa, and Turkey and it was characterized as a potential
probiotic strain as discussed in the previous studies (Garrrote et al., 2001; Hamet et
al., 2013; Gao et al., 2012 and 2013; Witthuhn et al., 2004; Merih and Evrim, 2015).
In addition, De Montijo-Prieto (2015) found that L. plantarum isolated from kefir
could increase resistance to intestinal infections through its immunomodulatory
activity. The capability of L. plantarum to antagonize the cytotoxic effects of E.coli
(Hugo et al., 2008) and Shiga2 toxin (Kakisu et al., 2013) were studied.

Kivang and Yapici (2016) found that L. plantarum was the dominant species and

some species like L. kefiranofaciens, L. kefir, L. kefirgranum, and L. parakefir were

not found in their study. These findings are inconsistent with our study because L.
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plantarum was detected in commercial kefir (K1) and Ankara kefir (K2). However,
L. kefir, L. kefiranofaciens were the most dominant species in kefir using real-time
PCR and this can be explained by the difference in geographical origins of the kefir

grains.

It was shown that the Ct value for L. plantarum in K1 and K2 was 31 and had a
specific peak in the melting curve analysis at 78°C. In contrast, Herbel (2013)
detected L. plantarum in a yoghurt sample at a melting temperature of about 84°C.
The amplification and melting curve for L. plantarum in K1 and K2 can be seen in
Figure 3.10(a,b).
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Figure 3.10 (a) Amplification and melting curve for Kefir (K1) with L. plantarum.

i n
| !'
%
A
b y
t LLIYE
| =
: A b
:
!
1 >
| "7
x ] 1
=2 f] ,. A
' ‘ > z 1
i |
Ll |

1213141518 1718192021222324 25

67



Figure 3.10 (b) Amplification and melting curve for Kefir (K2) with L. plantarum.

Lactobacillus casei

L. casei was one of the dominant homofermentative Lactobacillus species in the
current study and it was found in all kefir samples from Turkey and milk sample
from Kyrgyzstan. In addition, the presence of L. casei in kefir grains and beverage
had been shown in samples from Russia, Argentina, Bulgaria, Brazil, China, and
Turkey by previous reports (Garrote et al., 2001; Leite et al., 2012; Hamet et al.,
2013; Zanirati et al., 2015; Magalhaes et al., 2011; Gao et al., 2012 and 201343,
Merih and Evrim, 2015; Kotova et al., 2016).

L. casei is used as probiotics for the production of fermented products due to its

ability to form good amounts of lactic acid which can enhance the aroma and flavor
of a product. In addition to its high bile salt and acidity tolerance and antimicrobial
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effects, many beneficial health effects of L. casei strains have been studied such as
accelerating cancer's cure duration, stimulating the immune system, and decreasing

cholesterol levels (Somer et al., 2012).

As it can be seen in Figure 3.11, L. casei was recognized by real-time PCR and had a
Ct value at 28 and its Tm value was located between 82°-85°C. Kao et al (2007)
found that Tm of L. casei group including L. casei and L. paracasei were located at
about 63.94 °C. Our results are in accordance with these results reported in the
literature. The amplification and melting curve for L. casei in all samples can be seen

in Figure 3.11.
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Figure 3.11 Amplification and melting curve for L. casei in all samples.

Lactobacillus paracasei

L. paracasei is a probiotic, useful at improving the intestinal environment, and
produce lactic acid to improve the taste and aroma of dairy products (Xiao and
Dong, 2003). They have an effective role in decreasing cholesterol and controlling
blood pressure, elimination of gastric mucosal lesions, alleviation of allergies, and
suppression of fat tissue growth (Chiang and Pan 2012). Also, Xue et al (2015)
found that L. paracasei M7 prevents the adhesion of Salmonella to epithelial tissues.
In a recent study, L. paracasei was displayed to be one of the most abundant
bacterial strains in all samples. These are similar to the results announced by
Magalhaes et al (2011) that L. paracasei was one of the most abundant Brazilian
kefir samples. Also, it was found in kefir grains and beverages of Russia, Argentina,
Bulgaria, Brazil, China, and Turkey (Garrote et al., 2001; Leite et al., 2012; Hamet
et al., 2013; Zanirati et al., 2015; Magalhaes et al., 2011; Gao et al., 2012 and 2013a;
Merih and Evrim, 2015; Kotova et al., 2016).
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L. paracasei had Ct values at 30 and peaks ranging from 78-85°C in the melting
curve for all kefir samples. However, there were two peaks for K5 in the melting
curve but it does not always indicate a primer dimer problem. Ahmed et al (2017)
discussed that SYBR Green dye gives fluorescence signal when bound to double-
stranded DNA (ds DNA). As the temperature increases, dSSDNA denatures becoming
ssSDNA. This is supposed to be an intermediate phase that it is neither dsSDNA nor
sSDNA (two phases in which the DNA does not melt directly and the DNA melt).
Mackey et al (1988) found in a limited investigation that the temperature (Tnax) at
which peak was greater was strongly correlated with the G + C content of the DNA.
Additional reasons such as amplicon misalignment and secondary structure in the
amplicon region are also possible. Thus, the appearance of double peaks during
melting curve analysis does not always point to non specific amplification (Wittwer
et al., 2009; Dwight et al., 2011). In the K5 case, both peaks appear at a high
temperature which may refer to positive result for L. paracasei detection (Figure
3.12). In addition, the presence of L. paracasei in K5 has also been proven in the

results section of isolation and identification.

71



Amplification Plot

100

ARN

0.1

001

0,001 & =

-
kK1 lix2 lks ks ks ks

Melt Curve

Dervaive Reportr (-Rn)

ss5.0 7o.0 75.0 so.o =50 =20.0 os5.0

Temperasture (°C3

ceomna
[-K4 ol <= s il <s HE <= <

Figure 3.12 Amplification and melting curve for L. paracasei in all samples.

Lactobacillus delbrueckii subsp. bulgaricus

Simova et al (2002) identified L. delbrueckii subsp. bulgaricus from Bulgarian kefir
grains and beverages. Also, Kao et al (2007) and Harbel et al (2013) detected L.
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delbrueckii subsp. bulgaricus in milk and yoghurt samples using real-time PCR.
Similar to our study, L. delbrueckii subsp.bulgaricus was found and detected in all
kefir samples except K3 and K5 as their real-time PCR run did not yield an
amplification or melting curve for L. delbrueckii subsp. bulgaricus.

Figure 3.13(a) shows Ct value at 27 and one peak appears at 85°C in the melting

curve of L. delbrueckii subsp. bulgaricus in commercial Kefir.

As it can be shown from Figure 3.13(b), Tm for L. delbrueckii subsp. bulgaricus in
the melting curve analysis of kefir samples ranged from 82°C to 85°C.
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Figure 3.13a The amplification curve of L. delbrueckii subsp. bulgaricus in k1.
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Figure 3.13b The melting curve of L. delbrueckii subsp. bulgaricus in k1.

Lactobacillus sobrius\amylovorus

Magalhaes et al (2011) and Nalbantoglu et al (2014) demonstrated the presence of
L. amylovorus in Brazilian and Turkish kefir samples. In the current study, L.
sobrius\amylovorus was detected in two kefir samples K4 and K5, using real-time
PCR. The absence of this species in the commercial and other kefir samples may be
due to the fact that some L. amylovorus strains form bacteriocins effective against
some strains of the Lactobacillus such as L. delbrueckii subsp. bulgaricus (Gawhen

and Bergmeyer,1974).

As underlined by Laifio et al (2014), L. amylovorus CRL 887 is able to produce not
only folates but also vitamins that it needs for its growth. The importance of using
L. amylovorus in the food industry as phytase production (Sreeramulu et al., 1996),
to reduce cholesterol level (Grill et al., 2000) and its production for antifungal

compounds was also demonstrated (Ryan et al., 2011).
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L. sobrius\amylovorus was detected in K4 and K5 with high Ct value of 38. This
high Ct is indicative of very low amounts of target DNA or showing a state of

contamination (Heid C. et al., 1996).

Tm for L.sobrius\amylovorus in the current study was 74-78°C. The amplification

and melting curve of L. amylovorus in k4 can be shown in Figure 3.14.
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Figure 3.14 The amplification and melting curve of L. amylovorus in K4.
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Lactobacillus fermentum

Witthuhn et al (2004, 2005) detected L. fermentum in South African kefir grains. In
this study, L. fermentum was detected using real-time PCR in K4 and K6. It had a Ct
value at 32 and peak at 82°C in the melting temperature. The amplification and
melting curve for K4 can be seen in Figure 3.15. L. fermentum is obligately hetero-
fermentative lactobacilli producing lactic, succinic, and acetic acids (Mikelsaar and
Zilmer, 2009). L. fermentum has both antioxidative and antimicrobial properties
(Kullisaar Z. 2016; Kumar et al., 2017). Antioxidant L. fermentum can lower the risk
of some diseases due to the diversity of gut microbiota and colorectal cancer (Sepp
etal., 2018).

Ukrainian homemade kefir beverage includes Saccharomyces spp. and bacteria such
as L. fermentum almost 90% of the microbial association, with Leuconostoc lactis,
and acetic bacteria Acetobacter (Vichko et al. 2013). In traditional kefirs produced
from grains, some lactobacilli like the species of L. delbrueckii subsp. bulgaricus
grow together with L. fermentum comprised up to 98.2% of the Lactobacillus
population (Witthuhn et al., 2005).

In the current study, L. fermentum and L. delbrueckii subsp. bulgaricus were present
together in kefir samples K4 and K6, which proves the high diversity of kefir
microflora and indicates the effects of kefir microbiota on each other in the kefir

environment.
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Figure 3.15 The amplification and melting curve of L. fermentum in K4.
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Streptococcus thermophilus

Bulgarian, Brazilian, Turkish, and Tibetan kefir grains and beverages contain the
probiotic S. thermophilus. It is used in food fermentation and many industrial dairy
products. It can enhance the structure and aroma properties of these dairy products.
Besides, S. thermophilus has various beneficial effects including antioxidant actions,
modification of intestinal microbiota, and suppression of specific pathogens.
(Adolfsson et al., 2004; lyer et al., 2010).

Our findings showed the occurrence of S. thermophilus in all kefir samples except
K2. It had a Ct value at 32 and melting temperature ranging from 84-87°C for K1,
K5, and K6, but it was 73°C for K3 and K4. The amplification and melting curve for

K5 can be seen in Figure 3.16.

As mentioned by Simova et al (2002), Streptococcus lactis and Streptococcus
thermophilus were the dominant microflora in all kefir grains. These results differ
from the results of Neve (1992) that they found a very rare presence of streptococci
in the grain. In Turkish kefir, Streptococcus thermophilus were identified by

Yiiksekdag et al (2004) and their results are similar to our results.

Laifio et al (2013) discussed an aggregation of L. bulgaricus and S. thermophilus to
the commercial yoghurt and resulted in a twice as much increase in folate levels. In
the present study, L. bulgaricus and S. thermophilus were found together in four
kefir samples K1, K4, K5, and K6. It confirms the importance of the combination to

improve the health benefits of kefir by increasing folate level.
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Figure 3.16 The amplification and melting curve of S. thermophilus in K6.
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The amplification and melting curve of kefir 5 and 6 with specific primers (L.
kefiri, L. acidophilus, L. kefiranofaciens, L. delbrueckii subsp. bulgaricus, L.
fermentum, L. plantarum, S. cerevisiae, S. thermophilus, L. sobris \amylovorus)

were given in Figure 3.17(a and b).
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Figure 3.17 (a) Amplification curves of kefir sample (K5 and K6 ) with specific primers (L. kefiri, L.
acidophilus, L. kefiranofaciens, L. fermentum, L. plantarum, L. delbrueckii subsp. bulgaricus, S.

cerevisiae, S. thermophilus and L. sobris \amylovorus).
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Figure 3.17 (b) Melting curves of kefir sample (K5 and K6 ) with specific primers (L. kefiri, L.
acidophilus, L. delbrueckii subsp. bulgaricus, L. kefiranofaciens, L. fermentum, L. plantarum, S.

cerevisiae, S. thermophilus, and L. sobris \amylovorus).
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In this point, real-time PCR was a simple and accurate assay to successfully
identify L. kefiri, L. acidophilus, L. delbrueckii subsp. bulgaricus, L.
kefiranofaciens, L. fermentum, L. plantarum, S. cerevisiae, S. thermophilus, L.
sobris \amylovorus, L. casei and L. paracasei in different kefir and milk samples.
In addition, determination of the predominant species in all samples like L. Kefir ,
L. kefiranofaciens, L. casei and L. paracasei could be useful for monitoring the

quality of kefir probiotics to produce our kefir in further studies.

Our recent study agreed with Herbel et al (2013) that used the same method
successfully to identify Lactobacillus species by species-specific primers for S.
thermophilus, L. delbrueckii, L. casei, L. paracasei, L. rhamnosus, L. acidophilus,
and L. johnsonii in milk products. On the other hand, Kao et al (2007) explained
that real-time PCR could detect L. acidophilus and L. delbrueckii by species-
specific primers, but it could not be used to detect L. casei, L. paracasei, and L.
rhamnosus of probiotic products in Taiwan, which is in agreement with our
results. Using real-time PCR could easily identify L. casei, L. paracasei in our

samples.

The microbial population of kefir is dependent on its source which can differ from
origin to origin. Therefore, it is very important to make species-based
identification of the microorganisms in kefir to determine the health benefits of

the products.

It can be concluded from real-time PCR assay that our kefir and milk samples also
have several important organisms as the other samples from other countries. In this
study, one milk product sample from Kyrgyzstan (K4) was rich in probiotic
Lactobacillus strains as well as kefir samples collected from Ankara and Istanbul.
Besides, most of Lactobacillus strains detected in real-time PCR assay from our

samples were similar to the microbial population of Argentinean, Taiwanese,
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Turkish, Brazilian, and Chinese kefir grains and beverages (Garrote et al., 2001;
Hamet et al., 2013, Chen et al., 2008; Wang et al., 2012; Kok-Tas et al., 2012;
Nalbantoglu et al., 2014; Leite et al., 2012; Zanirati et al., 2015; Gao et al., 2012,
2013a).

All of the amplification and melting curves of real-time PCR for the kefir samples

with 11 primers are given in the appendix chapter.

3.5 Isolation of Lactic Acid Bacteria

Lactobacillus species are among the most prevalent microorganisms found in kefir
(Slattery et al., 2019). This analysis focuses on the isolation Lactobacillus strains

from kefir and milk samples.

A total of 100 isolates were isolated from homemade kefir and milk product sample,
subcultured on MRS medium, and incubated at 37°C for 48 hours under anaerobic
condition. The purity of the isolates was examined by the streaking method. The pure

colony was picked up and preserved with in a 20% glycerol solution at -20 and -80°C.

3.6 Phenotypic Identification of LAB

3.6.1 Colony Morphology
All of the isolates were identified based on the characteristic morphology and colony
morphology of Lactobacillus strains was evaluated and the properties of the colony

such as form, size, and color are shown in Table 3.2.

Colonies appeared creamy, white-colored, circular, and belonged to the genus
Lactobacillus. They varied in size and for some marginal characteristics. These
findings were similar to the characters of Lactobacillus strains isolated by Kandler
and Weiss (2005).
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Table 3.2 Sources of kefir and colony morphology of isolates.

No Isolate name  Source of kefir Form of colony Color of colony  Size
1 K2-2a Ankara Circular, irregular Creamy Small
2 K2-3 Ankara Circular, regular Creamy Small
3 K2-3a Ankara Circular, irregular Creamy Small
4 K2-4 Ankara Circular, irregular Creamy Small
5 K2-4a Ankara Circular, irregular Creamy Small
6 K2-14 Ankara Circular, irregular Creamy Small
7 K3-2a Ankara (2) Circular,regular White Large
8 K3-3a Ankara (2) Circular,irregular Creamy Small
9 K3-8b2 Ankara (2) Circular,regular Creamy Small
10 K3-13b Ankara (2) Circular,regular Creamy Small
11 k3-20 Ankara (2) Circular,regular Creamy Small
12 K3-20a Ankara (2) Circular,regular Creamy Small
13 K3-28 Ankara (2) Circular,regular Creamy Small
14 K4-6a Kyrgyzstan Circular,regular White Large
15 k4-16 Kyrgyzstan Circular,regular Creamy Small
16 K4-17 Kyrgyzstan Circular,regular Creamy Small
17 K4-28 Kyrgyzstan Circular,regular Creamy Small

83



Table 3.2 Sources of kefir and colony morphology of isolates (continued).

No Isolate name Source of kefir ~ Form of colony Color of colony Size
18 K5-3 Istanbul Circular, regular Creamy Small
19 K5-3a Istanbul Circular,regular White Small
20 K5-5a Istanbul Circular, regular Creamy Small
21 K5-11 Istanbul Circular,regular White Small
22 K5-14 Istanbul Circular, regular Creamy Small
23 K5-15 Istanbul Circular, regular White Small
24 K6-1 Istanbul (2) Circular, regular Creamy Small
25 K6-3a Istanbul (2) Circular, regular White large
26 K6-6a Istanbul (2) Circular, regular White Small
27 K6-7 Istanbul (2) Circular, regular Creamy Small
28 K6-9a Istanbul (2) Circular, regular White large
29 K6-12 Istanbul (2) Circular, regular Creamy Small
30 K6-14 Istanbul (2) Circular, regular White Large

Results are expressed as small for colony diameter 2 mm and large for colony diameter 2-5 mm.
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3.6.2 Microscopic Examination

The isolates were subjected to Gram’s staining and were evaluated under a light
microscope. The results are shown in Table 3.3. Staining was used to distinguish the
bacterial isolates depends on their cell wall properties. The strains stained purple
color indicated that they were gram-positive, rod-shaped as single or in chain forms
as seen in Figure 3.18. These results determined that the isolated bacteria could be
identified as Lactobacillus species (Salvetti et al., 2012; Rao et al., 2015).

Figure 3.18 Gram staining

3.6.3 Catalase Test

This test is a diagnostic tests for the differentiation of bacteria. Since the isolates
were gram-positive bacteria, they were examined for catalase activity. No bubble
was noticed indicating catalase-negative and these bacteria could not degrade H,0,

to produce O,. It is recognized that Lactobacillus is catalase-negative.(Table 3.3)
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Table 3.3 Gram staining and catalase test for kefir isolates.

Isolate No Isolate name  Gram stain Shape Catalase test
1 K2-2a +ve long rod & in chain -ve
2 K2-3 +ve short rod ,single & in chain -ve
3 K2-3a +ve long rod &in chain -ve
4 K2-4 +ve long rod & in chain -ve
5 K2-4a +ve short rod &single -ve
6 K2-14 +ve short rod &single -ve
7 K3-2a +ve short rod & single -ve
8 K3-3a +ve long rod & in chain -ve
9 K3-8b2 +ve short rod &single -ve
10 K3-13b +ve short rod &single -ve
11 k3-20 +ve short rod &single -ve
12 K3-20a +ve short rod &single -ve
13 K3-28 +ve short rod &single -ve
14 K4-6a +ve long rod & in chain -ve
15 k4-16 +ve short rod &single -ve
16 K4-17 +ve short rod &single -ve
17 K4-28 +ve short rod &single -ve
18 K5-3 +ve short rod &single -ve
19 K5-3a +ve short rod &single -ve
20 K5-5a +ve short rod &single -ve
21 K5-11 +ve short rod &single -ve
22 K5-14 +ve short rod & in chain -ve
23 K5-15 +ve short rod & in chain -ve
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Table 3.3 Gram staining and catalase test for kefir isolates (Continued).

Isolate No Isolate name Gram stain Shape Catalase test
24 K6-1 +ve short rod & single -ve
25 K6-3a +ve long rod & in chain -ve
26 K6-6a +ve short rod & in chain -ve
27 K6-7 +ve short rod & single -ve
28 K6-9a +ve short rod & single -ve
29 K6-12 +ve short rod & single -ve
30 K6-14 +ve long rod & in chain -ve

3.7 Biochemical Tests

Biochemical characteristics of LAB isolates were examined as follow.

3.7.1 pH Tolerance Test (Acid tolerans)

The resistance of the probiotic strains to low pH is one of the important criteria
(Cakar 2003). They must pass through the extreme conditions of the stomach, at a pH
lower than 0.1, to reach the small intestine (Chou and Weimer 1999; Cakir 2003). A
single isolated colony was transferred into MRS broth at various pH values 2,2.5,3,4,
and 6 and incubated at 37 °C for 24 h to observe the ability of the growth of
Lactobacillus isolates (Table 3.4). From this experiment, isolated Lactobacillus
showed that the optimum pH value for good growth was at pH 4.0 and 6.0, moderate
growth at pH2.5 and 3.0 with no or less growth at pH 2.0. Therefore, it was
demonstrated that the isolated Lactobacillus species were able to survive in stressful
acidic and neutral conditions. Similar results were reported by Pyar and Peh (2014)
who observed the turbidity for Lactobacillus growth in broth with different pH
values arranging from 4.0 to 7.0. Hoque et al (2010) found that a major decrease in
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the viability of strains was often noticed at < pH 2.0. Besides, Lactobacillus growth
was detected at pH 2.5 to pH 8.5. These earlier results are similar to ones shown by

our study.

Shivram and Vishwanath (2012) explained that the isolated Lactobacillus strains had
potential to survive at pH 2.0 and 3.0. Srinu et al (2013) displayed that all the
selected lactic acid bacterial strains as L. plantarum and L. casei survived in the
tested acidic pH range (1.5, 2.0, 3.0 and 3.5).

3.7.2 NaCl Tolerance Test

Commonly, NaCl is an inhibitory substance that can suppress bacterial growth. In
the current study, the NaCl tolerance test was applied at 2%, 4% and 6.5% NaCl
concentrations. The results explained that all Lactobacillus spp. isolated from kefir
were able to survive at 6.5% of NaCl and optimal growth was detected at 2- 4% of
NaCl (Table 3.4). These results are similar to those by Hoque et al (2010) that the
Lactobacillus spp isolated from yoghurts could grow at 1-9 % of NaCl and optimal
growth was detected at 1-5 % NaCl.

Forhad et al (2015) found that Lactobacillus species were able to survive at 1-6%
NaCl concentration where as they could not grow at high NaCl concentrations. High
salt tolerance is a useful property for an organism to be used as a probiotic. High
osmotolerance would be an important character for LAB strains because when lactic
acid production causes alkali to be pumped, and the free acid would be converted to
its salt form. This causes an increase in osmotic pressure on bacterial cells. It would
then affect their metabolism, water activity, enzyme activity, and physiology. The

results for the pH and NaCl tolerance test are given in Table 3.4
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Table 3.4 The tolerance of Lactobacillus isolates to pH and NaCl salt.

No  Isolate NaCl tolerance pH tolerance

name 2% 4%  65% pH=2 pH=25 pH=3 pH=4  pH=

1 K2-2a ++ ++ + - - + ++ ++
2 K2-3 ++ ++ + - + + ++ ++
3 K2-3a ++ ++ + - - + ++ ++
4 K2-4 ++ ++ + - + + ++ ++
5 K2-4a ++ ++ + - + + ++ ++
6 K2-14 ++ ++ + - + + ++ ++
7 K3-2a ++ ++ + - + + ++ ++
8 K3-3a ++ ++ + - + + ++ ++
9 K3-8h2 ++ ++ + - + + ++ ++
10 K3-13b ++ ++ + - + + ++ ++
11  K3-20 ++ ++ + - + + ++ ++
12 K3-20a ++ ++ + - + + ++ ++
13  K3-28 ++ ++ + - + + ++ ++
14  K4-6a ++ ++ + - + + + ++
15 K4-16 ++ ++ + - + + ++ ++
16 K4-17 ++ ++ + - + + ++ ++
17 K4-28 ++ ++ + - + + ++ ++
18 K5-3 ++ ++ + - + + ++ ++
19 K5-3a ++ ++ + - + + ++ ++
20 K5-5a ++ ++ + - + + ++ ++
21  K5-11 ++ ++ + - + + ++ ++
22  K5-14 ++ ++ + - + + ++ ++
23 K5-15 ++ ++ + - + + ++ ++
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Table 3.4 The tolerance of Lactobacillus isolates to pH and NaCl salt (Continued).

No  Isolate NaCl tolerance pH tolerance
name 2% 4% 6.5% pH=2 pH=25 pH=3 pH=4 pH=6

24 K6-1 ++ ++ + - + + ++ ++
25 K6-3a ++ ++ + - + + ++ ++
26 K6-6a ++ ++ + - + + ++ ++
27 K6-7 ++ ++ + - + + ++ ++
28 K6-9a ++ ++ + - + + ++ ++
29 K6-12 ++ ++ + - + + ++ ++
30 K6-14 ++ ++ + - - - ++ ++

(++) good growth, (+) less growth, (-) No growth

3.7.3 Temperature Tolerance Test

Temperature is an essential factor which can affect bacterial growth and the reason
for doing this test is to detect ability of the isolated cultures to survive within normal
body temperature. In the current study, the isolates were screened for their capacity
to tolerate different temperatures of 25, 37,40, and 45°C (Table 3.5). According to
the results, all of the isolates easily grow at 25, 37, and 40°C. These results are
similar to those of Pundir et al (2013). However, some isolates could not grow at
45°C. According to Chakraborty and Bhowal (2015), the isolated Lactobacillus
species were able to survive with in 30-50°C and the optimum temperature for
maximum growth was 37°C. Also, Yavuzdurmaz (2007) showed that after 7 days of
observation all of the Lactobacillus isolates survived at 45 °C, however, they could

not grow at 10 °C and 15 °C. These results differ from our results.
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Table 3.5 Temperature, phenol tolerance, and lactic acid production test.

Temperature tolerance Phenol
No Isolate 25°C 37°C  40°C 45°C tolerance Lactic acid
name ~ (0.4%)  production
1 K2-2a + ++ + + +ve +ve
2 K2-3 + ++ + + +ve +ve
3 K2-3a + ++ + + +ve +ve
4 K2-4 + ++ + - +ve +ve
5 K2-4a ++ ++ + - +ve +ve
6 K2-14 + ++ + + +ve +ve
7 K3-2a ++ ++ + + +ve +ve
8 K3-3a ++ ++ + - +ve +ve
9 K3-8b2 ++ ++ + - +ve +ve
10 K3-13b ++ ++ + - +ve +ve
11 K3-20 ++ ++ + - +ve +ve
12 K3-20a ++ ++ + - +ve +ve
13 K3-28 + ++ + + +ve +ve
14 K4-6a + ++ + + +ve +ve
15 K4-16 + ++ + + +ve +ve
16 K4-17 + ++ + + +ve +ve
17 K4-28 ++ ++ + - +ve +ve
18 K5-3 ++ ++ + - +ve +ve
19 K5-3a ++ ++ + - +ve +ve
20 K5-5a ++ ++ + - +ve +ve
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Table 3.5 Temperature, phenol tolerance, and lactic acid production test (continued).

Temperature tolerance Phenol

No Isolate tolerance Lactic acid

name 25°C 37°C 40°C 45°C (0.4%) production
21 K5-11 ++ ++ + - +ve +ve
22 K5-14 + ++ + + +ve +ve
23 K5-15 + ++ + + +ve +ve
24 K6-1 + ++ + - +ve +ve
25 K6-3a + ++ + + +ve +ve
26 K6-6a + ++ + + +ve +ve
27 K6-7 + ++ + - +ve +ve
28 K6-9a + ++ + - +ve +ve
29 K6-12 + ++ + - +ve +ve
30 K6-14 + ++ + + +ve +ve

(++) good growth, (+) less growth, (-) No growth

3.7.4 Phenol Tolerance Test

Probiotic strains survive low concentrations of inhibitory substances such as phenol
since it is bacteriostatic. Certain aromatic amino acids originated from proteins
would be deaminated in the gut by bacteria which cause the formation of phenols

that have bacteriostatic effects (Suskovic et al., 1997).
As seen from Table 3.5, the isolated candidates were examined for their aptitude to

tolerate the phenolic environment. A phenol tolerance test was performed in 0.4% of

phenol concentration. It was observed that Lactobacillus isolated from kefir samples
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could endure 0.4% phenol. These results have the similarities with results of Elizete
and Carlos (2005) and Hoque et al (2010).

Vizoso Pinto et al (2006) found different ratios of sensitivity for 4 strains of L.
johnsonii and 6 strains of L. plantarum against 0.4% phenol concentration while L.
plantarum strains were less sensitive. Our results indicate a good tolerance of all
tested strains towards phenol even if the growth in the presence of phenol is lower

than the growth without phenol.

3.7.5 Lactose Utilization

The isolates were screened for their capacity to grow in medium supplemented with
lactose. Change in color from red to yellow indicates the conversion of lactose to
lactic acid and all the tested isolates can ferment lactose as shown in (Table 3.5).

Lactose utilization of isolated LAB was described by Ahmed and Kanwal (2004).
This test detects the importance of probiotic bacteria for lactose-intolerant people
who have a deficiency of enzyme galactosidase. When they use lactose-containing
products, symptoms including cramps, diarrhoea, abdominal pain can happen. Most
of the studies conclude that the addition of certain probiotics to milk products and
kefir will helps these people to ingest those products without having any symptoms
(Scheinbach 1998; Fooks et al., 1999).

3.7.6 The Proteolytic Activity of LAB

Proteins and peptides are the basic structures and composed of 20 amino acids.

Proteases are enzymes that stimulate the hydrolysis of peptide bonds in proteins and
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polypeptide forming peptides and amino acids for bacterial growth (Christensen et
al., 1999).

All of the isolated bacteria that gave positive results in the previous microscopic and
biochemical tests belonged to the genus Lactobacillus. They were examined for their
protease activity by screening on skim milk agar by agar-well diffusion method at
37°C after 48 h (Phyu et al., 2015). Proteolytic activity is a very essential
characteristic of the LAB. It could be detected by measuring the diameter of the
clear zone on skim milk agar. In the current study, the diameter of the clear zone
confirmed that all isolates could hydrolyze casein by production of a protease
enzyme. Similar results were noted by Atanasova et al (2014) and Phyu et al.,
(2015). However, they varied in the efficiency of casein hydrolysis. The strains K2-
3, K2-14, K4-6a, K5-3, K5-3a, K5-14, K5-15, and K6-14 formed a large clear zone
from 31 to 33 mm around the colonies. The strain K5-14 produced the largest visible
zone. These results were demonstrated by quantitative determination of the
proteolytic activity as shown in Table 3.6 and Figure 3.19.

Figure 3.19 Proteolysis activity for Lactobacillus isolates.
a (K6-14), b (K2-4a), ¢ (K5-3)
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Table 3.6 Proteolytic activity and bile salt tolerance test.

No Isolate Bile salt tolerance test Proteolysis
name Taurodeoxycholic acid Glycocholic acid (diameter of
0.5% (w/v) 0.5% (wW/v) clear zone

mm)
1 K2-2a + + 29
2 K2-3 ++ + 34
3 K2-3a + + 28
4 K2-4 ++ ++ 29
5 K2-4a ++ ++ 28
6 K2-14 ++ ++ 33
7 K3-2a + + 25
8 K3-3a + + 28
9 K3-8b2 + + 24
10 K3-13b + + 27
11 K3-20 ++ ++ 23
12 K3-20a + + 21
13 K3-28 + + 23
14 K4-6a ++ + 30
15 K4-16 + + 25
16 K4-17 ++ ++ 25
17 K4-28 ++ + 20
18 K5-3 ++ + 30
19 K5-3a + + 31
20 K5-5a + + o5,
21 K5-11 + + 30
22 K5-14 ++ + 35
23 K5-15 + + 33
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Table 3.6 Proteolytic activity and bile salt tolerance test (continued).

No Isolate name Bile salt tolerance test Proteolysis

Taurodeoxycholic acid ~ Glycocholic acid (diameter of
0.5% (wi/v) 0.5% (wiv) clear zone mm)

24 K6-1 + ++ 25

25 K6-3a + + 30

26 K6-6a + + 25

27 K6-7 + + 29

28 K6-9a + + 23

29 K6-12 + ++ 21

30 K6-14 ++ + 32

(++) good growth, (+) less growth, (-) No growth

3.7.7 Bile Salt Tolerance Test

Bile salt is found in bile and secreted by liver cells to help in digestion. It can play a
significant role in fat emulsification and cause segregation of the lipid bilayer,
integral protein, and phospholipids of bacterial cell membranes resulting in a

decrease in bacterial content and cell death (Burns et al., 2008).

The ability of LAB to survive in the small intestine and grow in the presence of bile
salts is one of the most crucial properties to play their effective role as probiotics. In
the small intestine, the bile salt concentration is about 0.2% to 0.3%, and it can
increase up to 2% (w/v). It depends on the type and amount of the ingested food
(Bakari et al., 2011). Bile resistance of some strains is related to the activity of bile
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salt hydrolase enzyme which helps hydrolyze conjugated bile to decrease its toxic
effect (Du Toit et al., 1998).

BSH
Conjugated bile acid ————— Unconjugated bile acid + glycine \ taurine

l

precipitate

In a recent study, all Lactobacillus cultures were grown on bile salt-MRS agar plate
containing 0.5% (w/v) taurodeoxycholic and glycholic acid. They produced free
cholic acid with white precipitate around active colonies and spreaded into the
medium. These results are in accordance with other work that checked the activity of
bile salt hydrolase activity (BSH) for some probiotic lactobacilli and all tested strains
gave BSH-positive (Ahn 2003; Begley 2006; Deshpande et al.,2014).

Results for bile salts tolerance test are seen in Table (3.6). Based on the result, these
isolates may be beneficial for use as probiotic organisms because all the isolates can
tolerate and grow in 0.5 % bile salt concentration. A concentration of 0.3% of bile
salts is close nearly to the bile level of the gastrointestinal tract (Golden and
Gorbach, 1992). The presence of the food matrix may also maintain the bacteria
from the bile effect and leads to improving the bile resistance of the strains (Begley
et al. 2005). The bile salt tolerance test of Lactobacilluis colonies is demonstrated
(Figure 3.20).
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Figure 3.20 Bile salt hydrolase activity by lactobacilli on solid MRS. The greatest
precipitations were by 1 (K2-4) , 21 (K4-17), and 23 (k3-13b)

The greatest precipitation for both bile salts was in the case of K2-4, k3-13b, and k4-
17. According to Xanthopoulos et al (1997), the ability to tolerate bile salts varies a
lot between the LAB species and among strains themselves. This is similar to the

results in the recent study.

Leite (2015) tested 37 isolates by a plate assay for resistance to different bile
concentrations ranging from 0.3 to 2% and 34 isolates were grown in 0.3%. These

results are in accordance with the results of the recent study.

3.7.8 Carbohydrates Fermentation Test

The main task of the carbohydrate fermentation test is to examine the ability of
bacteria to ferment different types of sugars. This test was done using 1% (w/v)
sugar in MRS broth (sucrose, glucose, lactose, maltose, and mannitol). Phenol red
broth base medium was prepared as an indicator to identify the bacteria according to

their sugars fermentation. Table 3.7 shows that all the isolated bacteria fermented
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sucrose, glucose, and lactose, but some isolates could not ferment mannitol and
maltose. 8 of 30 isolates could ferment all types of sugars with gas production from
glucose fermentation as K2-2a, K2-4, k3-2a, K3-20, K5-5a, K5-11, K6-3a and K6-
14,

Gas production was detected in durhum tubes from glucose fermentation. Some
isolates could not produce gas from glucose fermentation. Bogdan et al (2014)
discovered that all the isolates belonging to Lactobacillus paracasei ssp paracasei
strains could ferment ribose, galactose, glucose, fructose, mannose, lactose,
mannitol, and maltose. Our L. paracasei isolates which were identified by 16 S
rDNA sequencing showed similar results in a way that they fermented glucose,

lactose, sucrose, maltose and mannitol.
Phyu and Aye (2015) also examined the ability of LAB isolated from various

yogurts and fermented products to ferment sugars consisting dextrose, glucose,

lactose, maltose, fructose, raffinose, galactose, and xylose.

Table 3.7 Carbohydrates fermentation patterns of isolates

Isolate Isolate Glucose Sucrose Lactose Maltose Mannitol
No name Acid Gas Acid Acid Acid Acid

1 K2-2a + + + + + +
2 K2-3 + - + + + +
3 K2-3a + - + + +

4 K2-4 + + + + + +
5 K2-4a + - + + + +
6 K2-14 + - + + + +
7 K3-2a + + + + + +
8 K3-3a + - + + + +
9 K3-8h2 + + + + +
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10 K3-13b + - + + - -

Table 3.7 Carbohydrates fermentation patterns of isolates (continued)

Isolate Isolate Glucose Sucrose Lactose Maltose Mannitol
No name Acid Gas Acid Acid Acid Acid
11 K3-20 + + + + + +
12 K3-20a + + + + - -
13 K3-28 + + + + - +
14 K4-6a + - + + + -
15 K4-16 + + + + - -
16 K4-17 + + + + - -
17 K4-28 + - + + - -
18 K5-3 + + + + - -
19 K5-3a + + + + - -
20 K5-5a + + + + + +
21 K5-11 + + + + + +
22 K5-14 + + + + - -
23 K5-15 + + + + - -
24 K6-1 + + + + - +
25 K6-3a + + + + + +
26 K6-6a + + + + + -
27 K6-7 + + + + - -
28 K6-9a + + + + - -
29 K6-12 + + + + - -
30 K6-14 + + + + + +

Mangalore (2015) used 22 different carbohydrates for identifiying the LAB. They
showed positive results for acid fermentation of different sugars such as glucose,
sucrose, maltose, mannitol, and lactose. These results have some similarity with our
results. Also, Khedid et al (2009) examined 12 isolates of L. helveticus which
fermented glucose, lactose, and galactose, 45% fermented mannose, 38% of isolates

used maltose, and only a few fermented trehalose. Table 3.8 shows fermentation of
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different sugars by our Lactobacillus isolates and identification according to the

sugar fermentation results of other studies.

Table 3.8 Fermentation of sugars by Lactobacillus isolates and references

Isolates Fermented sugars LAB References
K2-2a, k2-3, k2-4, k2-4a, Glucose (acid formation), L. casei Shafakatullah
k2-14, k3-2a, k3-3a, k3-20 sucrose, lactose, maltose, and Chandra
k5-5a, k5-11, k6-3a, k6-14 mannitol
2015
L. plantarum Asmahan, A.
L. paracasei (2011).
K2-2a, k2-4, k3-2a, k3-20, Glucose(acid and gas L.brevis Abdel-Rahman
k5-5a, k5-11, k6-3a, k6-14 formation), sucrose, etal. 2011
lactose, maltose, mannitol
K2-3, k2-4a, Glucose (acid and no gas L. acidophilus Hassan et al.,
formation), sucrose, 2014
k2-14, k3-3a lactose, maltose,mannitol
K2-3a, K4-6a, K6-6a Glucose, sucrose, lactose, L. mesenteroides  Gebreselassie et
maltose al., 2016
K3-8b2, k3-28, k6-1 Glucose, sucrose, lactose, L. bulgaricus Askari M. et
mannitol al., 2019
K3-13b, k3-20a, k4-16, k4- Glucose, sucrose, lactose L. brevis Gebreselassie et

17, k4-28, k5-3,
k5-3a, k5-14, k5-15,
k6-7, k6-9a, k6-12

al., 2016

3.8 16S rRNA Gene Sequencing of Lactobacillus Isolates

There are some difficulties in the identification of LAB with phenotypic methods

because strains of the same species can display phenotypic change (Drancourt et al.,

2000). Therefore, it is essential to perform genotypic identification of the results

after the phenotypic identification methods.
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After the confirmation of the amplification of 500-1000 bp amplified region of 16S
rRNA gene with gel electrophoresis, the PCR products were subjected to sequencing
analysis. This procedure was done by BM Laboratuvar Sistemleri in Ankara, Turkey.
Figure 3.21 shows the gel electrophoresis of genomic DNA extracted from
Lactobacillus isolates.

17 16 15 14 1312 - TISI0RSEN S famGEES 4 3. 2 1 M

1000 bp

Figure 3.21 Agarose gel electrophoreses of PCR products using 27F - 1492R as universal primers and
the marker is the 100 bp DNA. 1(K3-8b2), 2( K6-7), 3(K4-16), 4(K5-3), 5(K3-13b), 6(K4-28),
7(K6-12), 8(K3-20a), 9(K2-4), 10(K3-28), 11(K2-3), 12(K5-11), 13(K3-20a), 14(K4-17), 15(K6-
14),16(K5-15),17(K2-14).

3.9 BLAST Analysis and Multiple Sequence Alignment

Thirty isolates from 5 samples of kefir and milk samples (K2, K3, K4, K5, and K6)
were identified using 16S rRNA gene sequencing. Partial 16S rRNA was obtained
after sequencing, recovered in FASTA format, and subjected for BLAST search in
The National Center for Biotechnology Information Gen Bank (NCBI). The partial
16S rRNA sequences in the FASTA format are shown in the appendix.
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BLAST result identified 22 of 30 isolates as L. paracasei subsp. tolerans strain
NBRC 15906, 7 isolates were L. gallinarum strain ATCC 33199 and one isolate was
L. helveticus strain NBRC 15019. The percent identity between the 22 isolates and L.
paracasei subsp. tolerans strain NBRC 15906 is in range of 97% -100%.

The BLAST analysis results of all isolates are shown in Table (3.9), (3.10), (3.11),
(3.12) and (3.13).

Table 3.9 BLAST analysis and alignment results for K2 (Ankara kefir) isolates

Query  Reference strain Accession number Identification
No  strain (Sequence ID) percentage %
1 L. gallinarum strain ATCC 33199 NR_042111.1 99.22
K2-2a L. helveticus strain NBRC 15019 NR_1137191.1 99.05
L. acidophilus strain NBRC 13951 NR_113638.1 97.93
2 L. intestinalis strain TH4 NR_117071.1 98.27
*K2-3 L. gallinarum strain ATCC 33199  NR_042111.1 99.19
L. helveticus strain NBRC 15019 NR_1137191.1 99.01
L. gallinarum strain ATCC 33199  NR_042111.1 99.45
K2-3a L. helveticus strain NBRC 15019 NR_1137191.1 99.36
3 L. acidophilus strain NBRC 13951 NR_113618.1 98.08
L. paracasei subsp. tolerans strain NR_041054.1 99.67
K2-4 NBRC 15906
4 L. zeae strain RIA 482 NR_037122.1 98.69
L. casei strain NBRC 15883 NR_113333.1 98.60

(*isolates identified by alignment using the Clustal omega program)

103


https://www.ncbi.nlm.nih.gov/nucleotide/NR_042111.1?report=genbank&log$=nuclalign&blast_rank=1&RID=UP38325N01R
https://www.ncbi.nlm.nih.gov/nucleotide/NR_117071.1?report=genbank&log$=nuclalign&blast_rank=7&RID=VK6PRFVS014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_042111.1?report=genbank&log$=nuclalign&blast_rank=1&RID=UP38325N01R
https://www.ncbi.nlm.nih.gov/nucleotide/NR_042111.1?report=genbank&log$=nuclalign&blast_rank=1&RID=UP38325N01R
https://www.ncbi.nlm.nih.gov/nucleotide/NR_041054.1?report=genbank&log$=nuclalign&blast_rank=1&RID=1KVT9U9X016
https://www.ncbi.nlm.nih.gov/nucleotide/NR_037122.1?report=genbank&log$=nuclalign&blast_rank=5&RID=UN49FZA6014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113333.1?report=genbank&log$=nuclalign&blast_rank=6&RID=TVPMF890014

Table 3.9 BLAST analysis and alignment results for K2 (Ankara kefir) isolates

(continued)

Query  Reference strain Accession number  Identification
No  strain (Sequence 1D) percentage %
K2-4a L. gallinarum strain ATCC 33199 NR_042111.1 99.05
L. helveticus strain NBRC 15019 NR_113719.1 99.87
L.crispatus strain DSM 20584 NR_119274.1 98.30
L. amylovorus DSM 20531 NR_117064.1 98.20
K2-14 L. gallinarum strain ATCC 33199  NR 042111.1 99.43
L. helveticus strain NBRC 15019 NR 113719.1 99.24
L. crispatus strain DSM 20584 NR 119274.1 98.67

Table 3.10 BLAST analysis and alignment results for K3 (Ankara kefir) isolates

Query strain  Reference strain Accession number  Identification

No (Sequence ID) percentage %
7 K3-2a L. paracasei subsp. tolerans strain - N\R 041054.1 99.73
NBRC 15906 NR 037122.1 98.64
L. zeae strain RIA 482 NR 113333.1 98.55

L. casei strain NBRC 15883

8 K3-3a L. gallinarum strain ATCC 33199 NR_042111.1 99.19
L. helveticus strain NBRC 15019 NR_113719.1 99.01
L. acidophilus strain NBRC NR_113638.1 89.20
13951
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https://www.ncbi.nlm.nih.gov/nucleotide/NR_042111.1?report=genbank&log$=nuclalign&blast_rank=1&RID=US3KCWCS015
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113719.1?report=genbank&log$=nuclalign&blast_rank=4&RID=US3KCWCS015
https://www.ncbi.nlm.nih.gov/nucleotide/NR_119274.1?report=genbank&log$=nuclalign&blast_rank=7&RID=US3KCWCS015
https://www.ncbi.nlm.nih.gov/nucleotide/NR_117064.1?report=genbank&log$=nuclalign&blast_rank=10&RID=US3KCWCS015
https://www.ncbi.nlm.nih.gov/nucleotide/NR_042111.1?report=genbank&log$=nuclalign&blast_rank=1&RID=US3KCWCS015
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113719.1?report=genbank&log$=nuclalign&blast_rank=4&RID=US3KCWCS015
https://www.ncbi.nlm.nih.gov/nucleotide/NR_119274.1?report=genbank&log$=nuclalign&blast_rank=7&RID=US3KCWCS015
https://www.ncbi.nlm.nih.gov/nucleotide/NR_041054.1?report=genbank&log$=nuclalign&blast_rank=1&RID=TVPE5R1T014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_037122.1?report=genbank&log$=nuclalign&blast_rank=5&RID=UN49FZA6014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113333.1?report=genbank&log$=nuclalign&blast_rank=6&RID=TVPMF890014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_042111.1?report=genbank&log$=nuclalign&blast_rank=1&RID=UP38325N01R
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113719.1?report=genbank&log$=nuclalign&blast_rank=4&RID=US3KCWCS015

Table 3.10 BLAST analysis and alignment results for K3 (Ankara kefir) isolates

(continued)

Query strain  Reference strain Accession number  Identification
No (Sequence ID) percentage %
9 K3-8b2 L. paracasei subsp. tolerans strain  NR_041054.1 99.51
NBRC 15906
L. zeae strain RIA 482 NR_037122.1 98.52
L. casei strain NBRC15883 NR_113333.1 98.44
L. rhamnosus strain NBRC 3425 NR 113332 98.25
10 K3-13b L. paracasei subsp. tolerans strain  NR_041054.1 99.23
NBRC 15906 NR_037122.1 98.44
L. zeae strain RIA 482 NR_113333.1 98.35
L. casei strain NBRC 15883 NR 113332.1 98.34

L. rhamnosus strain NBRC 3425

11 K3-20 L. paracasei subsp. tolerans strain  NR_113337.1 99.80
NBRC 15889
L. zeae strain RIA 482 NR_037122.1 99.69
L. casei strain NBRC 15883 NR_113333.1 99.69
L. rhamnosus strain NBRC 3425  NR 113332 99.69
12 K3-20a L.paracasei subsp. tolerans strain NR_041054.1 99.75
NBRC 15906
L. zeae strain RIA 482 NR_037122.1 98.86
L. casei strain NBRC 15883 NR_113333.1 98.74
L. rhamnosus strain NBRC 3425 NR 113332.1 98.36
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https://www.ncbi.nlm.nih.gov/nucleotide/NR_041054.1?report=genbank&log$=nuclalign&blast_rank=1&RID=TVPE5R1T014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_037122.1?report=genbank&log$=nuclalign&blast_rank=5&RID=UN49FZA6014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113333.1?report=genbank&log$=nuclalign&blast_rank=6&RID=TVPMF890014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_041054.1?report=genbank&log$=nuclalign&blast_rank=1&RID=TVPE5R1T014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_037122.1?report=genbank&log$=nuclalign&blast_rank=5&RID=UN49FZA6014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113333.1?report=genbank&log$=nuclalign&blast_rank=6&RID=TVPMF890014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_041054.1?report=genbank&log$=nuclalign&blast_rank=1&RID=TVPE5R1T014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_037122.1?report=genbank&log$=nuclalign&blast_rank=5&RID=UN49FZA6014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113333.1?report=genbank&log$=nuclalign&blast_rank=6&RID=TVPMF890014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_041054.1?report=genbank&log$=nuclalign&blast_rank=1&RID=TVPE5R1T014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_037122.1?report=genbank&log$=nuclalign&blast_rank=5&RID=UN49FZA6014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113333.1?report=genbank&log$=nuclalign&blast_rank=6&RID=TVPMF890014

Table 3.10 BLAST analysis and alignment results for K3 (Ankara kefir) isolates

(continued)

Query strain  Reference strain Accession number Identification

No (Sequence ID) percentage %
13 K3- 28 L. paracasei subsp. tolerans NR_041054.1 99.92
strain NBRC 15906
L. zeae strain RIA 482 NR_037122.1 98.91
L. casei strain NBRC 15883 NR_113333.1 98.82
L. rhamnosus strain NBRC 3425 NR 113332.1 98.49

Table 3.11 BLAST analysis and alignment results for K4 (Kyrgyzstan) isolates

No Query  Reference strain Accession number  Identification
strain (Sequence ID) percentage %

14 K4-6a L. helveticus NBRC 15019 NR_113719.1 99.66

L. gallinarum strain ATCC 33199 NR_042111.1 99.66

L. acidophilus strain NBRC 13951 NR_113638.1 98.37
15 K4-16 L. paracasei strain ATCC NR 117987 99.73

25302

L. zeae strain RIA 482 NR_037122.1 98.98

L. casei strain NBRC 15883 NR_113333.1 98.65
16 K4-17 L. paracasei subsp. tolerans NR_113337.1 99.81

strain NBRC 15889

L. zeae strain RIA 482 NR_037122.1 99.72

L. casei strain NBRC 15883 NR_113333.1 99.72
17 K4-28 L. paracasei strain NBRC 15906 NR_041054.1 99.50

L. zeae strain RIA 482 NR_037122.1 98.49

L. casei strain NBRC 15883 NR_113333.1 98.41
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https://www.ncbi.nlm.nih.gov/nucleotide/NR_041054.1?report=genbank&log$=nuclalign&blast_rank=1&RID=TVPE5R1T014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_037122.1?report=genbank&log$=nuclalign&blast_rank=5&RID=UN49FZA6014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113333.1?report=genbank&log$=nuclalign&blast_rank=6&RID=TVPMF890014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_037122.1?report=genbank&log$=nuclalign&blast_rank=5&RID=UN49FZA6014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113333.1?report=genbank&log$=nuclalign&blast_rank=6&RID=TVPMF890014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_041054.1?report=genbank&log$=nuclalign&blast_rank=1&RID=TVPE5R1T014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_037122.1?report=genbank&log$=nuclalign&blast_rank=5&RID=UN49FZA6014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113333.1?report=genbank&log$=nuclalign&blast_rank=6&RID=TVPMF890014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_037122.1?report=genbank&log$=nuclalign&blast_rank=5&RID=UN49FZA6014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113333.1?report=genbank&log$=nuclalign&blast_rank=6&RID=TVPMF890014

Table 3.12

BLAST analysis and alignment results for K5 (Istanbul kefir) isolates

No Query Reference strain Accession number  Identification
strain (Sequence ID) percentage %
18 K5-3 L. paracasei strain NBRC 15906 NR_041054.1 99.43
L. zeae strain RIA 482 NR_037122.1 98.45
L. casei strain NBRC 15883 NR_113333.1 98.37
L. rhamnosus strain NBRC 3425 NR_113332.1 98.05
19 K5-3a L. paracasei strain NBRC 15889 NR_113337.1 99.75
L. zeae strain RIA 482 NR_037122.1 99.00
L. casei strain NBRC 15883 NR_113333.1 98.92
L. rhamnosus strain NBRC 3425 NR_113332.1 98.59
20 K5-5a L. paracasei strain NBRC158889 NR_113337.1 99.91
L. zeae strain RIA 482 NR_037122.1 99.09
L. casei strain NBRC 15883 NR_113333.1 99.00
L. rhamnosus strain NBRC 3425 NR_113332.1 98.54
21 K5-11 L. paracasei strain NBRC 15889 NR_113337.1 99.65
L. zeae strain RIA 482 NR_037122.1 99.47
L. casei strain NBRC 15883 NR_113333.1 99.47
L. rhamnosus strain NBRC 3425 NR_113332.1 99.47
22 *K5-14 L. zeae strain RIA 482 NR_037122.1 99.21
L. paracasei strain NBRC 15889 NR_113337.1 99.30
L. casei strain NBRC 15883 NR_113333.1 99.21
23 *K5-15 L. zeae strain RIA 482 NR_037122.1 98.71
L. paracasei strain NBRC 15889 NR_113337.1 98.79
L. casei strain NBRC 15883 NR_113333.1 98.71

(*isolates identified by alignment using the Clustal omega program)
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https://www.ncbi.nlm.nih.gov/nucleotide/NR_037122.1?report=genbank&log$=nuclalign&blast_rank=5&RID=UN49FZA6014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113333.1?report=genbank&log$=nuclalign&blast_rank=6&RID=TVPMF890014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113332.1?report=genbank&log$=nuclalign&blast_rank=9&RID=TVPPS4P1014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_037122.1?report=genbank&log$=nuclalign&blast_rank=5&RID=UN49FZA6014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113333.1?report=genbank&log$=nuclalign&blast_rank=6&RID=TVPMF890014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113332.1?report=genbank&log$=nuclalign&blast_rank=9&RID=TVPPS4P1014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_037122.1?report=genbank&log$=nuclalign&blast_rank=5&RID=UN49FZA6014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113333.1?report=genbank&log$=nuclalign&blast_rank=6&RID=TVPMF890014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113332.1?report=genbank&log$=nuclalign&blast_rank=9&RID=TVPPS4P1014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_037122.1?report=genbank&log$=nuclalign&blast_rank=5&RID=UN49FZA6014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113333.1?report=genbank&log$=nuclalign&blast_rank=6&RID=TVPMF890014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113332.1?report=genbank&log$=nuclalign&blast_rank=9&RID=TVPPS4P1014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_037122.1?report=genbank&log$=nuclalign&blast_rank=6&RID=UNK0EZZT014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113333.1?report=genbank&log$=nuclalign&blast_rank=6&RID=TVPMF890014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_037122.1?report=genbank&log$=nuclalign&blast_rank=6&RID=UNK0EZZT014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113333.1?report=genbank&log$=nuclalign&blast_rank=6&RID=TVPMF890014

Table 3.13 BLAST analysis and alignment results for K6 (Istanbul kefir) isolates

No  Query  Reference strain Accession number Identification
strain (Sequence ID) percentage %
24 K6-1 L. paracasei subsp. tolerans strain NR_041054.1 97.08
NBRC 15906 96.06
L. zeae strain RIA 482 NR_037122.1
L. casei strain NBRC 15883 NR_113333.1 95.96
25  *K6-3a L. helveticus strain NBRC 15019 NR_113719.1 99.22
L. gallinarum strain ATCC 33199 NR_042111.1 99.39
L. acidophilus strain NBRC 13951 NR_113638.1 98.09
26 K6-6a L. paracasei subsp. tolerans strain NR_0410541.1 99.52
NBRC 15906
L. zeae strain RIA 482 NR_037122.1 98.45
L. casei strain NBRC 15883 NR_113333.1 98.36
27 K6-7 L. paracasei subsp. tolerans strain NR_0410541.1 99.42
NBRC 15906
L. zeae strain RIA 482 NR_037122.1 98.44
L. casei strain NBRC 15883 NR_113333.1 98.36
28 K6-9a L. paracasei subsp. tolerans strain NR_0410541.1 99.98
NBRC 15906
L. zeae strain RIA 482 NR_037122.1 98.04
L. casei strain NBRC 15883 NR_113333.1 97.96
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https://www.ncbi.nlm.nih.gov/nucleotide/NR_041054.1?report=genbank&log$=nuclalign&blast_rank=1&RID=V5U9EWUB015
https://www.ncbi.nlm.nih.gov/nucleotide/NR_037122.1?report=genbank&log$=nuclalign&blast_rank=5&RID=V5V3Y72S015
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113333.1?report=genbank&log$=nuclalign&blast_rank=6&RID=TVPMF890014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113719.1?report=genbank&log$=nuclalign&blast_rank=4&RID=VB9RH7C0015
https://www.ncbi.nlm.nih.gov/nucleotide/NR_042111.1?report=genbank&log$=nuclalign&blast_rank=1&RID=VBD43F8P015
https://www.ncbi.nlm.nih.gov/nucleotide/NR_037122.1?report=genbank&log$=nuclalign&blast_rank=5&RID=UN49FZA6014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113333.1?report=genbank&log$=nuclalign&blast_rank=6&RID=TVPMF890014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_037122.1?report=genbank&log$=nuclalign&blast_rank=5&RID=UN49FZA6014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113333.1?report=genbank&log$=nuclalign&blast_rank=6&RID=TVPMF890014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_037122.1?report=genbank&log$=nuclalign&blast_rank=5&RID=UN49FZA6014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113333.1?report=genbank&log$=nuclalign&blast_rank=6&RID=TVPMF890014

Table 3.13 BLAST analysis and alignment results for K6 (Istanbul kefir) isolates

(continued)

No  Query strain Reference strain Accession number  Identification
(Sequence 1D) percentage %
29  K6-12 L. paracasei subsp. tolerans strain  NR_117987.1 99.25
ATCC 25302 98.41
L. zeae strain RIA 482 NR_037122.1 98.23
L. casei strain NBRC 15883 NR_113333.1
30 *K6-14 L. rhamnosus strain NBRC 3425 NR_113332.1 99.45
L. paracasei subsp. tolerans strain  NR_0410541.1 99.54
NBRC 15906
L. zeae strain RIA 482 NR_037122.1 99.45
L. casei strain NBRC 15883 NR_113333.1 99.45

(*isolates identified by alignment using the Clustal omega program)

Phylogenetic relationship of all isolated microorganisms was analyzed with other
partial 16S rRNA sequences of similar microorganisms that exist in the gene bank
database. The sequences of closely related Lactobacillus sp. were matched under
Multiple Sequence Alignment (MSA) using the Clustal Omega program to identify
the differences in DNA base sequences. The identical nucleotides for a given

position were marked with * (asterisk). The output data is shown in the Appendix.

This method suffers from the difficulties during identification methods especially for
strains of the same species. Performing the 16S rRNA sequencing in one direction is
acceptable for species identification, however it is not successful on differentiation
at the strain level.

The MSA was performed after the BLAST analysis to all isolates because of the
high similarity between them. This alignment was useful to differentiate some
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https://www.ncbi.nlm.nih.gov/nucleotide/NR_037122.1?report=genbank&log$=nuclalign&blast_rank=5&RID=UN49FZA6014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113333.1?report=genbank&log$=nuclalign&blast_rank=6&RID=TVPMF890014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113332.1?report=genbank&log$=nuclalign&blast_rank=2&RID=UN9DBYME01R
https://www.ncbi.nlm.nih.gov/nucleotide/NR_037122.1?report=genbank&log$=nuclalign&blast_rank=5&RID=UN49FZA6014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_113333.1?report=genbank&log$=nuclalign&blast_rank=6&RID=TVPMF890014

isolates as (K2-3, K5-14, K5-15, K6-3a, and K6-14). Finally, after performing
BLAST and MSA, it was found that 19 out of 30 isolates had 97-100% similarity
under the group of L. paracasei sp. and closely related to identified organism L.
paracasei subsp. tolerans strain NBRC 15906. Five isolates had homology with L.
gallinarum strain ATCC 33199, two isolates were identified according to alignment
as L. helveticus strain NBRC 15019, two isolates were closely related to L. zeae
strain RIA 482, one isolate had homology to L. intestinalis strain TH4 while the last

one isolate was identified as L. rhamnosus strain NBRC 3425.

Multiple Sequence Alignment was successfully used to compare between k6-3a, L.
helveticus strain NBRC 15019, and L. gallinarum strain ATCC 33199. k6-3a has
indicated highest similarity to L. gallinarum strain ATCC 33199 using Blast
analysis. However, it was closely related to L. helveticus sequence using Clustal
Omega program as shown in Figure 3.22

L.helver AT e e T T TTTTCT T AT AR AR GEAGACT LA TTCCAT G TCTAGOGET S
k6-3a AT AR T eI T T T T T T AT AR ARG GACT AR TTOCAT G TS TAGCGETS
L.gallin AT ORI eTTTTTCT T GAGT G AGA AGRGERAGAGT GERACTCCATGTETAGOGET G

g g g g S S e S L R TS e e S
L.helver AR TEOGTAATATAT AR GA R A CAGT G CRARGEORACT CICT G TCTZCAACTGR
kit-3a AT GOGTAGATATAT ARG A A O CACT GG RGGOCACT CTCTGETCTGCAACT R
L.gallin AT GOGTAGETATATGEARGA R C A AT GEUGRARGEOGGCTCICT G TCTGCAACT G

Ll S

Figure 3.22 The alignment of the 16S rRNA gene of Lactobacillus isolate k6-3a with bases of L.

helveticus and L. gallinarum.

The MSA identification of k6-3a as L. helveticus was confirmed by 2 ways 16s
rRNA sequencing (Table 3. 14)

In addition, k2-3 isolate was aligned with the sequences of L. gallinarum strain
ATCC 33199 adapted from NCIB blast by using Clustal Omega program. K2-3 is
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similar to L. intestinalis more than L. gallinarum and L.helveticus by Multiple

Sequence Alignment as seen in Figure 3.23

-2 W FTACAAGECCCEEERARACGTATTCACCGUGECCMTCTGAT —COGCGATTACT
L.inteat AGRTARGTCT AT T GARAGCCCCCGECTTARC CGAGLARNT GCATCGERRACTGTGTTT
L.gallin FRATAAGTCT AT T GRARRGCCCT G TTARCCGAGRARCT GCATCGGRARACTGTTTITT
L.helver FRATAAGTCT AT T GRARRGCCC TG TTARCCGAGRARCT GCATCGGRRACTGTTTITT
* * * kk kk kkkk Kk * * * *

k=3 AGCEATTCCAGCTTOGTGCAGT CRAGT TR AGACTGCAGT COGARACT GAGRACAGCTTTC
L.inkest TR GT AR ARG ARACT GRA L CTOCAT T CTAGCGET RAAT GUGTAGATATAT G
L.gallin TR GT A ARG ARRACT GRA N CTOCAT T CTAGCGET RAAT GUGTAGATATATG
L.helven CTTEAGT G AR CAGEARRAGT GRA AT TOCAT TG TAGCGET FEAAT GUGTAGATATATS
Kk Kk Kk & Kkk Kk % kN K ok k% ok K Kk %

ke=3 AGRG-ATTOGCT TGO CTTOGCAGEC TG TTCTCGTRGT ——ACTGCC——CATTGTAGCAC
L.inkest ARG ARG T GEC ARG TCTCT T CT A ACT GRACGIT GAGGCTOGARRAGT
L.gallin FRRGRACACCAGT e ARG TCTC TG T CTGCARCT GRACGCT GAGEITOGARAGT
L.helvetr FR R AL AT ARG GACTCTC TG TC TGO AR CTEACGCT GAGEITOGARAGT

k% & k k% & k k¥ kkk kK kk kk k k k

Figure 3.23. The alignment of the 16S rRNA gene of k2-3 isolate with bases of L. helveticus, L.

intestinalis, and L. gallinarum.

MSA was also used to compare isolate K5-14, L. casei, L. paracasei and L. zeae. It

was useful to find single nucleotide match between K5-14 and L. zeae (Figure 3.24)

L.zZeae CTARA-GGGTTACGCCACCGGCTTCGG-GTGTTACARACTCTCAT GGTGTRACGGGCGET
k5-14 CTARA-GGGTTACGCCACCGGCTTCGG-GTGTTACARACTCTCAT GGTGTI:CGGGCGGT
L.casel CTARA-GGGTTACGCCACCGGCTTCGG-GTGTTACARACTCTCAT GGTGT-ACGGGCGET
L. Earacasei AGCGGTGGAGCATGTGGTTTAAT TCGAAGCARCGCGAAGAACCTTACCAGGTCTTGACAT

&k &k kkkk Kk & kK &k L &

Figure 3.24 The alignment of the 16S rRNA gene of K5-14 isolate with bases of L. zeae, L. casei,

and L. paracsei.

MSA was also performed to compare K6-14, L. paracasei, L. zeae and L.
rhamnosus. One more nucleotide similarity was observed between k6-14 and L.
rhamnosus. However, low similarity was obtained with all species (Figure 3.25).
Therefore, this isolate could be a closely related new specie.
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L.paracasel T TARCCGRAG AR GO AT O A R A LT GEGRR A CTTGAGT GUAGR RGRGERACAGT 5

I.zeas CGECTTRAACCGRGEARGOGCATCGEARACTGEGRAACT TGAGTGCAGARGAGGACAGTGE

L. rhamonsus CGECTTRACCGRAGEARGTGCATCGEARACTGEGRAACT TGAGTGCAGARGAGGRACRAGTGE

k=14 TGETETEAC--GGECEETETGTACAAGGCCCEGEARCETATTCACCECGECETEC-—-TGR
kk k kk kk k ok & k k kk kkk ok k ok k ok & kk

Figure 3.25 The alignment of the 16S rRNA gene of K6-14 isolate with bases of L. zeae, L.

rhamnosus and L. paracsei.

MSA of K5-15, L. casei, L. paracasei and L. zeae has shown that K5-15 was closely
related to L. zeae with 3 nucleotides while similarity with 2 nucleotides was

observed with L. paracasei. As shown in Figure 3.26.

kE5-15 TTACGCC - ACCGGCT COAGT -G TTACAALE TCTCA - TGG- - THTGACGEECGETGT -0 TAC MGG COGGEARCETATT

1.zeae GLAAGTCGAACGAGTTTLGTCG - -ATGA R COGTGLTTGCATCG [ GA- - TTCAACTTAAAALGAGTGLLGLACGLETRAG

l.paracasei GLAAMATCGAACGAGTTE TCGTTG--ATGATCGGTGCTTRCACCGAGA- -TTCAMCATEE AACGAGTGLCGEACGEETGAG
- W N O WE  WE an W O W W W w x mw " . A WH W o

Figure 3.26 The alignment of the 16S rRNA gene of K5-15 isolate with bases of L. zeae, L. casei,

and L. paracsei.

Thus, allignement for K5-15 isolate gave contraversial result. This problem was
solved with 2 ways sequencing which allowed identification of this isolate as L.
paracasei (Table 3.14).

Some isolates were selected for two-directions sequencing of 16s rRNA as shown in
Table 3.14.
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Table 3.14 Results of one and two directions 16S rRNA sequencing and MSA

Isolate One direction of 16S Multiple Sequence two directionsof
name rRNA sequencing Alignment (MSA) 16S rRNA
sequencing
K2-3 L. gallinarum L. intestinalis L. gallinarum
K5-14 L.paracasei L.zeae L.paracasei
K5-15 L.paracasei L.zeae and\or L.paracasei
L.paracasei
K6-3a L. gallinarum L.helveticus L.helveticus
K6-14 L.paracasei L. rhamnosus L.paracasei

It is highly difficult to differentiate closely related species of Lactobacillus. In our
study, K2-3, K5-14, K5-15 and K6-14 were identified by 16S rRNA sequencing in
both one and two directions. On the other hand, K6-3a resulted in identification as
same species by MSA and sequencing in two directions. Meanwhile, MSA for K5-
15 indicated an ambiguous result in between two similar species of L. zeae and L.
paracasei whereas sequencing in two directions resulted in one of these species, L.
paracasei . These results demonstrated that MSA could also provide reliable results

in identification of some species.

113



L zeae -0.00356 RIA 482
L.casel -0.00613 NBRC 15883

— | paracasei 0.00613 ATCc 25302

L rhamnosus 0.00018 NBRC 3425

L.intestinalis 0.00635 TH4

| ————  Lgallinarum 0.00178 ATCC 33199

b Lhelveticus 0.00426 NBRC 15019
L acidophilus 0.00805 NBRC 15906

Figure 3.27 Phylogenetic tree of aligned 16S rRNA gene sequences for the known

species.

K2-3 0.04433
I K6-14 -0.00049
I K5-14 0.00048
K5-150.05433
I K6-3a -0.00601
L K2-3a 0.00971

Figure 3.28 Phylogenetic tree of aligned 16S rRNA gene sequences for some
isolates.

I KG-14 0.57828

| L.rhamnosus 0.00016
L. paracasei 0.00032
L.zeae -0.00033
L.casei 0.00033

Figure 3.29 Phylogenetic tree of aligned 16S rRNA gene sequences for K6-14 with

related known species.
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In fact, It is also hard to differentiate L. paracasei subsp. tolerans strain NBRC
15906, L. casei strain NBRC 15883, and L. zeae strain RIA 482 strains since they
are closely related. Salvetti et al (2012) and Huang et al (2018) demonstrated that L.
casel, L. paracasei, and L. rhamnosus comprise the L. casei group and these strains
are closely related in the phenotypic and genotypic properties. Also, there are
difficulties in identifying these species by the most used genotypic assay
of 16S rRNA gene sequencing. That was the reason for controversial taxonomic
status and nomenclature of this group. Furthermore, Desai (2006) presented that L.
casel, L. paracasei, L. zeae, and L. rhamnosus form a taxonomic group and had

difficulty to differentiate from each other using traditional methods.

16S rRNA gene sequences in many Lactobacillus species are too similar to be easily
distinguished. In particular, closely related species within the L. acidophilus group
(L. acidophilus, L. gallinarum, and L. helveticus), the L. casei group (L. casei, L.
paracasei, and L. rhamnosus), the L. plantarum group (L. plantarum, L.
paraplantarum, and L. pentosus), and the L. sakei group (L. sakei, L. curvatus, and
L. graminis) are hard to identify by 16S rRNA gene sequences. (Hung C., 2017 and
2018).

Based on 16S rRNA gene sequences, many subspecies previously known as L. casei
were reassigned into the other species. L. casei subsp. alactosus and L. casei subsp.
pseudoplantarum were rearranged to L. paracasei subsp. paracasei, and L. casei
subsp. tolerans was renamed as L. paracasei subsp. tolerans (Collins et al. 1989).
This may be explain the presence of many isolates of L. paracasei isolated from

kefir samples using partial 16S rRNA gene sequencing.

Kao et al (2007) outlined that both L. paracasei and L. rhamnosus were organized in
the L. casei group and their 16S rRNA sequence has 98% similarity so it is difficult
to differentiate them by conventional PCR procedure. Also, it was investigated that
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the classification of L. paracasei group (including L. casei, L. paracasei and L. zeae)
were regarded as members of the same group according to 16S rRNA gene
sequencing.

Skerman et al (1980) demonstrated that all L. casei strains in their study were
identifed as L. paracasei or L. casei by the result of 16S rRNA sequencing.

According to Stackebrandt and Goebel (1994), the strains presenting homology of at
least 97% might be identified as the same species. In our work, BLAST results of the
most isolates showed 99% or higher percentage of identity with both L. paracasei ,
L. casei, L. zeae, and L. rhamnosus. The same was happening between L. helveticus,
L. gallinarum, L. crispatus, and L. amylovorus. Fujisawa et al (1990) and Klein et al
(1998) classified the species L. acidophilus, L. crispatus, L. gallinarum, L. gasseri,
L. amylovorus, and L. johnsonii within the L. acidophilus/L. delbrueckii group.

(Kim et al., 2020) accomplished a genomic analysis of L. helveticus and L.
gallinarum and the result proved that L. gallinarum strain containing a unique gene
of L. helveticus). This result confirmed the similarity between L. helveticus and L.

gallinarum in our results of 16S rRNA sequencing.

The results of different identification methods are often ambiguous, due to the close
genetic relationship between species of L. acidophilus group and L. casei group, So
the development of a suitable method to identify these bacteria is necessary. Yu et al
(2012) have demonstrated a strategy using elongation factor (tuf gene), heat shock
protein gene and phenylalanyl-tRNA synthase to discriminate the closely related
species in L. acidophilus group, L. casei group and L. plantarum group.

The present results demonstrate that L. paracasei subsp. tolerans strain NBRC

15906 was the predominant species in Turkish and Kyrgyzstan samples and are in

line with the study of Magalhdes et al (2011) that L. paracasei was the most
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abundant bacterium in the Brazilian kefir sample. L. paracasei was also isolated and
identified from Turkish, Russian, Brazilian, and Argentinian kefir samples (Merih
and Evrim, 2015; Kotova et al., 2016; Magallhaes et al., 2011; Zanirati et al., 2015;
Garrote et al., 2001). These results confirmed the similarity between Turkish kefir
beverage with kefir samples from other regions. (Table 3.15)

L. gallinarum strain ATCC 33199 was the predominant species in K2 kefir from
Ankara. Four isolates (K2-2a), (K2-3a), (K2-4a), and (K2-14) were identified as L.
gallinarum from K2 and one isolate from K3 (K3-3a) was identified as L.
gallinarum. These results have some similarities with results of Kok-Tas et al (2012)

and Nalbantoglu et al (2014) that detected L. gallinarum in Turkish kefir grains.

From Taiwanese, Bulgarian, Brazilian, South African, and Turkish kefir grains and
beverages, L. helveticus were isolated and identified (Chin et al.,1999; Simova et al.,
2002; Leite et al., 2012; Zanirati et al., 2015; Witthuhn et al., 2004, 2005; Kok-Tas
et al., 2012; Nalbantoglu et al., 2014). This is in good agreement with our findings
for isolation of L. helveticus from (K4-6a) Kyrgyzstan milk product and (K6-3a)

from Istanbul kefir sample.

Table 3.16 shows a summary for the results of real-time PCR and results of
identification by 16S rRNA sequencing. L. paracasei was significant positive as
predominant probiotic bacteria in kefir with both assays. In the recent study, L.
paracasei was isolated and identified from all kefir samples and also it was detected
using real-time PCR in all samples including the commercial one, Turkish
homemade kefir samples, and Kyrgyzstan milk product. However, L. kefiri and L.
kefiranofaciens were predominant in real-time PCR in kefir samples, but our

investigations could not obtain any of them from the Lactobacillus isolation.
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Table 3.15 Summary for identification of isolates and references

Isolates Reference strain Identification Similar kefir References
percentage % samples
K2-4, K3-2a, L. paracasei 79.08- Brazilian, Merih and
K3-8b2, K3-13b, subsp. tolerans 99.91% Turkish, Evrim,2015;
K3-20, K3-20a, strain NBRC Russian, Kotova et al.,
K3- 28, 15906 Argentinian 2016;
K4-16, K4-17, Magallhaes et
K4-28, K5-3, al., 2011;
K5-3a, K5-5a, Zanirati et al.,
K5-11, K6-1, 2015;
K6-6a, K6-7, Garrote et
K6-9a, and K6-12 al., 2001
K2-2a, K2-3a, L. gallinarum 99.19- dairy products Tamime AY.
K2-4a, K2-14, strain ATCC 99.45% et al, 1005
K3-3a 33199
*K2-3 L. intestinalis 98.27% - -
strain TH4
K4-6a, *K6-3a L. helveticus strain ~ 99.23- Bulgarian Simova et al.,
NBRC 15019 99.66% Brazilan 2002
South African Leite etal.,
Turkish 2012;
Zanirati et al.,
2015
Witthuhn et
al.,
2004,2005
Kok-Tas et
al., 2012;
Nalbantoglu
etal., 2014
*K5-14, *K5-15 L. zeae strain RIA 99.21-99.71 - -
482
*K6-14 L. rhamnosus 99.45% Dairy products Woulters et al.

strain NBRC 3425

(2002)
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Some differences were found between the variety of Lactobacillus species detected
using real-time PCR and isolates identification according to 16S rRNA sequencing.
These differences are related to the high sensitivity and accuracy of real-time PCR
for detecting very minute amounts of bacterial cells which can not be isolated by
traditional cultivation methods (Mark et al., 2005).

In the present study, The microbial population of kefir and milk product samples was

detected, this proved that our samples had great variety in probiotic microorganisms.

Homemade kefir from Ankara (K2) had L. kefiri, L. kefiranofaciens, L. acidophilus,
L. delbrueckii subsp. bulgaricus, L. casei, L. paracasei, Saccharomyces cerevisiae,
L. Plantarum, L. gallinarium and L. zeae. The K2 is more rich in probiotic strains
than K3 from Ankara since L. delbrueckii subsp. bulgaricus, L. zeae, and L.

plantarum were not detected in K3 .
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Table 3.16 shows the results of real time PCR and isolation of kefir isolates

K1 (AOC) K2 (Ankara kefir) K3 (Ankara kefir) K4 (Kyrgyzstan) K5(Istanbul kefir) K6 (Istanbul kefir)
Lactobacillus RT. RT. Isolation RT. Isolation RT. Isolation RT.PCR Isolation RT. Isolation
isolates PCR PCR PCR PCR PCR
1 L. acidophilus + + + + + + - + - - -
(L. gallinarium) (k2-2a) (k2-3a) (k3-3a)
(k2-4a) (k2-14) (L.gallinarium)
(L.gallinarium)
2 L. casei + + - + - + - + - + -
3 L. paracasei + + + + + + + + + + +
(k2-4) (k3-2a) (k3-8b2) (k4-16) (K5-3) (k5-3a) (k6-1) (k6-6a)
(k3-13b) (k3-20) (k4-17) (k5-5a) (k6-7) (k6-9a)
(k3-20a) (k3-28) (k4-28) (k5-11) (k6-12)
4 L.delbrueckii + + - - - + - + N + _
subsp.
bulgaricus
5 L .kefiri + + - + - + - + - + -
6 L. kefiranofaciens + + - + - + - + - + -
7 L. fermentum - - - - - + - - - + -
8 L. plantarum + + - - - - - - - - -
9 S. cerevisiae - + - + - + - + - + -
10 S. thermophilus + - - + - + - + - + -
11 L. sobris - - - - - + - + - - -
\amylovorus
12 L. helveticus NT NT - NT - NT + NT - NT +
(k4-6a) (k6-3a)
13 L .intestinalis NT NT + NT - NT - NT - NT -
(K2-3)
14 L. zeae NT NT - NT - NT - NT + NT -
(K5-14)
(k5-15)
15 L .rhamnosus NT NT - NT - NT - NT - NT +
(k6-14)

+, detected and\or isolated, -, not detected \or not isolated; NT, not tested
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Milk sample from Kyrgyzstan (K4) was the richest sample of bacteria and yeast
using real-time PCR, even than the commercial one. It was composed of L. kefiri, L.
kefiranofaciens, L. acidophilus, L. delbrueckii subsp. bulgaricus, L. casei, L.
paracasei, Saccharomyces cerevisiae, Streptocccus thermophilus, L. amylovorus, L.

fermentum, and L. helveticus.

Homemade kefir from Istanbul (K5) had L. kefiri, L. kefiranofaciens, L. acidophilus,
L. delbrueckii subsp. bulgaricus, L. casei, L. paracasei, Saccharomyces cerevisiae,
Streptocccus thermophilus, L. amylovorus, and L. intestinalis.

In addition, the kefir sample from Istanbul (K6) was the only sample that lacked L.
acidophilus using real-time PCR assay. However, it had L. kefiri, L. kefiranofaciens,
L. delbrueckii subsp. bulgaricus, L. casei, L. paracasei, Saccharomyces cerevisiae,

Streptocccus thermophilus, L. fermentum, L. helveticus, and L. rhamnosus.

The microbial population in our samples had significant similarity with the microbial
population of other kefir samples from Turkey, China, Brazil, Bulgaria, Taiwan, and
Argentine as shown in Chapter 1 (Tablel.1).

All of these probiotic strains might have beneficial roles in reducing cholesterol,
improving digestion, enhancing the immune system, and cancer prevention.( Shavit
2008; Chiang and Pan, 2012; Berardi et al., 2013). Therefore, the most
investigations are focused on lactobacilli for the isolation, selection, identification,

and development of new strains with desired properties.
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CHAPTER 4

CONCLUSION

Kefir is a fermented milk product, produced by kefir grains. It has always been
traditionally consumed in Turkey. Kefir is rich in probiotics of LAB, acetic acid
bacteria, and yeasts. These LAB play an important role in the kefir production, in
addition to some benefits for human health. Therefore, in this study, four samples of
Kefir grains were collected from different regions in Turkey and Kefir beverage was
prepared from them for detection and isolation of probiotics. In addition, one milk
product from Kyrgyzstan and one commercial kefir product (AOC) were used for the

detection and identification of the kefir population.

In the first part of the study, a SYBR green based real-time PCR assay (real-time PCR)
was performed for detection of kefir probiotic bacteria and a yeast with specific primers
for the species L. acidophilus, L. delbrueckii subsp. bulgaricus, L. Kkefiri, L.
kefiranofaciens, L. fermentum, L. plantarum, L. amylovorus, Streptococcus
thermophilus, Saccharomyces cerevisiae, L. casei and L. paracasei using DNA directly
isolated from kefir sources. The results of real time PCR were summarized according to
the amplification and melting curves. L. kefiri, L. kefiranofaciens, L. casei, and L.
paracasei were detected in all kefir samples. In addition to the presence of L.
acidophilus, L. delbrueckii subsp. bulgaricus, L. fermentum, L. plantarum, L.
amylovorus, Streptococcus thermophilus, and Saccharomyces cerevisiae in some kefir
samples. The predominance of some lactic acid bacteria and yeast in homemade kefir

supports the importance of these probiotics in commenrcial kefir production.

In the second part of the current study, LAB were isolated from kefir samples. Isolates

were identified using microscopic and biochemical identification methods as

121



temperature, pH, bile salt, NaCl, and phenol tolerance tests. Also, lactose production,

sugar fermentation, and proteolysis activity tests were performed.

All the kefir isolates showed resistance to acid, temperature, phenol, and bile salts in
addition to their proteolytic activity.

L. acidophilus group and L. casei group isolates are difficult to differentiate. However,
thirty bacterial isolates were identified by partial 16S rRNA sequencing (one or two
ways) and the results of sequencing were determined by BLAST analysis and Multiple

Sequence Alignment.

All isolates were identified according to sequencing and alignment. It was determined
that 19 isolates were L. paracasei subsp. tolerans strain NBRC 15906, 5 isolates were
L. gallinarum strain ATCC 33199, two were L. helveticus strain NBRC 15019, two
were L. zeae strain RIA 482, one was L. intestinalis strain TH4 and one was L.
rhamnosus strain NBRC 3425.

As a result, it was concluded that real-time PCR is an accurate method for detection of
the kefir population and there are many probiotic bacteria in examined kefir samples
with good probiotic properties and proteolytic activity. The identified isolates in this
study, have potential to be used for the production of kefir.

Further studies are required to select some of these dominant probiotics with specific

benefits from kefir to produce lyophilized kefir.
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APPENDICES
APPENDIX A. Real Time PCR Results

A.1 Amplification curves of kefir sample K1, K2 DNA isolate with specific primers
(L. Kefiri , L. acidophilus ,L. delbrueckii subsp. bulgaricus ,L. kefiranofaciens, L.

fermentum , L. plantarum , S. cerevisiae , S. thermophilus , L. sobris \amylovorus

BEnws Cycle
ZTATK
/’
1
Z34TK o
L1
1947 K G
mpd -
y / L o
—
1547k =il
UlAP =2
E
1147k ,/ﬂ
L] _-P
//’/
7
TaATK 1
BATK | = 1
—
fap LT
1 2 3 456 7 8 91011121314151617 1319202122 2324252627253293031323334 353637353940
Cycle Mumber

A.2 Amplification curves of kefir sample k3 DNA isolate with specific primers (L.
delbrueckii subsp. bulgaricus ,L. kefiranofaciens, L. fermentum , L. plantarum , S.
cerevisiae , S. thermophilus ,L. sobris \amylovorus)
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A.3 Amplification curves of kefir sample k4 DNA isolate with specific primers (L.
delbrueckii subsp. bulgaricus , L. kefiranofaciens, L. fermentum , L. plantarum , S.

cerevisiae , S. thermophilus , L. sobris \amylovorus)
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A.4 Amplification curves of kefir sample K5 DNA isolate with specific primers (L.
Kefiri , L. acidophilus , L. delbrueckii subsp. bulgaricus , L. kefiranofaciens, L.
fermentum , L. plantarum, S. cerevisiae , S. thermophilus , L. sobris \amylovorus)
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Melting curves of kefir sample (K5 and K6 ) DNA isolate with specific primers (L.

Kefiri , L. acidophilus , L.delbrueckii subsp. bulgaricus , L. kefiranofaciens, L.

fermentum , L. plantarum, S. cerevisiae , S. thermophilus , L.sobris \amylovorus
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A.5 Amplification curves of kefir sample K6 DNA isolate with specific primers (L.

Kefiri , L.acidophilus ,L.delbrueckii subsp. bulgaricus ,L.kefiranofaciens, L.fermentum

, L.plantarum, S.cerevisiae , S.thermophilus ,L.sobris \amylovorus
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Melting curves of kefir sample K6 DNA isolate with specific primers (L. Kefiri ,
L.acidophilus, L.delbrueckii subsp. bulgaricu ,L.kefiranofaciens, L .fermentum, L.

plantarum , S.cerevisiae , S.thermophilu ,L.sobris \amylovorus
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A.6  Amplification curves of kefir sample K1,K2 ,K3, K4 ,K5, K6 DNA isolate with
specific primers (L. casei and L. paracasei)
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Melting curves of kefir sample K1,K2 ,K3 , K4 ,K5, K6 DNA isolate with specific
primers (L. casei and L. paracasei)
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A.7 Amplification curves of kefir sample K1 and K2 DNA isolate with specific
primers (L. delbrueckii subsp. bulgaricus ,L. kefiranofaciens, L. fermentum , L.
plantarum )
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Melting curves of kefir sample K1 and K2 DNA isolate with specific primers (L.

delbrueckii subsp. bulgaricus ,L. kefiranofaciens, L. fermentum , L .plantarum )
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APPENDIX B

B. 16 S ribosomal RNA gene partial sequence

B.1 16 S ribosomal RNA gene partial sequence for k2-2a

CGAGCGAGCAGAACCAGCAGATTTACTTCGGTAATGACGCTGGGGACGCGAGCGG
CGGATGGGTGAGTAACACGTGGGGAACCTGCCCCATAGTCTAGGATACCACTTGGA
AACAGGTGCTAATACCGGATAATAAAGCAGATCGCATGATCAGCTTATAAAAGGC
GGCGTAAGCTGTCGCTATGGGATGGCCCCGCGGTGCATTAGCTAGTTGGTAAGGTA
ACGGCTTACCAAGGCAATGATGCATAGCCGAGTTGAGAGACTGAACGGCCACATT
GGGACTGAGACACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCAC
AATGGACGCAAGTCTGATGGAGCAACGCCGCGTGAGTGAAGAAGGTTTTCGGATC
GTAAAGCTCTGTTGTTGGTGAAGAAGGATAGAGGTAGTAACTGGCCTTTATTTGAC
GGTAATCAACCAGAAAGTCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGT
AGGTGGCAAGCGTTGTCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGAAGAA
TAAGTCTGATGTGAAAGCCCTCGGCTTAACCGAGGAATTGCATCGGAAACTGTTTT
TCTTGAGTGCAGAAGAGGAGAGTGGAACTCCATGTGTAGCGGTGGAATGCGTAGA
TATATGGAAGAACACCAGTGGCGAAGGCGGCTCTCTGGTCTGCAACTGACGCTGAG
GCTCGAAAGCATGGGTAGCGAACAGGATTAGATACCCTGGTAGTCCATGCCGTAA
ACGATGAGTGCTAAGTGTTGGGAGGTTTCCGCCTCTCAGTGCTGCAGCTAACGCAT
TAAGCACTCCGCCTGGGGAGTACGACCGCAAGGTTGAAACTCAAAGGAATTGACG
GGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACC
TTACCAGGTCTTGACATCTAGTGCCATCCTAAGAGATTAGGAGTTCCCTTCGGGGA
CGCTAAGACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTA
AGTCCCGCAACGAGCGCAACCCTTATTATTAGTTGCCAGCATTAAGTTGGGCACTC
TAATGAGACTGCCGGGGACAAACCGGAGGAAGGGGGGGATGACGCCAAGCCACTT
GCCCCTATGACCGGGGCAACC
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B.2 16 S ribosomal RNA gene partial sequence for k2-3

GGCTCCTTCCGAAGGTTAGGCCACCGGCTTTGGGCATTGCAGACTTCCATGG
TGTGACGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCGTTCT
GATCCGCGATTACTAGCGATTCCAGCTTCGTGCAGTCGAGTTGCAGACTGC
AGTCCGAACTGAGAACAGCTTTCAGAGATTCGCTTGCCTTCGCAGGCTCGCT
TCTCGTTGTACTGCCCATTGTAGCACGTGTGTAGCCCAGGTCATAAGGGGCA
TGATGACTTGACGTCATCCCCACCTTCCTCCGGTTTGTCACCGGCAGTCTCA
TTAGAGTGCCCAACTTAATGCTGGCAACTAATAATAAGGGTTGCGCTCGTT
GCGGGACTTAACCCAACATCTCACGACACGAGCTGACGACAGCCATGCACC
ACCTGTCTTAGCGTCCCCGAAGGGAACTCCTAATCTCTTAGGATGGCACTAG
ATGTCAAGACCTGGTAAGGTTCTTCGCGTTGCTTCGAATTAAACCACATGCT
CCACCGCTTGTGCGGGCCCCCGTCAATTCCTTTGAGTTTCAACCTTGCGGTC
GTACTCCCCAGGCGGAGTGCTTAATGCGTTAGCTGCAGCACTGAGAGGCGG
AAACCTCCCAACACTTAGCACTCATCGTTTACGGCATGGACTACCAGGGTA
TCTAATCCTGTTCGCTACCCATGCTTTCGAGCCTCAGCGTCAGTTGCAGACC
AGAGAGCCGCCTTCGCCACTGGTGTTCTTCCATATATCTACGCATTCCACCG
CTACACATGGAGTTCCACTCTCCTCTTCTGCACTCAAGAAAAACAGTTTCCG
ATGCAATTCCTCGGTTAAGCCGAGGGCTTTCACATCAGACTTATTCTTCCGC
CTGCGCTCGCTTTACGCCCAATAAATCCGGACAACGCTTGCCACCTACGTAT
TACCGCGGCTGCTGGCACGTATTTAGCCGTGACTTTCTGGTTGATTACCGTC
AAATAAAGGCCAGTTACTACCTCTATCCTTCTTCACCAACAACAGAGCTTTA
CGATCCAAAACCTTCTTCACTCAGGCGGCGTTGCTCCATCAAACTTGCGTCC
ATTGTGGAAGATTCCCTACTGCTGCCCT
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B.3 16 S ribosomal RNA gene partial sequence for k2-3a

ACCTGCAAGTCGAGCGAGCAGAACCAGCAGATTTACTTCGGTAATGACGCT
GGGGACGCGAGCGGCGGATGGGTGAGTAACACGTGGGGAACCTGCCCCAT
AGTCTAGGATACCACTTGGAAACAGGTGCTAATACCGGATAATAAAGCAGA
TCGCATGATCAGCTTATAAAAGGCGGCGTAAGCTGTCGCTATGGGATGGCC
CCGCGGTGCATTAGCTAGTTGGTAAGGTAACGGCTTACCAAGGCAATGATG
CATAGCCGAGTTGAGAGACTGAACGGCCACATTGGGACTGAGACACGGCCC
AAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGCAAGTC
TGATGGAGCAACGCCGCGTGAGTGAAGAAGGTTTTCGGATCGTAAAGCTCT
GTTGTTGGTGAAGAAGGATAGAGGTAGTAACTGGCCTTTATTTGACGGTAA
TCAACCAGAAAGTCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTA
GGTGGCAAGCGTTGTCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGAA
GAATAAGTCTGATGTGAAAGCCCTCGGCTTAACCGAGGAATTGCATCGGAA
ACTGTTTTTCTTGAGTGCAGAAGAGGAGAGTGGAACTCCATGTGTAGCGGT
GGAATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCGGCTCTCTGGT
CTGCAACTGACGCTGAGGCTCGAAAGCATGGGTAGCGAACAGGATTAGATA
CCCTGGTAGTCCATGCCGTAAACGATGAGTGCTAAGTGTTGGGAGGTTTCC
GCCTCTCAGTGCTGCAGCTAACGCATTAAGCACTCCGCCTGGGGAGTACGA
CCGCAAGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGG
AGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACA
TCTAGTGCCATCCTAAGAGATTAGGAGTTCCCTTCGGGGACGCTAAGACAG
GTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCG
CAACGAGCGCAACCCTTATTATTAGTTGCCAGCATTAAGTTGGGCACTCTAA
TGAGACTGCCGGTGACAAACCGGAGGAAGGGGG

166



B.4 16 S ribosomal RNA gene partial sequence for k2-4

ATGCAGTCGAACGAGTTCTCGTTGATGATCGGTGCTTGCACCGAGATTCAA
CATGGAACGAGTGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCTTAA
GTGGGGGATAACATTTGGAAACAGATGCTAATACCGCATAGATCCAAGAAC
CGCATGGTTCTTGGCTGAAAGATGGCGTAAGCTATCGCTTTTGGATGGACCC
GCGGCGTATTAGCTAGTTGGTGAGGTAATGGCTCACCAAGGCGATGATACG
TAGCCGAACTGAGAGGTTGATCGGCCACATTGGGACTGAGACACGGCCCAA
ACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGCAAGTCTG
ATGGAGCAACGCCGCGTGAGTGAAGAAGGCTTTCGGGTCGTAAAACTCTGT
TGTTGGAGAAGAATGGTCGGCAGAGTAACTGTTGCCGGCGTGACGGTATCC
AACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAG
GTGGCAAGCGTTATCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTT
TTTAAGTCTGATGTGAAAGCCCTCGGCTTAACCGAGGAAGCGCATCGGAAA
CTGGGAAACTTGAGTGCAGAAGAGGACAGTGGAACTCCATGTGTAGCGGTG
AAATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCGGCTGTCTGGTC
TGTAACTGACGCTGAGGCTCGAAAGCATGGGTAGCGAACAGGATTAGATAC
CCTGGTAGTCCATGCCGTAAACGATGAATGCTAGGTGTTGGAGGGTTTCCG
CCCTTCAGTGCCGCAGCTAACGCATTAAGCATTCCGCCTGGGGAGTACGAC
CGCAAGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGA
GCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACAT
CTTTTGATCACCTGAGAGATCAGGTTTCCCCTTCGGGGGCAAAATGACAGG
TGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGC
AACGAGCGCAACCCTTATGACTAGTTGCCAGCATTTAGTTGGGCACTCTAGT
AAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAATCATC
ATGCCCCTTATGACCTGGGCTACCACGTGCTACATGGATGGTACAACGAGT
TGCGAGACCGCGAGGTCAGCTAATCCTTAAAGCCTTTCCAGTTCGGACTGT
AGGCTGCACTCGCCTACCCAAATCGGAATCCCTAGTA

167



B.5 16 S ribosomal RNA gene partial sequence for k2-4a

GGCTCCTTCCCGAAGGTTAGGCCACCGGCTTTGGGCATTGCAGACTTCCATG
GTGTGACGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCGTTC
TGATCCGCGATTACTAGCGATTCCAGCTTCGTGCAGTCGAGTTGCAGACTGC
AGTCCGAACTGAGAACAGCTTTCAGAGATTCGCTTGCCTTCGCAGGCTCGCT
TCTCGTTGTACTGCCCATTGTAGCACGTGTGTAGCCCAGGTCATAAGGGGCA
TGATGACTTGACGTCATCCCCACCTTCCTCCGGTTTGTCACCGGCAGTCTCA
TTAGAGTGCCCAACTTAATGCTGGCAACTAATAATAAGGGTTGCGCTCGTT
GCGGGACTTAACCCAACATCTCACGACACGAGCTGACGACAGCCATGCACC
ACCTGTCTTAGCGTCCCCGAAGGGAACTCCTAATCTCTTAGGATGGCACTAG
ATGTCAAGACCTGGTAAGGTTCTTCGCGTTGCTTCGAATTAAACCACATGCT
CCACCGCTTGTGCGGGCCCCCGTCAATTCCTTTGAGTTTCAACCTTGCGGTC
GTACTCCCCAGGCGGAGTGCTTAATGCGTTAGCTGCAGCACTGAGAGGCGG
AAACCTCCCAACACTTAGCACTCATCGTTTACGGCATGGACTACCAGGGTA
TCTAATCCTGTTCGCTACCCATGCTTTCGAGCCTCAGCGTCAGTTGCAGACC
AGAGAGCCGCCTTCGCCACTGGTGTTCTTCCATATATCTACGCATTCCACCG
CTACACATGGAGTTCCACTCTCCTCTTCTGCACTCAAGAAAAACAGTTTCCG
ATGCAATTCCTCGGTTAAGCCGAGGGCTTTCACATCAGACTTATTCTTCCGC
CTGCGCTCGCTTTACGCCCAATAAATCCGGACAACGCTTGCCACCTACGTAT
TACCGCGGCTGCTGGCACGTATTTAGCCGTGACTTTCTGGTTGATTACCGTC
AAATAAAGGCCAGTTACTACCTCTATCCTTCTTCCCAACAACAAAACTTTAC
AATCCAAAAACCTTCTTCACTCAGGCGGCGTTGCTCCCTCAAACTTGCGTCC
ATTGGGGAAAAATTCCCTACTGCTT

168



B.6 16 S ribosomal RNA gene partial sequence for k2-14

GGCTCCTTCCCGAAGGTTAGGCCACCGGCTTTGGGCATTGCAGACTTCCATG
GTGTGACGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCGTTC
TGATCCGCGATTACTAGCGATTCCAGCTTCGTGCAGTCGAGTTGCAGACTGC
AGTCCGAACTGAGAACAGCTTTCAGAGATTCGCTTGCCTTCGCAGGCTCGCT
TCTCGTTGTACTGCCCATTGTAGCACGTGTGTAGCCCAGGTCATAAGGGGCA
TGATGACTTGACGTCATCCCCACCTTCCTCCGGTTTGTCACCGGCAGTCTCA
TTAGAGTGCCCAACTTAATGCTGGCAACTAATAATAAGGGTTGCGCTCGTT
GCGGGACTTAACCCAACATCTCACGACACGAGCTGACGACAGCCATGCACC
ACCTGTCTTAGCGTCCCCGAAGGGAACTCCTAATCTCTTAGGATGGCACTAG
ATGTCAAGACCTGGTAAGGTTCTTCGCGTTGCTTCGAATTAAACCACATGCT
CCACCGCTTGTGCGGGCCCCCGTCAATTCCTTTGAGTTTCAACCTTGCGGTC
GTACTCCCCAGGCGGAGTGCTTAATGCGTTAGCTGCAGCACTGAGAGGCGG
AAACCTCCCAACACTTAGCACTCATCGTTTACGGCATGGACTACCAGGGTA
TCTAATCCTGTTCGCTACCCATGCTTTCGAGCCTCAGCGTCAGTTGCAGACC
AGAGAGCCGCCTTCGCCACTGGTGTTCTTCCATATATCTACGCATTCCACCG
CTACACATGGAGTTCCACTCTCCTCTTCTGCACTCAAGAAAAACAGTTTCCG
ATGCAATTCCTCGGTTAAGCCGAGGGCTTTCACATCAGACTTATTCTTCCGC
CTGCGCTCGCTTTACGCCCAATAAATCCGGACAACGCTTGCCACCTACGTAT
TACCGCGGCTGCTGGCACGTATTTAGCCGTGACTTTCTGGTTGATTACCGTC
AAATAAAGGCCAGTTACTACCTCTATCCTTCTTCACCAACAACAAAGCTTTA
CGATCCGAAAACCTTCTTCACTCACGCGGCGTTGCTCCATCAAACTTGCGTC
CATGGGGAAGATTCCCTACTGCAC

169



B.7 16 S ribosomal RNA gene partial sequence for K3-2a

ACGAGTTCTCGTTGATGATCGGTGCTTGCACCGAGATTCAACATGGAACGA
GTGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCTTAAGTGGGGGATA
ACATTTGGAAACAGATGCTAATACCGCATAGATCCAAGAACCGCATGGTTC
TTGGCTGAAAGATGGCGTAAGCTATCGCTTTTGGATGGACCCGCGGCGTAT
TAGCTAGTTGGTGAGGTAATGGCTCACCAAGGCGATGATACGTAGCCGAAC
TGAGAGGTTGATCGGCCACATTGGGACTGAGACACGGCCCAAACTCCTACG
GGAGGCAGCAGTAGGGAATCTTCCACAATGGACGCAAGTCTGATGGAGCA
ACGCCGCGTGAGTGAAGAAGGCTTTCGGGTCGTAAAACTCTGTTGTTGGAG
AAGAATGGTCGGCAGAGTAACTGTTGCCGGCGTGACGGTATCCAACCAGAA
AGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGC
GTTATCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTTTTTAAGTCTG
ATGTGAAAGCCCTCGGCTTAACCGAGGAAGCGCATCGGAAACTGGGAAACT
TGAGTGCAGAAGAGGACAGTGGAACTCCATGTGTAGCGGTGAAATGCGTA
GATATATGGAAGAACACCAGTGGCGAAGGCGGCTGTCTGGTCTGTAACTGA
CGCTGAGGCTCGAAAGCATGGGTAGCGAACAGGATTAGATACCCTGGTAGT
CCATGCCGTAAACGATGAATGCTAGGTGTTGGAGGGTTTCCGCCCTTCAGT
GCCGCAGCTAACGCATTAAGCATTCCGCCTGGGGAGTACGACCGCAAGGTT
GAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGT
TTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCTTTTGATCA
CCTGAGAGATCAGGTTTCCCCTTCGGGGGCAAAATGACAGGTGGTGCATGG
TTGTCGTCAGCTCGTGTCCTGAAATGTTGGGTTAAGTCCCGCAACGAGCGCA
ACCCTTATGACTAGTTGCCAGCATTTAGTTGGGCACTTTAGTAAGACGGCCG
GTGACAAACCGGAGGAAGGGGGGGGATGACGTCGG

170



B.8 16 S ribosomal RNA gene partial sequence for k3-3a

GAGTTGATCCTGGATCAGAGAAGACCCAACAAAGTTACCTCAGAAATGACG
CTGGGGACGCGAGCGGCGGATGGGTGAGTAACACGTGGGGAACCTGCCCC
ATAGTCTAGGATACCACTTGGAAACAGGTGCTAATACCGGATAATAAAGCA
GATCGCATGATCAGCTTATAAAAGGCGGCGTAAGCTGTCGCTATGGGATGG
CCCCGCGGTGCATTAGCTAGTTGGTAAGGTAACGGCTTACCAAGGCAATGA
TGCATAGCCGAGTTGAGAGACTGAACGGCCACATTGGGACTGAGACACGGC
CCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGCAAG
TCTGATGGAGCAACGCCGCGTGAGTGAAGAAGGTTTTCGGATCGTAAAGCT
CTGTTGTTGGTGAAGAAGGATAGAGGTAGTAACTGGCCTTTATTTGACGGT
AATCAACCAGAAAGTCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACG
TAGGTGGCAAGCGTTGTCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGG
AAGAATAAGTCTGATGTGAAAGCCCTCGGCTTAACCGAGGAATTGCATCGG
AAACTGTTTTTCTTGAGTGCAGAAGAGGAGAGTGGAACTCCATGTGTAGCG
GTGGAATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCGGCTCTCTG
GTCTGCAACTGACGCTGAGGCTCGAAAGCATGGGTAGCGAACAGGATTAGA
TACCCTGGTAGTCCATGCCGTAAACGATGAGTGCTAAGTGTTGGGAGGTTT
CCGCCTCTCAGTGCTGCAGCTAACGCATTAAGCACTCCGCCTGGGGAGTAC
GACCGCAAGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGT
GGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGA
CATCTAGTGCCATCCTAAGAGATTAGGAGTTCTCTTCGGGGACGCTAAGAC
AGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCC
CGCAACGAGCGCAACCCTTATTATTAGTTGCCAGCATTAAGTTGGGCACTCT
AATGAGACTGCCGGTGACAAACCGGAGGAAAGGGGGGGATGACGTCAAGT
CATCCGGCCCC

171



B.9 16 S ribosomal RNA gene partial sequence for k3-8b2

TGCAGTCGAACGAGTTCTCGTTGATGATCGGTGCTTGCACCGAGATTCAAC
ATGGAACGAGTGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCTTAAG
TGGGGGATAACATTTGGAAACAGATGCTAATACCGCATAGATCCAAGAACC
GCATGGTTCTTGGCTGAAAGATGGCGTAAGCTATCGCTTTTGGATGGACCC
GCGGCGTATTAGCTAGTTGGTGAGGTAATGGCTCACCAAGGCGATGATACG
TAGCCGAACTGAGAGGTTGATCGGCCACATTGGGACTGAGACACGGCCCAA
ACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGCAAGTCTG
ATGGAGCAACGCCGCGTGAGTGAAGAAGGCTTTCGGGTCGTAAAACTCTGT
TGTTGGAGAAGAATGGTCGGCAGAGTAACTGTTGCCGGCGTGACGGTATCC
AACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAG
GTGGCAAGCGTTATCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTT
TTTAAGTCTGATGTGAAAGCCCTCGGCTTAACCGAGGAAGCGCATCGGAAA
CTGGGAAACTTGAGTGCAGAAGAGGACAGTGGAACTCCATGTGTAGCGGTG
AAATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCGGCTGTCTGGTC
TGTAACTGACGCTGAGGCTCGAAAGCATGGGTAGCGAACAGGATTAGATAC
CCTGGTAGTCCATGCCGTAAACGATGAATGCTAGGTGTTGGAGGGTTTCCG
CCCTTCAGTGCCGCAGCTAACGCATTAAGCATTCCGCCTGGGGAGTACGAC
CGCAAGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGA
GCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACAT
CTTTTGATCACCTGAGAGATCAGGTTTCCCCTTCGGGGGCAAAATGACAGG
TGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGC
AACGAGCGCAACCCTTATGACTAGTTGCCAGCATTTAGTTGGGCACTCTAGT
AAGACTGCCGGTGACAACCGGAGGAAGGTGGGGATGACGTCAATCATCAT
GCCCCTTATGACCTGGGCTACCACGTGCTACATGGATGGTACACGAGTTGC
GAGACGCGAGGTCAGCTAATCCTTAAAGCCTTTCCAGTTCGGCTGTAGGCT
GCACCCCCTAACAAATCGGA
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B.10 16 S ribosomal RNA gene partial sequence for k3-13b

AGTGTCTCGTTGATGATCGGTGCTTGCACCGAGATTCAACATGGAACGAGT
GGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCTTAAGTGGGGGATAAC
ATTTGGAAACAGATGCTAATACCGCATAGATCCAAGAACCGCATGGTTCTT
GGCTGAAAGATGGCGTAAGCTATCGCTTTTGGATGGACCCGCGGCGTATTA
GCTAGTTGGTGAGGTAATGGCTCACCAAGGCGATGATACGTAGCCGAACTG
AGAGGTTGATCGGCCACATTGGGACTGAGACACGGCCCAAACTCCTACGGG
AGGCAGCAGTAGGGAATCTTCCACAATGGACGCAAGTCTGATGGAGCAAC
GCCGCGTGAGTGAAGAAGGCTTTCGGGTCGTAAAACTCTGTTGTTGGAGAA
GAATGGTCGGCAGAGTAACTGTTGCCGGCGTGACGGTATCCAACCAGAAAG
CCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGT
TATCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTTTTTAAGTCTGAT
GTGAAAGCCCTCGGCTTAACCGAGGAAGCGCATCGGAAACTGGGAAACTTG
AGTGCAGAAGAGGACAGTGGAACTCCATGTGTAGCGGTGAAATGCGTAGA
TATATGGAAGAACACCAGTGGCGAAGGCGGCTGTCTGGTCTGTAACTGACG
CTGAGGCTCGAAAGCATGGGTAGCGAACAGGATTAGATACCCTGGTAGTCC
ATGCCGTAAACGATGAATGCTAGGTGTTGGAGGGTTTCCGCCCTTCAGTGC
CGCAGCTAACGCATTAAGCATTCCGCCTGGGGAGTACGACCGCAAGGTTGA
AACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTA
ATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCTTTTGATCACCT
GAGAGATCAGGTTTCCCCTTCGGGGGCAAAATGACAGGTGGTGCATGGTTG
TCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAAC
CCTTATGACTAGTTGCCAGCATTTAGTTGGGGCACTCTAGTAAGAACTGCCG
GGTGACAAACCGGGAAGGAAGGTGGGGGATGACGTCCAAATCCTCTTGCCC
CCTTTAGGAACCTGGGGCTAACCACCGTGCTAACAAGGGAAGGGTAAAA

173



B11. 16 S ribosomal RNA gene partial sequence for k3-20

GCTCGCTCCCTAAAAGGGTTACGCCACCGGCTTCGGGTGTTACAAACTCTCA
TGGTGTGACGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCGT
GCTGATCCGCGATTACTAGCGATTCCGACTTCGTGTAGGCGAGTTGCAGCCT
ACAGTCCGAACTGAGAATGGCTTTAAGAGATTAGCTTGACCTCGCGGTCTC
GCAACTCGTTGTACCATCCATTGTAGCACGTGTGTAGCCCAGGTCATAAGG
GGCATGATGATTTGACGTCATCCCCACCTTCCTCCGGTTTGTCACCGGCAGT
CTTACTAGAGTGCCCAACTAAATGCTGGCAACTAGTCATAAGGGTTGCGCT
CGTTGCGGGACTTAACCCAACATCTCACGACACGAGCTGACGACAACCATG
CACCACCTGTCATTTTGCCCCCGAAGGGGAAACCTGATCTCTCAGGTGATCA
AAAGATGTCAAGACCTGGTAAGGTTCTTCGCGTTGCTTCGAATTAAACCAC
ATGCTCCACCGCTTGTGCGGGCCCCCGTCAATTCCTTTGAGTTTCAACCTTG
CGGTCGTACTCCCCAGGCGGAATGCTTAATGCGTTAGCTGCGGCACTGAAG
GGCGGAAACCCTCCAACACCTAGCATTCATCGTTTACGGCATGGACTACCA
GGGTATCTAATCCTGTTCGCTACCCATGCTTTCGAGCCTCAGCGTCAGTTAC
AGACCAGACAGCCGCCTTCGCCACTGGTGTTCTTCCATATATCTACGCATTT
CACCGCTACACATGGAGTTCCACTGTCCTCTTCTGCACTCAAGTTTCCCAGT
TTCCGATGCGCTTCCTCGGTTAAGCCGAGGGCTTTCACATCAGACTTAAAAA
ACCGCCTGCGCTCGCTTTACGCCCAATAAATCCGGATAACGCTTGCCACCTA
CATATTACCGCGGCTGCTGGCACGTAATTAGCCGTGGCTTTCTGGTTGGATA
CCGTCACGCCAACAACAATCA

174



B.12 16 S ribosomal RNA gene partial sequence for k3-20a

GAGTGTCTCGGTGATGATCGGTGCTTGCACCGAGATTCAACATGGGAACGA
GTGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCTTAAGTGGGGGATA
ACATTTGGAAACAGATGCTAATACCGCATAGATCCAAGAACCGCATGGTTC
TTGGCTGAAAGATGGCGTAAGCTATCGCTTTTGGATGGACCCGCGGCGTAT
TAGCTAGTTGGTGAGGTAATGGCTCACCAAGGCGATGATACGTAGCCGAAC
TGAGAGGTTGATCGGCCACATTGGGACTGAGACACGGCCCAAACTCCTACG
GGAGGCAGCAGTAGGGAATCTTCCACAATGGACGCAAGTCTGATGGAGCA
ACGCCGCGTGAGTGAAGAAGGCTTTCGGGTCGTAAAACTCTGTTGTTGGAG
AAGAATGGTCGGCAGAGTAACTGTTGCCGGCGTGACGGTATCCAACCAGAA
AGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGC
GTTATCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTTTTTAAGTCTG
ATGTGAAAGCCCTCGGCTTAACCGAGGAAGCGCATCGGAAACTGGGAAACT
TGAGTGCAGAAGAGGACAGTGGAACTCCATGTGTAGCGGTGAAATGCGTA
GATATATGGAAGAACACCAGTGGCGAAGGCGGCTGTCTGGTCTGTAACTGA
CGCTGAGGCTCGAAAGCATGGGTAGCGAACAGGATTAGATACCCTGGTAGT
CCATGCCGTAAACGATGAATGCTAGGTGTTGGAGGGTTTCCGCCCTTCAT

175



B.13 16 S ribosomal RNA gene partial sequence for k3-28

TGCAAGTCGAACGAGTTCTCGTTGATGATCGGTGCTTGCACCGAGATTCAA
CATGGAACGAGTGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCTTAA
GTGGGGGATAACATTTGGAAACAGATGCTAATACCGCATAGATCCAAGAAC
CGCATGGTTCTTGGCTGAAAGATGGCGTAAGCTATCGCTTTTGGATGGACCC
GCGGCGTATTAGCTAGTTGGTGAGGTAATGGCTCACCAAGGCGATGATACG
TAGCCGAACTGAGAGGTTGATCGGCCACATTGGGACTGAGACACGGCCCAA
ACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGCAAGTCTG
ATGGAGCAACGCCGCGTGAGTGAAGAAGGCTTTCGGGTCGTAAAACTCTGT
TGTTGGAGAAGAATGGTCGGCAGAGTAACTGTTGCCGGCGTGACGGTATCC
AACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAG
GTGGCAAGCGTTATCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTT
TTTAAGTCTGATGTGAAAGCCCTCGGCTTAACCGAGGAAGCGCATCGGAAA
CTGGGAAACTTGAGTGCAGAAGAGGACAGTGGAACTCCATGTGTAGCGGTG
AAATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCGGCTGTCTGGTC
TGTAACTGACGCTGAGGCTCGAAAGCATGGGTAGCGAACAGGATTAGATAC
CCTGGTAGTCCATGCCGTAAACGATGAATGCTAGGTGTTGGAGGGTTTCCG
CCCTTCAGTGCCGCAGCTAACGCATTAAGCATTCCGCCTGGGGAGTACGAC
CGCAAGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGA
GCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACAT
CTTTTGATCACCTGAGAGATCAGGTTTCCCCTTCGGGGGCAAAATGACAGG
TGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGC
AACGAGCGCAACCCTTATGACTAGTTGCCAGCATTTAGTTGGGCACTCTAGT
AAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAATCATC
ATGCCCCTTATGACCTGGGCTACCACGTGCTACATGGATGGTACAACGAGT
TGCGAGACCCGAGGTCAGCTAATCCTTAAGCCATTCCAATTCGGATGTAGG
CTGAAC

176



B.14 16 S ribosomal RNA gene partial sequence for k4-6a

TGCAAGTCGAGCGAGCAGAACCAGCAGATTTACTTCGGTAATGACGCTGGG
GACGCGAGCGGCGGATGGGTGAGTAACACGTGGGGAACCTGCCCCATAGT
CTGGGATACCACTTGGAAACAGGTGCTAATACCGGATAAGAAAGCAGATCG
CATGATCAGCTTATAAAAGGCGGCGTAAGCTGTCGCTATGGGATGGCCCCG
CGGTGCATTAGCTAGTTGGTAAGGTAACGGCTTACCAAGGCAATGATGCAT
AGCCGAGTTGAGAGACTGATCGGCCACATTGGGACTGAGACACGGCCCAA
ACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGCAAGTCTG
ATGGAGCAACGCCGCGTGAGTGAAGAAGGTTTTCGGATCGTAAAGCTCTGT
TGTTGGTGAAGAAGGATAGAGGCAGTAACTGGCCTTTATTTGACGGTAATC
AACCAGAAAGTCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGG
TGGCAAGCGTTGTCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGAAGA
ATAAGTCTGATGTGAAAGCCCTCGGCTTAACCGAGGAACTGCATCGGAAAC
TGTTTTTCTTGAGTGCAGAAGAGGAGAGTGGAACTCCATGTGTAGCGGTGG
AATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCGACTCTCTGGTCT
GCAACTGACGCTGAGGCTCGAAAGCATGGGTAGCGAACAGGATTAGATAC
CCTGGTAGTCCATGCCGTAAACGATGAGTGCTAAGTGTTGGGAGGTTTCCG
CCTCTCAGTGCTGCAGCTAACGCATTAAGCACTCCGCCTGGGGAGTACGAC
CGCAAGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGA
GCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACAT
CTAGTGCCATCCTAAGAGATTAGGAGTTCCCTTCGGGGACGCTAAGACAGG
TGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGC
AACGAGCGCAACCCTTGTTATTAGTTGCCAGCATTAAGTTGGGCACTCTAAT
GAAACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCATC
AGCCCCTTAGGACCTGGGCTACCCCGTGCTACATGGGAAAGTACACCGGAA
GCGAGCCTGG
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B.15 16 S ribosomal RNA gene partial sequence for k4-16

GCTTGCACCGAGATTCAACATGGAACGAGTGGCGGACGGGTGAGTAACAC
GTGGGTAACCTGCCCTTAAGTGGGGGATAACATTTGGAAACAGATGCTAAT
ACCGCATAGATCCAAGAACCGCATGGTTCTTGGCTGAAAGATGGCGTAAGC
TATCGCTTTTGGATGGACCCGCGGCGTATTAGCTAGTTGGTGAGGTAATGGC
TCACCAAGGCGATGATACGTAGCCGAACTGAGAGGTTGATCGGCCACATTG
GGACTGAGACACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTC
CACAATGGACGCAAGTCTGATGGAGCAACGCCGCGTGAGTGAAGAAGGCT
TTCGGGTCGTAAAACTCTGTTGTTGGAGAAGAATGGTCGGCAGAGTAACTG
TTGCCGGCGTGACGGTATCCAACCAGAAAGCCACGGCTAACTACGTGCCAG
CAGCCGCGGTAATACGTAGGTGGCAAGCGTTATCCGGATTTATTGGGCGTA
AAGCGAGCGCAGGCGGTTTTTTAAGTCTGATGTGAAAGCCCTCGGCTTAAC
CGAGGAAGCGCATCGGAAACTGGGAAACTTGAGTGCAGAAGAGGACAGTG
GAACTCCATGTGTAGCGGTGAAATGCGTAGATATATGGAAGAACACCAGTG
GCGAAGGCGGCTGTCTGGTCTGTAACTGACGCTGAGGCTCGAAAGCATGGG
TAGCGAACAGGATTAGATACCCTGGTAGTCCATGCCGTAAACGATGAATGC
TAGGTGTTGGAGGGTTTCCGCCCTTCATTGCCGCATACTAACGCATAAGCGT
TCCACCTGGGCGGTTC

178



B 16 . 16 S ribosomal RNA gene partial sequence for k4-17

GCTCGCTCCCTAAAGGGTTACGCCACCGGCTTCGGGTGTTACAAACTCTCAT
GGTGTGACGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCGTG
CTGATCCGCGATTACTAGCGATTCCGACTTCGTGTAGGCGAGTTGCAGCCTA
CAGTCCGAACTGAGAATGGCTTTAAGAGATTAGCTTGACCTCGCGGTCTCG
CAACTCGTTGTACCATCCATTGTAGCACGTGTGTAGCCCAGGTCATAAGGG
GCATGATGATTTGACGTCATCCCCACCTTCCTCCGGTTTGTCACCGGCAGTC
TTACTAGAGTGCCCAACTAAATGCTGGCAACTAGTCATAAGGGTTGCGCTC
GTTGCGGGACTTAACCCAACATCTCACGACACGAGCTGACGACAACCATGC
ACCACCTGTCATTTTGCCCCCGAAGGGGAAACCTGATCTCTCAGGTGATCA
AAAGATGTCAAGACCTGGTAAGGTTCTTCGCGTTGCTTCGAATTAAACCAC
ATGCTCCACCGCTTGTGCGGGCCCCCGTCAATTCCTTTGAGTTTCAACCTTG
CGGTCGTACTCCCCAGGCGGAATGCTTAATGCGTTAGCTGCGGCACTGAAG
GGCGGAAACCCTCCAACACCTAGCATTCATCGTTTACGGCATGGACTACCA
GGGTATCTAATCCTGTTCGCTACCCATGCTTTCGAGCCTCAGCGTCAGTTAC
AGACCAGACAGCCGCCTTCGCCACTGGTGTTCTTCCATATATCTACGCATTT
CACCGCTACACATGGAGTTCCACTGTCCTCTTCTGCACTCAAGTTTCCCAGT
TTCCGATGCGCTTCCTCGGTTAAGCCGAGGGCTTTCACATCAGACTTAAAAA
ACCGCCTGCGCTCGCTTTACGCCCAATAAATCCGGATAACGCTTGCCACCTA
CGTATTACCGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTGGATA
CCGTCACGCCGGCAACAGTTACTCTGCCGACCATTCTTCTCCAACAACAGA
GTTTTACGACCCGAAAGCCTTCTTCCTCACGCGGCGTTGCTCCATCAAACTT
GCGTCCATTGGGGATG

179



B17. 16 S ribosomal RNA gene partial sequence for k4-28

GCAGTCGACGAGTTCTCGTTGATGATCGGTGCTTGCACCGAGATTCAACAT
GGAACGAGTGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCTTAAGTG
GGGGATAACATTTGGAAACAGATGCTAATACCGCATAGATCCAAGAACCGC
ATGGTTCTTGGCTGAAAGATGGCGTAAGCTATCGCTTTTGGATGGACCCGC
GGCGTATTAGCTAGTTGGTGAGGTAATGGCTCACCAAGGCGATGATACGTA
GCCGAACTGAGAGGTTGATCGGCCACATTGGGACTGAGACACGGCCCAAAC
TCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGCAAGTCTGAT
GGAGCAACGCCGCGTGAGTGAAGAAGGCTTTCGGGTCGTAAAACTCTGTTG
TTGGAGAAGAATGGTCGGCAGAGTAACTGTTGCCGGCGTGACGGTATCCAA
CCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTG
GCAAGCGTTATCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTTTTT
AAGTCTGATGTGAAAGCCCTCGGCTTAACCGAGGAAGCGCATCGGAAACTG
GGAAACTTGAGTGCAGAAGAGGACAGTGGAACTCCATGTGTAGCGGTGAA
ATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCGGCTGTCTGGTCTG
TAACTGACGCTGAGGCTCGAAAGCATGGGTAGCGAACAGGATTAGATACCC
TGGTAGTCCATGCCGTAAACGATGAATGCTAGGTGTTGGAGGGTTTCCGCC
CTTCAGTGCCGCAGCTAACGCATTAAGCATTCCGCCTGGGGAGTACGACCG
CAAGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGC
ATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCTT
TTGATCACCTGAGAGATCAGGTTTCCCCTTCGGGGGCAAAATGACAGGTGG
TGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAAC
GAGCGCAACCCTTATGACTAGTTGCCAGCATTTAGTTGGGCACTCTAGTAA
GACTGCCGGTGACAAACCGGAGGAAGGGGGGGATGACGTCAAATCATCAT
GCCCCTTATGACTGGGGCTACCCACGTGCCTACAATGGGATGGTACAACCA
AGTTGCCAGAACCGCCGAGGTCAAGCTAATCTCTTAA
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B.18 16 S ribosomal RNA gene partial sequence for k5-3

TGCAGTCGAACGAGTTCTCGTTGATGATCGGTGCTTGCACCGAGATTCAAC
ATGGAACGAGTGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCTTAAG
TGGGGGATAACATTTGGAAACAGATGCTAATACCGCATAGATCCAAGAACC
GCATGGTTCTTGGCTGAAAGATGGCGTAAGCTATCGCTTTTGGATGGACCC
GCGGCGTATTAGCTAGTTGGTGAGGTAATGGCTCACCAAGGCGATGATACG
TAGCCGAACTGAGAGGTTGATCGGCCACATTGGGACTGAGACACGGCCCAA
ACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGCAAGTCTG
ATGGAGCAACGCCGCGTGAGTGAAGAAGGCTTTCGGGTCGTAAAACTCTGT
TGTTGGAGAAGAATGGTCGGCAGAGTAACTGTTGCCGGCGTGACGGTATCC
AACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAG
GTGGCAAGCGTTATCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTT
TTTAAGTCTGATGTGAAAGCCCTCGGCTTAACCGAGGAAGCGCATCGGAAA
CTGGGAAACTTGAGTGCAGAAGAGGACAGTGGAACTCCATGTGTAGCGGTG
AAATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCGGCTGTCTGGTC
TGTAACTGACGCTGAGGCTCGAAAGCATGGGTAGCGAACAGGATTAGATAC
CCTGGTAGTCCATGCCGTAAACGATGAATGCTAGGTGTTGGAGGGTTTCCG
CCCTTCAGTGCCGCAGCTAACGCATTAAGCATTCCGCCTGGGGAGTACGAC
CGCAAGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGA
GCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACAT
CTTTTGATCACCTGAGAGATCAGGTTTCCCCTTCGGGGGCAAAATGACAGG
TGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGC
AACGAGCGCAACCCTTATGACTAGTTGCCAGCATTTAGTTGGGCACTCTAGT
AAGACTGCCGGTGACAAACCGGAGGAAGGTGGGATGACGTCAATCATCAT
GCCCCTTATGACCTGGGCTACCACGTGCTACATGGATGGTACACGAGTTGC
GAGACCCCAGGTCAGCTAATCCTTAAGCCTTTCCAGTTCGGACGTAGGCTG
CACTCCCTACCAAGTCGGATCGCAGTATCCGGATCAC
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B.19 16 S ribosomal RNA gene partial sequence for k5-3a

GCCTAATACATGCAAGTCGAACGAGTTCTTGTTGATGATCGGTGCTTGCACC
GAGATTCAACATGGAACGAGTGGCGGACGGGTGAGTAACACGTGGGTAAC
CTGCCCTTAAGTGGGGGATAACATTTGGAAACAGATGCTAATACCGCATAG
ATCCAAGAACCGCATGGTTCTTGGCTGAAAGATGGCGTAAGCTATCGCTTTT
GGATGGACCCGCGGCGTATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGG
CGATGATACGTAGCCGAACTGAGAGGTTGATCGGCCACATTGGGACTGAGA
CACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGA
CGCAAGTCTGATGGAGCAACGCCGCGTGAGTGAAGAAGGCTTTCGGGTCGT
AAAACTCTGTTGTTGGAGAAGAATGGTCGGCAGAGTAACTGTTGTCGGCGT
GACGGTATCCAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGT
AATACGTAGGTGGCAAGCGTTATCCGGATTTATTGGGCGTAAAGCGAGCGC
AGGCGGTTTTTTAAGTCTGATGTGAAAGCCCTCGGCTTAACCGAGGAAGCG
CATCGGAAACTGGGAAACTTGAGTGCAGAAGAGGACAGTGGAACTCCATG
TGTAGCGGTGAAATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCG
GCTGTCTGGTCTGTAACTGACGCTGAGGCTCGAAAGCATGGGTAGCGAACA
GGATTAGATACCCTGGTAGTCCATGCCGTAAACGATGAATGCTAGGTGTTG
GAGGGTTTCCGCCCTTCAGTGCCGCAGCTAACGCATTAAGCATTCCGCCTGG
GGAGTACGACCGCAAGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCAC
AAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAG
GTCTTGACATCTTTTGATCACCTGAGAGATCAGGTTTCCCCTTCGGGGGCAA
AATGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTT
AAGTCCCGCAACGAGCGCAACCCTTATGACTAGTTGCCAGCATTTAGTTGG
GCACTCTAGTAAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACG
TCAAATATCATGCCCCTTATGACCTGGGCTACCCCCGTGCTACAATGGAGG
GACAACGAGTTGCAGACCGGGAGTCAAGCTAATCTTTAAGGCCTTTTTAGT
TCGGACTGGAGGGTGGAACTGGC
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B.20 16 S ribosomal RNA gene partial sequence for k5-5a

TGCAAGTCGAACGAGTTCTCGTTGATGATCGGTGCTTGCACCGAGATTCAA
CATGGAACGAGTGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCTTAA
GTGGGGGATAACATTTGGAAACAGATGCTAATACCGCATAGATCCAAGAAC
CGCATGGTTCTTGGCTGAAAGATGGCGTAAGCTATCGCTTTTGGATGGACCC
GCGGCGTATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCGATGATACG
TAGCCGAACTGAGAGGTTGATCGGCCACATTGGGACTGAGACACGGCCCAA
ACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGCAAGTCTG
ATGGAGCAACGCCGCGTGAGTGAAGAAGGCTTTCGGGTCGTAAAACTCTGT
TGTTGGAGAAGAATGGTCGGCAGAGTAACTGTTGTCGGCGTGACGGTATCC
AACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAG
GTGGCAAGCGTTATCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTT
TTTAAGTCTGATGTGAAAGCCCTCGGCTTAACCGAGGAAGCGCATCGGAAA
CTGGGAAACTTGAGTGCAGAAGAGGACAGTGGAACTCCATGTGTAGCGGTG
AAATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCGGCTGTCTGGTC
TGTAACTGACGCTGAGGCTCGAAAGCATGGGTAGCGAACAGGATTAGATAC
CCTGGTAGTCCATGCCGTAAACGATGAATGCTAGGTGTTGGAGGGTTTCCG
CCCTTCAGTGCCGCAGCTAACGCATTAAGCATTCCGCCTGGGGAGTACGAC
CGCAAGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGA
GCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACAT
CTTTTGATCACCTGAGAGATCAGGTTTCCCCTTCGGGGGCAAAATGACAGG
TGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGC
AACGAGCGCAACCCTTATGACTAGTTGAC
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B.21 16 S ribosomal RNA gene partial sequence for k5-11

GGCTCGCTCCCTAAAGGGTTACGCCACCGGCTTCGGGTGTTACAAACTCTCA
TGGTGTGACGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCGT
GCTGATCCGCGATTACTAGCGATTCCGACTTCGTGTAGGCGAGTTGCAGCCT
ACAGTCCGAACTGAGAATGGCTTTAAGAGATTAGCTTGACCTCGCGGTCTC
GCAACTCGTTGTACCATCCATTGTAGCACGTGTGTAGCCCAGGTCATAAGG
GGCATGATGATTTGACGTCATCCCCACCTTCCTCCGGTTTGTCACCGGCAGT
CTTACTAGAGTGCCCAACTAAATGCTGGCAACTAGTCATAAGGGTTGCGCT
CGTTGCGGGACTTAACCCAACATCTCACGACACGAGCTGACGACAACCATG
CACCACCTGTCATTTTGCCCCCGAAGGGGAAACCTGATCTCTCAGGTGATCA
AAAGATGTCAAGACCTGGTAAGGTTCTTCGCGTTGCTTCGAATTAAACCAC
ATGCTCCACCGCTTGTGCGGGCCCCCGTCAATTCCTTTGAGTTTCAACCTTG
CGGTCGTACTCCCCAGGCGGAATGCTTAATGCGTTAGCTGCGGCACTGAAG
GGCGGAAACCCTCCAACACCTAGCATTCATCGTTTACGGCATGGACTACCA
GGGTATCTAATCCTGTTCGCTACCCATGCTTTCGAGCCTCAGCGTCAGTTAC
AGACCAGACAGCCGCCTTCGCCACTGGTGTTCTTCCATATATCTACGCATTT
CACCGCTACACATGGAGTTCCACTGTCCTCTTCTGCACTCAAGTTTCCCAGT
TTCCGATGCGCTTCCTCGGTTAAGCCGAGGGCTTTCACATCAGACTTAAAAA
ACCGCCTGCGCTCGCTTTACGCCCAATAAATCCGGATAACGCTTGCCACCTA
CGTATTACCGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTGGATA
CCGTCACGCCGGCAACAGTTACTCTGCCGACCATTCTTCTCCAACAACAGA
GTTTTACGACCCGAAAGCCTTCTTCACTCAGGCGGCGTTGCTCCATCAAACT
TGCGTCCATTGTGGAAGATTCCCTACTGCTGCCTCCCGTAGGAATTTGGGCC
GGGTCTCATTCCCAATGTGGCCAATCAACCTTCAATTCGGCTACGTATCACC
GCCTTGGTGAACCCTTACCTCCCCACCAAGCTAAACCCCCCGGGTTCCATCC
AAAGCGATAACTTACCCCTTCTTTACCCAC
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B.22 16 S ribosomal RNA gene partial sequence for k5-14

GCTCGCTCCCTAAAGGGTTACGCCACCGGCTTCGGGTGTTACAAACTCTCAT
GGTGTGACGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCGTG
CTGATCCGCGATTACTAGCGATTCCGACTTCGTGTAGGCGAGTTGCAGCCTA
CAGTCCGAACTGAGAATGGCTTTAAGAGATTAGCTTGACCTCGCGGTCTCG
CAACTCGTTGTACCATCCATTGTAGCACGTGTGTAGCCCAGGTCATAAGGG
GCATGATGATTTGACGTCATCCCCACCTTCCTCCGGTTTGTCACCGGCAGTC
TTACTAGAGTGCCCAACTAAATGCTGGCAACTAGTCATAAGGGTTGCGCTC
GTTGCGGGACTTAACCCAACATCTCACGACACGAGCTGACGACAACCATGC
ACCACCTGTCATTTTGCCCCCGAAGGGGAAACCTGATCTCTCAGGTGATCA
AAAGATGTCAAGACCTGGTAAGGTTCTTCGCGTTGCTTCGAATTAAACCAC
ATGCTCCACCGCTTGTGCGGGCCCCCGTCAATTCCTTTGAGTTTCAACCTTG
CGGTCGTACTCCCCAGGCGGAATGCTTAATGCGTTAGCTGCGGCACTGAAG
GGCGGAAACCCTCCAACACCTAGCATTCATCGTTTACGGCATGGACTACCA
GGGTATCTAATCCTGTTCGCTACCCATGCTTTCGAGCCTCAGCGTCAGTTAC
AGACCAGACAGCCGCCTTCGCCACTGGTGTTCTTCCATATATCTACGCATTT
CACCGCTACACATGGAGTTCCACTGTCCTCTTCTGCACTCAAGTTTCCCAGT
TTCCGATGCGCTTCCTCGGTTAAGCCGAGGGCTTTCACATCAGACTTAAAAA
ACCGCCTGCGCTCGCTTTACGCCCAATAAATCCGGATAACGCTTGCCACCTA
CGTATTACCGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTGGATA
CCGTCACGCCGGCAACAGTTACTCTGCCGACCATTCTTCTCCAACAACAGA
GTTTTACAACCCCAAAGCCTTCTTCACTCAGGCGGCGTTGCTCCATCAAACT
TGCGTCCATTGTGGAAGAATCCCTACTGCTGCCTCCCGTAGGATTTGGGCCG
GGTCCCACTCCCAAGGGGGCCAATCAACCTCCCAGTTCGGCG
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B.23 16 S ribosomal RNA gene partial sequence for k5-15

GGCTCGCTCCCTAAAAGGGTTACGCCACCGGCTTCGGGTGTTACAAACTCTC
ATGGTGTGACGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCG
TGCTGATCCGCGATTACTAGCGATTCCGACTTCGTGTAGGCGAGTTGCAGCC
TACAGTCCGAACTGAGAATGGCTTTAAGAGATTAGCTTGACCTCGCGGTCT
CGCAACTCGTTGTACCATCCATTGTAGCACGTGTGTAGCCCAGGTCATAAG
GGGCATGATGATTTGACGTCATCCCCACCTTCCTCCGGTTTGTCACCGGCAG
TCTTACTAGAGTGCCCAACTAAATGCTGGCAACTAGTCATAAGGGTTGCGC
TCGTTGCGGGACTTAACCCAACATCTCACGACACGAGCTGACGACAACCAT
GCACCACCTGTCATTTTGCCCCCGAAGGGGAAACCTGATCTCTCAGGTGATC
AAAAGATGTCAAGACCTGGTAAGGTTCTTCGCGTTGCTTCGAATTAAACCA
CATGCTCCACCGCTTGTGCGGGCCCCCGTCAATTCCTTTGAGTTTCAACCTT
GCGGTCGTACTCCCCAGGCGGAATGCTTAATGCGTTAGCTGCGGCACTGAA
GGGCGGAAACCCTCCAACACCTAGCATTCATCGTTTACGGCATGGACTACC
AGGGTATCTAATCCTGTTCGCTACCCATGCTTTCGAGCCTCAGCGTCAGTTA
CAGACCAGACAGCCGCCTTCGCCACTGGTGTTCTTCCATATATCTACGCATT
TCACCGCTACACATGGAGTTCCACTGTCCTCTTCTGCACTCAAGTTTCCCAG
TTTCCGATGCGCTTCCTCGGTTAAGCCGAGGGCTTTCACATCAGACTTAAAA
AACCGCCTGCGCTCGCTTTACGCCCAATAAATCCGGATAACGCTTGCCACCT
ACGTATTACCGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTGGAT
ACCGTCACGCCGACAACAGTTACTCTGCCGACCATTCTTCTCCAACAACAG
AGTTTTACGACCCGAAAGCCTTCTTCACTCAGGCGGCGTTGCTCCATCAGAC
TTGCGTCCATTGTGGAAGATTCCCTACTGCTGCCTCCCCTAAGAATTTGGGC
CGTGTCTCAGTCCCAATGTGGCCGATCAACCTCTCAATTCGGCTACATATCA
TCCCCTTGGTGAACCCTTACCTCCCCACTAGCTTAAACCCCCGGGTCCCTCC
AAAAGGAATGCTTACGCCTCTTTTACCCAAAAACATGGCGGGTTTCTGGATT
TTGCGGTTTAACCTCTTTTTCCAAGTTATCCCCCCTTAGGGGG
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B.24 16 S ribosomal RNA gene partial sequence for k6-1

GCAAGTCGAACGAGTTCTCGTTGATGATCGGTGCTTGCACCGAGATTCAAC
ATGGAACGAGTGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCTTAAG
TGGGGGATAACATTTGGAAACAGATGCTAATACCGCATAGATCCAAGAACC
GCATGGTTCTTGGCTGAAAGATGGCGTAAGCTATCGCTTTTGGATGGACCC
GCGGCGTATTAGCTAGTTGGTGAGGTAATGGCTCACCAAGGCGATGATACG
TAGCCGAACTGAGAGGTTGATCGGCCACATTGGGACTGAGACACGGCCCAA
ACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGCAAGTCTG
ATGGAGCAACGCCGCGTGAGTGAAGAAGGCTTTCGGGTCGTAAAACTCTGT
TGTTGGAGAAGAATGGTCGGCAGAGTAACTGTTGCCGGCGTGACGGTATCC
AACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAG
GTGGCAAGCGTTATCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTT
TTTAAGTCTGATGTGAAAGCCCTCGGCTTAACCGAGGAAGCGCATCGGAAA
CTGGGAAACTTGAGTGCAGAAGAAGACAGTGGAACTCCATGTGTAGCGGTG
AAATGCGTAGATATATGGAAGAACACCAGTGGCGAAAGCGGCTGTCTGGTC
TGTAACTGACGCTGAGGCTCGAAAGCATGGGTAGCGAACAGGATTAGATAC
CCTGGTAGTCCATGCCGTAAACGATGAATGCTAGGTGTTGGAGGGTTTCCG
CCCTTCAATGCCGCAGCTAACGCATTAAGCATTCCGCCTGGGGAGTACGAC
CGCCAGGTTGAAACTCAAAGGAATTGACGGGGGCCCCCACAACCGGTGGA
GCATGTGGTTTAATTCAAGCAACCCGAGAAACCTTACCAGGGCTTGACTTCT
TTTGATCACCTGAAAAATCAGGTTTCCCCTTCGGGGGCAAAATGACAGGGG
GGGCATGGTTGTCCTCCACCCCCGTCCGGGAAATTTGGGTTAATTCCCCCAC
CAAGGCAACCCTTTTAACAATTGCCGCCATTTATTTGGGCCCTCTTTAAAAA
TGCCGGGGAAAACCCGAGGAAGGGGGGGTAAAGTCAAAATCCTTGGCCCC
TTTAAACCGGGGTCACCCCGGTCCACTGGAGGGGAAACCAAGTTTGGGAAC
CCGGGGTAAGCTAATTCTTTAAGGCCTTTCCCTTTGGGAGGGGGGGGGCAC
CCCCCTCCCAAAACGGGAAATCTGGTAATTCGGAAAAAACCCCCCGGGGAA
AATTTCCCG
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B.25 16 S ribosomal RNA gene partial sequence for k6-3a

TGCAAGTCGAGCGAGCAGAACCAGCAGATTTACTTCGGTAATGACGCTGGG
GACGCGAGCGGCGGATGGGTGAGTAACACGTGGGGAACCTGCCCCATAGT
CTAGGATACCACTTGGAAACAGGTGCTAATACCGGATAATAAAGCAGATCG
CATGATCAGCTTATAAAAGGCGGCGTAAGCTGTCGCTATGGGATGGCCCCG
CGGTGCATTAGCTAGTTGGTAAGGTAACGGCTTACCAAGGCAATGATGCAT
AGCCGAGTTGAGAGACTGAACGGCCACATTGGGACTGAGACACGGCCCAA
ACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGCAAGTCTG
ATGGAGCAACGCCGCGTGAGTGAAGAAGGTTTTCGGATCGTAAAGCTCTGT
TGTTGGTGAAGAAGGATAGAGGTAGTAACTGGCCTTTATTTGACGGTAATC
AACCAGAAAGTCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGG
TGGCAAGCGTTGTCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGAAGA
ATAAGTCTGATGTGAAAGCCCTCGGCTTAACCGAGGAATTGCATCGGAAAC
TGTTTTTCTTGAGTGCAGAAGAGGAGAGTGGAACTCCATGTGTAGCGGTGG
AATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCGGCTCTCTGGTCT
GCAACTGACGCTGAGGCTCGAAAGCATGGGTAGCGAACAGGATTAGATAC
CCTGGTAGTCCATGCCGTAAACGATGAGTGCTAAGTGTTGGGAGGTTTCCG
CCTCTCAGTGCTGCAGCTAACGCATTAAGCACTCCGCCTGGGGAGTACGAC
CGCAAGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGA
GCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACAT
CTAGTGCCATCCTAAGAGATTAGGAGTTCCCTTCGGGGACGCTAAGACAGG
TGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGC
AACGAGCGCAACCCTTATTATTAGTTGCCAGCATTAAGTTGGGCACTCTAAT
GAGACTGCCGGTGACAAACCGGAGGAAGGGGGGGATGACCTCAAGCATCA
TGCCCCTT
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B.26 16 S ribosomal RNA gene partial sequence for k6-6a

TCGAACGAGTTCTCGTTGATGATCGGTGCTTGCACCGAGATTCAACATGGA
ACGAGTGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCTTAAGTGGGG
GATAACATTTGGAAACAGATGCTAATACCGCATAGATCCAAGAACCGCATG
GTTCTTGGCTGAAAGATGGCGTAAGCTATCGCTTTTGGATGGACCCGCGGC
GTATTAGCTAGTTGGTGAGGTAATGGCTCACCAAGGCGATGATACGTAGCC
GAACTGAGAGGTTGATCGGCCACATTGGGACTGAGACACGGCCCAAACTCC
TACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGCAAGTCTGATGGA
GCAACGCCGCGTGAGTGAAGAAGGCTTTCGGGTCGTAAAACTCTGTTGTTG
GAGAAGAATGGTCGGCAGAGTAACTGTTGCCGGCGTGACGGTATCCAACCA
GAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCA
AGCGTTATCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTTTTTAAG
TCTGATGTGAAAGCCCTCGGCTTAACCGAGGAAGCGCATCGGAAACTGGGA
AACTTGAGTGCAGAAGAGGACAGTGGAACTCCATGTGTAGCGGTGAAATGC
GTAGATATATGGAAGAACACCAGTGGCGAAGGCGGCTGTCTGGTCTGTAAC
TGACGCTGAGGCTCGAAAGCATGGGTAGCGAACAGGATTAGATACCCTGGT
AGTCCATGCCGTAAACGATGAATGCTAGGTGTTGGAGGGTTTCCGCCCTTC
AGTGCCGCAGCTAACGCATTAAGCATTCCGCCTGGGGAGTACGACCGCAAG
GTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGT
GGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCTTTTGA
TCACCTGAAAGATCAGGTTTCCCCTTCGGGGGCAAATGACAGGGGGTGCAT
GGTTGCCGTCAGCCCGGGGCAGGAGAGTTTGGGGTTAAGTCCTGAACTG
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B.27 16 S ribosomal RNA gene partial sequence for k6-7

GCAGTCGAACGAGTTCTCGTTGATGATCGGTGCTTGCACCGAGATTCAACA
TGGAACGAGTGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCTTAAGT
GGGGGATAACATTTGGAAACAGATGCTAATACCGCATAGATCCAAGAACCG
CATGGTTCTTGGCTGAAAGATGGCGTAAGCTATCGCTTTTGGATGGACCCGC
GGCGTATTAGCTAGTTGGTGAGGTAATGGCTCACCAAGGCGATGATACGTA
GCCGAACTGAGAGGTTGATCGGCCACATTGGGACTGAGACACGGCCCAAAC
TCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGCAAGTCTGAT
GGAGCAACGCCGCGTGAGTGAAGAAGGCTTTCGGGTCGTAAAACTCTGTTG
TTGGAGAAGAATGGTCGGCAGAGTAACTGTTGCCGGCGTGACGGTATCCAA
CCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTG
GCAAGCGTTATCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTTTTT
AAGTCTGATGTGAAAGCCCTCGGCTTAACCGAGGAAGCGCATCGGAAACTG
GGAAACTTGAGTGCAGAAGAGGACAGTGGAACTCCATGTGTAGCGGTGAA
ATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCGGCTGTCTGGTCTG
TAACTGACGCTGAGGCTCGAAAGCATGGGTAGCGAACAGGATTAGATACCC
TGGTAGTCCATGCCGTAAACGATGAATGCTAGGTGTTGGAGGGTTTCCGCC
CTTCAGTGCCGCAGCTAACGCATTAAGCATTCCGCCTGGGGAGTACGACCG
CAAGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGC
ATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCTT
TTGATCACCTGAGAGATCAGGTTTCCCCTTCGGGGGCAAAATGACAGGTGG
TGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAAC
GAGCGCAACCCTTATGACTAGTTGCCAGCATTTAGTTGGGCACTCTAGTAA
GACTGCCGGTGACAACCGGAGGAAGGTGGGGATGACGTCAATCATCATGCC
CcC
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B.28 16 S ribosomal RNA gene partial sequence for k6-9a

TGCAAGTCGAACGAGTTCTCGTTGATGATCGGTGCTTGCACCGAGATTCAA
CATGGAACGAGTGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCTTAA
GTGGGGGATAACATTTGGAAACAGATGCTAATACCGCATAGATCCAAGAAC
CGCATGGTTCTTGGCTGAAAGATGGCGTAAGCTATCGCTTTTGGATGGACCC
GCGGCGTATTAGCTAGTTGGTGAGGTAATGGCTCACCAAGGCGATGATACG
TAGCCGAACTGAGAGGTTGATCGGCCACATTGGGACTGAGACACGGCCCAA
ACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGCAAGTCTG
ATGGAGCAACGCCGCGTGAGTGAAGAAGGCTTTCGGGTCGTAAAACTCTGT
TGTTGGAGAAGAATGGTCGGCAGAGTAACTGTTGCCGGCGTGACGGTATCC
AACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAG
GTGGCAAGCGTTATCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTT
TTTAAGTCTGATGTGAAAGCCCTCGGCTTAACCGAGGAAGCGCATCGGAAA
CTGGGAAACTTGAGTGCAGAAGAGGACAGTGGAACTCCATGTGTAGCGGTG
AAATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCGGCTGTCTGGTC
TGTAACTGACGCTGAGGCTCGAAAGCATGGGTAGCGAACAGGATTAGATAC
CCTGGTAGTCCATGCCGTAAACGATGAATGCTAGGTGTTGGAGGGTTTCCG
CCCTTCAGTGCCGCAGCTAACGCATTAAGCATTCCGCCTGGGGAGTACGAC
CGCAAGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGA
GCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACAT
CTTTTGATCACCTGAGAGATCAGGTTTCCCCTTCGGGGGCAAAATGACAGG
TGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGC
AACGAGCGCAACCCTTATGACTAGTTGCCAGCATTTAGTTGGGCACTCTAGT
AAGACTGCCGGTGACAACCGGAAGGAAGGTGGGGATGACGTCAAATCATC
ATGCCCCTTATGACCTGG
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B.29 16 S ribosomal RNA gene partial sequence for k6-12

TGCTTGCACCGAGATTCAACATGGGAACGAGTGGCGGACGGGTGAGTAACA
CGTGGGTAACCTGCCCTTAAGTGGGGGATAACATTTGGAAACAGATGCTAA
TACCGCATAGATCCAAGAACCGCATGGTTCTTGGCTGAAAGATGGCGTAAG
CTATCGCTTTTGGATGGACCCGCGGCGTATTAGCTAGTTGGTGAGGTAACG
GCTCACCAAGGCGATGATACGTAGCCGAACTGAGAGGTTGATCGGCCACAT
TGGGACTGAGACACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATC
TTCCACAATGGACGCAAGTCTGATGGAGCAACGCCGCGTGAGTGAAGAAG
GCTTTCGGGTCGTAAAACTCTGTTGTTGGAGAAGAATGGTCGGCAGAGTAA
CTGTTGTCGGCGTGACGGTATCCAACCAGAAAGCCACGGCTAACTACGTGC
CAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTATCCGGATTTATTGGGC
GTAAAGCGAGCGCAGGCGGTTTTTTAAGTCTGATGTGAAAGCCCTCGGCTT
AACCGAGGAAGCGCATCGGAAACTGGGAAACTTGAGTGCAGAAGAGGACA
GTGGAACTCCATGTGTAGCGGTGAAATGCGTAGATATATGGAAGAACACCA
GTGGCGAAGGCGGCTGTCTGGTCTGTAACTGACGCTGAGGCTCGAAAGCAT
GGGTAGCGAACAGGATTAGATACCCTGGTAGTCCATGCCGTAAACGATGAA
TGCTAGGTGTTGGAGGGTTTCCGCCCTTCAGTGCCGCAGCTAACGCATTAAG
CATTCCGCCTGGGGAGTACGACCGCAAGGTTGAAACTCAAAGGAATTGACG
GGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAA
GAACCTTACCAGGTCTTGACATCTTTTGATCACCTGAGAGATCAGGTTTCCC
CTTCGGGGGCAAAATGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGT
GAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTATGACTAGTTG
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B.30 16 S ribosomal RNA gene partial sequence for k6-14

GGCTCGCTCCCTAAAGGGTTACGCCACCGGCTTCGGGTGTTACAAACTCTCA
TGGTGTGACGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCGT
GCTGATCCGCGATTACTAGCGATTCCGACTTCGTGTAGGCGAGTTGCAGCCT
ACAGTCCGAACTGAGAATGGCTTTAAGAGATTAGCTTGACCTCGCGGTCTC
GCAACTCGTTGTACCATCCATTGTAGCACGTGTGTAGCCCAGGTCATAAGG
GGCATGATGATTTGACGTCATCCCCACCTTCCTCCGGTTTGTCACCGGCAGT
CTTACTAGAGTGCCCAACTAAATGCTGGCAACTAGTCATAAGGGTTGCGCT
CGTTGCGGGACTTAACCCAACATCTCACGACACGAGCTGACGACAACCATG
CACCACCTGTCATTTTGCCCCCGAAGGGGAAACCTGATCTCTCAGGTGATCA
AAAGATGTCAAGACCTGGTAAGGTTCTTCGCGTTGCTTCGAATTAAACCAC
ATGCTCCACCGCTTGTGCGGGCCCCCGTCAATTCCTTTGAGTTTCAACCTTG
CGGTCGTACTCCCCAGGCGGAATGCTTAATGCGTTAGCTGCGGCACTGAAG
GGCGGAAACCCTCCAACACCTAGCATTCATCGTTTACGGCATGGACTACCA
GGGTATCTAATCCTGTTCGCTACCCATGCTTTCGAGCCTCAGCGTCAGTTAC
AGACCAGACAGCCGCCTTCGCCACTGGTGTTCTTCCATATATCTACGCATTT
CACCGCTACACATGGAGTTCCACTGTCCTCTTCTGCACTCAAGTTTCCCAGT
TTCCGATGCGCTTCCTCGGTTAAGCCGAGGGCTTTCACATCAGACTTAAAAA
ACCGCCTGCGCTCGCTTTACGCCCAATAAATCCGGATAACGCTTGCCACCTA
CGTATTACCGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTGGATA
CCGTCACGCCGGCAACAGTTACTCTGCCGACCATTCTTCTCCACAACAAAAT
TTTACGACCCGAAAGCCTT
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APPENDIX C
C. BLAST ANALYSIS OF PARTIAL 16S rRNA GENE OF KEFIR ISOLATES

C.1 Blast analysis and alignment results for k2-2a

Sequences producing significant alignments Download Manage Columns ~ Show ©
selectall 100 sequences selected GenBank Graphics Distance tree of results
Descrpton Sewe | See | Cover vatue | o |0
L bacillus gallinarum strain ATCC 33199 165 ribosomal RNA, partial sequence 2089 2089 100% 0.0 99.22% NR_0421111
L bacillus gallinarum strain JCM 2011 168 rik | RNA partial sequence 2089 2089 100% 0.0 9922% NR_113261.1
Lactobacillus gallinarum strain ATCC 33199 16S ribosomal RNA, partial sequence 2089 2089 100% 00 99.22% NR_117061.1
Lactobacillus helveticus strain NBRC 15019 168 ribosomal RNA, partial sequence 2078 2078 100% 0.0 99.05% NR_113719.1
L bacillus helveticus DSM 20075 = CGMCC 1.1877 165 ribesomal RNA, partial sequence 2078 2078 100% 0.0 99.05% NR_117060.1
L bacillus helveticus DSM 20075 = CGMCC 1.1877 168 ribosomal RNA, partial sequence 2078 2078 100% 0.0 99.05% NR_0424391
L bacillus acidophilus strain NBRC 13951 168 rit | RNA, partial sequence 2006 2006 100% 0.0 97.93% NR_1136381
Lactobacillus acidophilus sirain VP 6032 165 ribosomal RNA, partial sequence 2006 2006 100% 00 97.93% NR_117062.1
L bacillus acidophilus strain JCM 1132 165 ribosomal RNA, partial sequence 2006 2006 100% 0.0 97.93% NR_117812.1
Lactobacillus acidophilus strain BCRC10695 16S ribosomal RNA, partial sequence 2006 2006 100% 0.0 97.93% NR_0431821

Lactobacillus gallinarum strain ATCC 33199 16S ribosomal RNA, partial sequence
Sequence ID: NR_042111.1 Length: 1546 Number of Matches: 1

Range 1: 45 to 1202 GenBank Graphics

Score Expect Identities Gaps Strand

2089 bits(1131) 0.0 1149/1158(99%) 0/1158(0%) Plus/Plus

Query 1 CGAGCGAGCAGAACCAGCAGATTTACTTCGGTAATGACGCTGGGGACGCGAGCGGLCGGAT 68
III|IIII|II||I||I||IIIIIII||I|||I||I||IIIIIII||I||||||I||III

Shbjct 45 AGCGAGCAGAACCA GATTTACTTCGGTAATGACGCTGGGGACGCGAGCGGCGG 184

s s

Sbjct 185 GGGTGAGTAACACGTGGGGAACCTGCCCCATAGTCTGGGATACCACTTGGAAACAGG 164

Query 121 TAATACCGGATAATAAAGCAGATCGCATGATCAGCTTATAAAAGGCGGCGTAAGCTGTCG 188

PELLELLCEtE e P ettt e e b e e e et
Sbjct 165  TAATACCGGATAAGAAAGCAGATCGCATGATCAGCTTATAAAAGGCGGCGTAAGCTGTCG 224

Query 181  CTATGGGATGGCCCCGCGGTGCATTAGCTAGTTGGTAAGGTAACGGCTTACCAAGGCAAT 248
III|IIII|II||I||I||IIIIIII||I|||I||I||IIIIIII||I||||||I||III

Sbjct 225 TATGGGATGGCCCCGLGGTGCATTAGCTAGTTGGTAAGGTAACGGCTTACCAAG 284
e T T T LT T T T T
Sbjct 285 GATGCATAGCCGAGTTGAGAGACTGATCGGCCACATTGGLACTGAGACACGGCCC 344

Query 301 CCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGCAAGTCTGATGGAGCAACGC 36@

FELEEEEre ettt e et e et eee it
Sbjct 345  CCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGCAAGTCTGATGGAGCAACGC 404

Query 361 CGCGTGAGTGAAGAAGGTTTTCGGATCGTAAAGCTCTGTTGTTGGTGAAGAAGGATAGAG 420

Sbjct 4@5 CeCGTEAGTGAAGAAGGTTTTCGGATCGTAAAGCTCTGTTGTTGGTGAAGAAGGATAGA 464
e |TTTTTTTT??TTTTTTTTI?TT?TTTTTTTT?TT?TT??TTTT?TTTTTTTTT?TT?TT -
Sbjct 465 GTAGTAACTGGCCTTTATTTGACGGTAAT CAACCAGAAAGTCACGGCTAACTACGTGCCA 524
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Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct

465
431
525
541
585
61
645
66l
785
721
765
781
825
841
885
gl
945
961
leas
1e21

1865
1821

1865
1881
1125
1141
1185

GTAGTAACTGGCCTTTATTTGACGGTAATCAACC

GAAAGTCACGGCTAACTACGTGCCA
GCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGATTTATTGGGCGTAAAGCGAGC

GCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGATTTATTGGGCGT AAAGCGAGT
GCAGGCGGAAGAATAAGTCTGATGTGARAGCCCTCGGCTTAACCGAGGAATTGCATCGGA

GCAGGCGGAAGAATAAGTCTGATGTGAAAGCCCTCGGCTTAACCGAGGAACTGCATCGGA

AACTGTTTTTCTTGAGTGCAGAAGAGGAGAGT GGAACT CCATGTGTAGCGGTGGAATGCG

CELLLLLLLELEE UL E e e e e e e e L e e e et
AACTGTTTTTCTTGAGTGCAGAAGAGGAGAGTGGAACTCCATGTGTAGCGGETGGAATGLG

TAGATATATGGAAGAACACCAGTGGCGAAGGCGGCTCTCTGGTCTGCAACTGACGCTGAG

CECLLELLLELEECEECLEC e e e e e e e L L e et |
TAGATATATGGAAGAACACCAGTGGCGAAGGCGGCTCTCTGGTCTGCAACTGACGCTGAG

GCTCGAAAGCATGGETAGCGAACAGGATTAGATACCCTGRTAGTCCATGCCGTAAACGAT

CELUEERLLELLELEEE e e e e e e e L e e it
GCTCGAAAGCATGGETAGCGAACAGGATTAGATACCCTGGTAGTCCATGCCGTAAACGAT

GAGTGCTAAGTGTTGGGAGGTTTCCGCCTCTCAGTGCTGCAGCTAACGCAT TAAGCACTC

CELLRELCELTLLE e et EEL e e e L et L ey
GAGTGCTAAGTGTTGGGAGGTTTCCGCTTCTCAGTGCTGCAGCTAACGCAT TAAGCACTC

CGCCTGGAGAGTACGACCGCAAGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAG

I|||I||I||I||I||I|II||II||||||||I|II||II|I|II|||I|||||I||I||
CGCCTGGGGAGTACGACCGCAAGGTT ACGGGGGCCCGCACAA

CGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCT
CELLEEREEELEEEE e e e e e e e e e e e e ey

COGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCT
AGTGCCATCCTAAGAGATTAGGAGT TCCCTTCOGGGRACGCTAAGACAGGTGGTGCATGGL

AGTGCCATCCTAAGAGATTAGGAGT TCCCTTCOGGGRACGCTAAGACAGGTGGTGCATGGL
TGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTATT

TGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTT

TGTCGTCAGCTCGTGTCGTGAGATGT TGGGTTAAGTCCCGCAACGAGCGCAACCCTTATT

TETCOTCAGCTCGTGTCOGTGAGATGT TGRGTTAAGTCCCGCAACGAGCGCAACCCTTGTT

524
548
584
6Be
644
6o
704
728
764
788
824
348
884
o6
944
968
lge4
182@
1864
1888

1124
1854

1124

ATTAGTTGCCAGCATTAAGTTGGGCACTCTAATGAGACTGCCGGGGACAAACCGLAGGAA 114a

ATTAGTTGCCAGCATTAAGTTGGGCACTCTAATGAGACTGCCAGTGACAAACCGLAGGAA 1134

??g?%%?ﬁTGACGCCAAG 1158

[TPETT 1L
GGTGGGGATGACGTCAAG 12082
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C.2 Blast analysis and alignment results for k2-3

Lactobacillus gallinarum strain ATCC 33199 165 ribosomal RNA, partial sequence 2006 2006 99% 0.0 9919%
Lactobacillus gallinarum strain JCM 2011 16S ribosomal RNA, partial sequence 2006 2006 99% 0.0 99.19%
Lactobacillus gallinarum strain ATCC 33199 165 ribosomal RNA, partial sequence 2008 2006 99% 00 99.19%
Lactobacillus helveticus strain NBRC 15019 165 ribosomal RNA, partial sequence 1985 1995 99% 0.0 99.01%
Lactobacillus helveticus DSM 20075 = CGMCC 1.1877 16S ribosemal RNA, partial sequence 1985 1995 9%% 00 99.01%
Lactobacillus helveticus DSM 20075 = CGMCC 1.1877 16S ribosomal RNA, partial sequence 1995 1995 99% 0.0 99.01%
1962 1962 99% 0.0 9847%
1962 1962 99% 0.0 9847%
1962 1962 99% 0.0 98.47%
Lactobacillus amyloverus DSM 20531 16S ribosomal RNA, partial sequence 1956 1956 99% 0.0 9838%
Lactobacillus amylovorus DSM 20531 16S ribosomal RNA, partial sequence 1956 1956 99% 0.0 9838%
Lactobacillus ultunensis strain CCUG 48460 168 ribosomal RNA, partial sequence 1951 1951 99% 00 9829%
Lactobacillus kitasatonis strain JCM 1039 165 ribosomal RNA, partial sequence 1951 1951 99% 0.0 9829%
Lactobacillus ul is strain Kx146C1 168 rib IRNA_partial sequance 1945 1945 99% 0.0 98.20%
Lactobacillus acidophilus strain NBRC 13951 16S ribosomal RNA,_partial sequence 1940 1940 99% 0.0 98.11%
Lactobacillus acidophilus strain VP 6032 165 ribosomal RNA,_partial sequence 1940 1940 99% 00 9811%
Lactobacillus acidophilus strain JCM 1132 165 ribosomal RNA, partial sequence 1940 1940 99% 00 98 11%
Lactobacillus acidophilus strain BCRC10695 165 ribosomal RNA _partial sequence 1940 1940 95% 0.0 98.11%
Lactobacillus gallinarum strain ATCC 33199 165 ribosomal RNA, partial sequence 1936 1936 99% 0.0 9803%
Lactobacillus intestinalis strain TH4 16S ribosomal RNA, partial sequence 1925 1925 98% 00 982T%
B o . J . -
Alignment
ka-3 G A AT T TG AT T GC A LA CT TOCAT GET G T AL TET ———————
1.ingest ——-TAGGTGGCARGCETTG———— TCCGGATTTATTGGGCGTARAGCGAGCGCAGGCGEAR
l.gallin ——TAGGTGECRAGIGTTG———— TG EATTTAT TG OCTARRGUCAGOGCAGGOGEAR
helvit ——TRAGGTGECRAGIGTTG———— TCCGEATTTAT TG CCTARARGUCRAGOGCAGGOGERR
kkkk k kk kkk Xk k kk kk kk kk &k &k ok Kk

-3 @ — —GTACAA GO CGEEARCCTATTCACCGOGGO T CTGAT ——COGTGATTACT
1.ingest AGATALGTCTGATGTGAAAGCCCCCGGCTTARCC GCATCGGARACTGTGTTT
l.gallin R TA T T GAT T AR GO CT O TTAR OO GRGERAACTGCATCGEARRCTGTTITTIT
helvit AT AT CTGAT T AR GO CT O T TR CCGRGERACTGCATCGRARRCTGTTTIT

k .3 k kk kk kkkk k¥ k k .3 k

¥2-3 BGCGATTCCAGCTTCATGCAGTCGAGT TECAGACTGCAGTCCGALCTGAGARCAGCTTTC
lL.intest CITeAGTGCAGA AL A GAC T GEARCTCCAT TG TAGCGE T GLARTGOCTAGATATATS
L.gallin CIT RGO AGA R G R GACT AR CTOC AT G T G TAGCGE T GERARTGUCTAGRATATEATG
helvit CITeAGTGCAGA A A GAC TR R TTCCAT T G TAGCGE T GLARTGOCTAGATATATS

kk k kkk .3 kkk &k k kX kX k kk k k¥ % k ok

¥2=3 AGAG-ATTCGCITGCCITCGLAGGCTCGCTICTC --ACTGCC--CATTGTAGCAC
l.intest GRALGA ARG TOEOEALGEOGECTCTCTGETICT GRCGCTGAGGCTCOGRRAGT
L.gallin AR e TR GG T CTCT G T CT G CARCT RO GCTGAGGCTCGRARGT
helvit AR A O e T AL G AT CTC T GG T CT AR C T GACGCTGAGGITCOGRARGT

kk % .3 k% &k k k kkk kk kk kk k .3 k
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NR_042111.1
NR_113261.1
NR_117061.1
NR_113719.1
NR_117060.1
NR_042439 1
NR_119274 1
NR_117063.1
NR_041800.1
NR_117064 1
NR_043287 1
NR_117065.1
NR_024813.1
NR_042802.1
NR_113638 1
NR_117062.1
NR_117812.1
NR_043182.1
NR_114722 1
NR_117071.1
I

103
113
113
113

1&3
173
173
173

213
233
233
233



Lactobacillus intestinalis strain TH4 16S ribosomal RNA, partial sequence
Sequence ID: NR_117071.1 Length: 1448 Number of Matches: 1

Range 1: 261 to 1360 GenBank Graphics

Score Expect Identities Gaps Strand

1925 bits(1042) 0.0 1081/1100(98%) 1/1100(0%) Plus/Minus
Query 14 GETTAGGCCACCGGCTTTGGGCATTGCAGACTTCCATGETGTGACGGGCGGTGTGTACAA T3
corer 1260 WAL LU T T
Query 74 GGCCCGGLAACGTATTCACCGCGGCGTTCTGATCCGCGATTACTAGCGATTCCAGCTTCG 133
coser 1300 SLLLCULHILECIL LT EHIL s
Query 134 TGCAGTCGAGTTGCAGACTGCAGTCCGAACTGAGAACAGCTTTCAGAGATTCGCTTGCCT 193
coser 1200 MU LM ST LI 1
Query 194 TCGCAGGCTCGCTTCTCGTTGTACTGCCCATTGTAGCACGTGTGTAGCCCAGGTCATAAG 253
corer 1100 WALHICHHIH DG S I
Query 254 GEGCATGATGACTTGACGTCATCCCCACCTTCCTCCGGTTTGTCACCGGCAGTCTCATTA 313
corer 1120 I LI U o,
Query 314 GAGTGCCCAACTTAATGCTGGCAACTAATAATAAGGGTTGCGCTCGTTGCGGGACTTAAC 373
corer 10c0 HSLULHAL SRR U KL LML LY s
Query 374 CCAACATCTCACGACACGAGCTGACGACAGCCATGCACCACCTGTCTTAGCGTCCCCGAA 433
coee 1000 MMM LI LTI o,
Query 434 GEGAACTCCTAATCTCTTAGGATGGCACTAGATGTCAAGACCTGGTAAGGTTCTTCGCGT 493
A [T T i
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Sbjct
Query
sbijct
Query
Sbjct
Query
sbijct
Query
Sbjct
Query
sbijct
Query
Sbjct
Query
sbijct
Query
Sbjct
Query
sbijct
Query
Sbjct
Query
sbijct

o448
494
288
554
228
&l1l4
768
G674
Jaa
734
548
a4
580
254
528
214
458
o774
488
1834
348
1893
288

Ly

GGGAACTCCTAATCTCTTAGEATGGCACTAGATGTCAAGACE TGGTAAGGETTCTTEELET
TGT{TT? TTAAACCACATGCTCCACCGCTTGTGCGGGCCCCCGTCA&TTCCTTTGTlT

| | [ELELELEE LT L L L il
TGC TGCTCCACCGCTTGTGCGGGCCCCCGTCAATTCCTTTGAG

TCAACCTTGCGGTCGTACTCCCCAGGLOGGAGTGCTTAATGOGTTAGC TGCAGCACTGAG

[EIL]]
CAACCTTGCGGTCGTACTCCCCAGGCGGAGTGCTTAATGCGTTAGC TGCAGCACTGAG
GCGGABAC TITTT CACTTAGCACTCATCGTTTACGGCATGGACTACCAGGGTATCT

GEAAACCTCCCAACACTTAGCACTCATCGTTTACGGCATGEACTACCAGGGETATC

CCTGTTCOUTACCCATGCTTTCGAGCCTCAGCGTCAGT TECAGAC CAGAGAGCCGL

AAT
CELLLELRLE L L L Ly IIIIIIIIIIIIIIIII
AATCCTGTTCGCTACCCATGCTTTCGAGCCTCAGCGTCAGT TACAGACCAGAGAGCCGT

TCGCCACTGGTGTTCTTCCATATATCTACGCATTCCACCGCTACACATGEAGTTCCA

TCECCACTGGTGTTCTTCCATATATCTACGCATTCCACCGCTACACATOEAGTTCCA

CTCCTCTTCTGCACTCAAGAANANC AGTTTCCOATGCAATTCCTCGET TAAGCCGAGGEC

LELERELR e el L L e L L L et L1
CTCCTCTTCTGCAC TCAAGAAACACAGTTTCCGATGCAATTCCTCGGT TAAGCCGGEGGEC

TTTCACATCAGACTTATTCTTCCGCCTGOGCTCGCTTTACGCCCAAT AAATCCGEACAAL

||||||||||||||||| |||||||||||||||||||||||||||||||||||||||||
TCACATCAGACTTATCTTTCCGCCTGCGCTCGCTTTACGCCCAATAAAT

GCTTGCCACCTACGTATTACCGCGGCTECTGGCACGTATTTAGCCGTGACTTTCTGGTTG

CELELELEL L L L e el L e itlnl
GCTTGCCACCTACGTATTACCGCGGCTGCTGGCACGTAGTTAGCCGTGACTTTC

[11]]
TGGTTG
ATTACCGTCA&ATA&AGGCC&GTT&CTACCTCTﬁTCCTTCTTCﬁCCAﬂC&ﬂCﬂ?TG TTT

TTACCGTCAAATAGGGGCCAGTTACTACCTCTATCCTTCTTC CAACAGAGCT

TT? TCC-AAAACCT TTCﬂCTCﬂGGCGGCGTTGCTCC&TCA&ACTTGCGTCC&TT?T?

A
I11] IIIIIIIIIIIIIIIII LLLLELIPEEe et 10l 11 111l
ACGATCCGAAAACCTTCTTCACTCACGCGGCGTTGCTCCATCAGGCTTTCGCCCATTGTG

TTCCCTACTGCTGCC 1112

TTCCCTACTGCTGCC 261
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281
553
821
513
7el
673
7el
7323

7o3
581
853
521
913
461
973
481
18332
341
1892
281



C.3 Blast analysis and alignment results for k2-3a

Sequences producing significant alignments load ge Col ~ Show | 100v | @
B selectall 100 sequences selected GenBank Graphics Distance tree of results

Max = Total Query E Per.
Description Accession
Score Score  Cover value Ident

Lactobacillus gallinarum sirain ATCC 33199 165 ribosomal RNA. partial sequence 1982 1982 100% 0.0 9945% NR 0421111
Lactobacillus gallinarum sirain JCM 2011 165 ribosomal RNA_partial sequence 1982 1982 100% 00 9945% NR 1132611
Lactobacillus gallinarum strain ATCC 33199 165 ribosomal RNA. partial sequence 1982 1982 100% 0.0 99.45% NR 117061.1
Lactobacillus helveticus sirain NBRC 15019 18S ribosomal RNA _partial sequence 1977 1977 100% 00 99.36% NR 1137191
Lactobacillus helveticus DSM 20075 = CGMCC 1.1877 165 ribosomal RNA, partial sequence 1977 1977 100% 0.0 99.36% NR 1170601
Lactobacillus helveticus DSM 20075 = CGMCC 1.1877 185 ribosomal RNA _partial 1977 1977 100% 00 9938% NR 0424391
1899 1899 100% 0.0 98.08% NE 1136381
Lactobacillus acidophilus strain VPI 032 165 ribosomal RNA _partial sequence 1899 1899 100% 0.0 938.08% NR 1170621
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Lactobacillus gallinarum strain ATCC 33199 165 ribosomal RNA, partial sequence
Sequence ID: NR_042111.1 Length: 1546 Number of Matches: 1

Range 1: 38 to 1128 GenBank Graphics

Score Expect Identities Gaps Strand
1982 bits(1073) 0.0 1085/1091(99%) 0/1091({0%) Plus/Plus
R T .
Sbjct 38 TGCAAGT CEAGCGAGCAGAACCAGCAGATTTACTTCGGTAATGACGCTGEGEACGCGAGC 97

Query 61 GOCGEATGEGTGAGTAACACGTGEGEAACCTGCCCCATAGTCTAGEATACCACTTGRARA 128

Sbjct 98  GGCGGATGGGTGAGTAACACGTGGEGGAACCTGCCCCATAGTCTGGGATACCACTTGGAAA 157
i ..
Sbjct 158  CAGGTGCTAATACCGGATAAGAAAGCAGATCGCATGATCAGCTTATAAAAGGC 217

Query 181  GCTGTCGCTATGGGATGGCCCCOQCOGTGCATTAGCTAGTTGGTAAGGTAACGGCTTACCA 243

Shjct 218  GCTGTCGCTATGGGATGGCCCCGCGGTGCATTAGCTAGTTGATAAGGTAACGGCTTACCA 277

e T T T

Sbjct 278  AGGCAATGATGCATAGCCGAGTTGAGAGACTGATCGGCCACATTGEGACTGAGACACGGL 337
Query 381 CCAAACTCCTACGGRAGGCAGCAGTAGGGAATCTTCCACAATGGACGCAAGTCTGATGRA 368

Sbjct 338 CCAAACTCCTACGGRAGGCAGCAGTAGGGAATCTTCCACAATGRACGCAAGTCTGATG 397
Query 361  GCAACGCCGCGTGAGTGAAGAAGGTTTTCGGATCGTAAAGCTCTGTTGTTGGTGAAGAAG 428

Sbjct 398  GCAACGCCGCGTGAGTGAAGAAGGTTTTCGGATCGTAAAGCTCTGTTGTTGATGAAGAAG 457
Query 421  GATAGAGGTAGTAACTGGCCTTTATTTGACGGTAATCAACCAGAAAGTCACGGCTAACTA 488

Sbjct 458  GATAGAGGTAGTAACTGGCCTTTATTTGACGGTAATCAACCAGAAAGTCACGGCTAACTA 517
Query 481  CGTGCCAGCAGCCGLGGTAATACGTAGGTGGCAAGCGTTGTCCGGATTTATTGGGECGTAA 548

Sbjct 518 COTGCCAGCAGCCGCEATAATACGTAGGTGGCAAGCGTTGTCCGLATTTATTGGGCGTAA 577
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Query 541 AGCGAGCGLAGGLGEAAGAATAAGTCTGATOTGAAAGCCCTCGECTTAACCGAGGAATTG  cBe

Sbjct 578 AGCGAGCGCAGGLGEAAGAATAAGTCTGATGTGAAAGCCCTCGGCTTAACCGAGGRAACTG 637
Query 681 CATCGGARACTGTTTTTCT TGAGTGCAGAAGAGGAGAGTGEAACTCCATGTGTAGCGETG 668

Sbjct 638 CATCOGAALCTGTTTTTCTTGAGTGCAGAAGAGGAGAGTGEAACTCCATAGTGTAGCGETG 697
Query 661 GAATGCOTAGATATATOGAAGAACACCAGTGGCGAAGGCGGCTCTCTGGTCTGCAACTGA 728

Sbjct 598 GAATGCOTAGATATATOGAAGAACACCAGTGGCGAAGGCOGETCTCTGGTCTGCAACTGA 757
Query 721 COCTEAGGCTCGARAGCATGOGTAGCOAACAGGATTAGATACCCTAGGETAGTCCATGCCGT  78@

Sbjct 758 COCTEAGGLTCGARAGCATGEGTAGCGAACAGGATTAGATACCCTGGTAGTCCATGCCGT 817
Query 781 AAACGATGAGTGCTAAGTGTTGGGEAGGTTTCCGCCTCTCAGTGCTGCAGCTAACGCATTA 24

Sbjct 818 AAACGATGAGTGCTAAGTGTTGEGAGGT TTCCGETTCTCAGTGCTGCAGC TAACGCAT 877

Query 841  AGCACTCCGCCTGGEGAGTACGACCGCAAGGTTGAAACTCAAAGGAATTGACGGGGGCCC 9Be

. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Sbjct 878  AGCACTCCGCCTGGEGAGTACGACCGCAAGGTTG GAATTGACGGGGGCCC 937

Query 981 GC&CAAGCGGTGGAGCATGTGGTTTAATTCG&AG?#AC?T?#AGA&CCTTACCAGGTCTT el

. CELELLLLLLELLELEL L L L L ELEL L e LT L]
Sbjct 938 ACAAGCGGTGGAGCATGTGGTTTAATT CAACGCGAAGAACCTTACCAGGTCTT 997

Query 961 GACATCTAGTGCCATCCTAAGAGATTAGGAGTTCCCTTCOGGGEACGCTAAGACAGGTGET 1628

Sbjct 998 ATCTAGTGCCATCCTARGAGAT TAGGAGTTCCCTTCGRGGACGCTAAGACAGGTGGE 1857
Query 1821 GCATGGCTGTCGTCAGCTCGTGTCATGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAAC 1888

Sbjct 1858 GLATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGETTAAGT GCAACGAGCG 1117
Query 1831 CCTTATTATTA 1821

LI]f
Sbjct 1118 CCTTGTTATTA 1128

C.4 Blast analysis and alignment results for k2-4

Sequences producing significant alignments load ~ ge Col ¥ Show e
select all 100 sequences selected GenBank Graphics Distance tree of results
Descrption Some | ore | Cover v | gant | A"
Lactobacillus paracasei subsp. folerans strain NBRC 15906 155 ribosomal RNA, partial sequence 2222 2222 100% 0.0 9967% NE 0410541
Lactobacillus paracasei strain R094 165 ribosomal RNA gene, partial sequence 2222 2222 100% 00 9967% NR 0258301
Lactobacillus paracasei strain NERC 15888 163 ribosomal RNA, partial sequence 2218 2218 100% 0.0 9959% NR 1133371
Lactobacillus paracasei strain ATCC 25302 163 rinosomal RNA, partial sequence 2209 2209 99% 00 9959% NR 117987 1
Lactobacillus zeae strain RIA 482 16S ribosomal RNA, partial sequence 2158 2158 100% 0.0 98.69% NR 0371221
Lactobacillus casei strain NBRC 15883 16S ribosomal RNA, partial sequence 2154 2154 100% 0.0 98.60% NR 1133331
Lactobacillus casei subsp. casei ATCC 393 16S ribosomal RNA, partial sequence 2152 2152 100% 0.0 93.60% NR 041893.1
Lactobacillus casei subsp. casei ATCC 393 sirain JCM 1134 183 ribosomal RNA,_partial sequence 2143 2143 100% 0.0 98.44% NRE 115534.1
Lactobacillus rhamnosus strain NBRC 3425 165 ribosomal RNA,_partial sequence 2128 2128 100% 00 9827% MR 1133321
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Lactobacillus paracasei subsp. tolerans strain NBRC 15906 165 ribosomal RMA, partial
Sequence ID: R 031054.1 Length: 1497 HNumber of Matches: 1
See 1 more title(s) +

Range 1: 29 to 1245 GenBank Srapghics et Mat P

Score Expect Iadlentities =aps Stramnd
22232 bits(1203) 0.0 1213/1217(99%:) = 121?[0%) Plus/Plus
Query 1 TarC - oA GAGTTCTCGTTEATGATCGO TGO T TElACCOAGAT TCAACATGO 1
. 111 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 29 TaCAAGTCAAl QAT TCTCOT TRATGATLGO TGO T TelALCOADAT TCAACAT LA Bg
Query 6B TGAGTAACAT TAACCTGOCCCTTAAGTOROGOATAACATTTGG 119
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
S5bjct BY GLCCTTAAGTOROGOATAACATTTGE 148
Query 1248 AAACACAT L TAATACCOCATAGATCCAAGAMCCGLATOGT TCTTROLTOAAAGATOLG 1LV
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII LLARTERRTREntnritetntl
Sbjct 149 AAACAGATCTAATACCOGCATAGATCCAAGAACCGCATGGT TCTTROLTGAAAGATGCG 28K
Query 184 TARAGCTATCGOT TT INoeGaA T GEAT ATTAGLTAGTTOOTOGADGTAATGOLTCA 239
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbijct zed TAAGCTATCOGCT TTTOGATOALCCOLGOLoTATTAGLTAGTTOOTGAROTAATGOLTCA 2oB
Query 2448 COAAGGLGATEATACGTAGCLGAAC TOAGAGG T TRATCGOICACAT TGLGAC TGAGACAL 209
. LLOERETETE et e g it it iititgtl
S5bict 2ea COADGLoAT A TACGTAGOLGAAL TOAGACGT TRATCGOICACAT TGRGACTGAGACAL 328
Query 3248 OO CAANC TCL TACOOOAGOCAGLAGT AGEEAATC T TCCACAATGOACGLAAG T TGAT 359
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 329 GGOCCAAAMC TCL TALGGLEAGGCAGCAGT AN TCTTOCACAATOACGLAAGTCTGAT I8E
Query 3648 BACGLCGIGT IeAAGAAGELTT TCOGTOOGTALAARCTCTGTTGT TOMAGAAG 419
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
S5bjct 3&a9 SACGLOGLGT TasAGAAGoC TT TCOOOTCaTAMAACTCTGTTGT TG G 448
Query 428 AATGOT CGCAGAGTAAC TGT TGCCGOLGTACGG TATCCAACCAGAAAGLCALGOLTAA 479
. NERRARNRNRNRARRRNARAN IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
S5bict 449 AATGOT OO AGAGTAAC TOGT TGTCORLGTGACGGTATCCAAL CAGAAAGLLALGOLTAA SEE

Query 4348 ACGTOLCAGC AGCCGCOGTAATACGTAGG TGO AADLGT TATLOOGA A g 339

CT TTTATTGEG
ferrnrnrrenerernt et et et nrirnptntnntl
CT TTTATTGGG

Shjct Sea ACGTGLCAGCAGCCGLGETANTACGTAGGTGGCANGCGT TATCOGGAT TTA Ca  EEE
Query 548  TAAAGCGAGCGCAGGLGGTTTTTTAAGTCTGATGTGAAMCCC TCGGLT TAM CEARG 599
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Shjct 5889  TAAAGCGAGCGCAGGLGGTTTTTTAAGTCTGATGTGAAMGECC TCGGLT TAACCGARG 25
Query 668  GLGCATCGRAMACTGGGAMACT TGAGTGCAGAAGAGGACAGTGGAACTCCATGTGTAGCG 659
X ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
sbict 629 GEGAAALT TGAGTGLA AGGACAGT LG BEE
Query 668  GTGAAATGOGTAGATATATGGAMGAACACCAGTGGCGANGE TETGGTCTGTAAC 719
i ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Shjct 6889 GTGAAATGCGTAGATATATGGAMGAACACCAGTGGCGANGGCGGCTGTCTGGTCTGTAAC 748
Query T8  TGACGC TGAGGE TCGAMAGCATGGEGTAGCGAACAGGAT TAGATACCCTGGTAGTCCATGE 779
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Shjct 7489  TGACGLTGAGGL TCGAAAGCATGGGTAGLGAMCAGGATTAGATACCCTGGTAGTCCATGE  BEBE
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Query Fad COTAAACGAT GAATGL TAGRTGT TGGAGEGT T TOCOUCCT TCAGT i ColAGl TAKCGL B39

. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
S5bict BE CoTAALCGATAATGCTAGGTGT TREAGOG T TTCCRCCCTTCAGT Ui AGl TAKCGL BEobB
Query 244 TTAAGCAT TCCOCCTOGOGAGTACGACCGLALRG T TGALAL TCALAGGANT TEACG E99

. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbict Bed TTaLGLAT TCLOLL ToO00AG TALGALLOLAAGD T TaaAL TLAAADGALT [ALD QLB
Query Sed G ACAAG OO TGOAGCATGTEGT T AT TOGAAGLAAL GLEAACAALLT TACLAGGT 259

. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 929 CCCGCACaAnC oo TOGRAGCATGTGET TTALT TCGAAGLCAAT G AAGAATC T TACTAG GHB
Query 49&d CTTGACATCTTT NMaATCACC TAGAGATCARGGT T TOCCCT TCOG oo CAAAA TOACAGDT 18159

) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct G989 CTTGACATCTTT TEATCACC TEAGAGATCAGGT T TOLCCT TOGG ol AMAL TOATAGDT 148
Query 1828 OoToCATGaT TGTCGTCAGCTCOTOTCGTGAGATGT TOGET TaAAG T OO AR vl 1879

) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
S5bjct 1849 GOTGCATGRT TG TCGTCAGCTCGTGTCGTGAGATGT TEGET TAAG TOCCGL AR vl 11a8
Query 1edEey AALLCT TATGAL TAGT ToLCAl AT Tall TOCOCACTCTAGT AAGALC TGLLOO ToALAA 1139

. FLLLRLE e it e e e e negritl
S5bjct 11389 AL LT TATOAC TAGT TOLCAGLAT T TAGT TGGOLALTCTAGT ARGAL TGQLLGOTGALAA 1168
Query 1148 ACCGEAEGALHG MGGOGATEACG T CAAATCATCATELCCCT TATGACCTGEGC TAL -CAC 1198

. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
S5bict 1169 AL CO0ARGALXG TOGROATGACOT CAMATCATCATRLCCCT TATGACC TGRGC TADACALC 1278
Query 119% GTOCTACA-TGOATGGT 1214

LLLERLEr P1nenttl
S5bict 1279 GToCTaCaaToATGOT 1245
C.5 Blast analysis and alignment results for k2-4a
Sequences producing significant allgnments Download ~ Manage ~ show | 100V | @
select all 200 sequences selected GenBank Graphics Distance tree of results
. Max | Total Cuery E Per. .
BRI Score | Score Cower | walue  Ident EEEEEL

Lactobacillus gallinarum strain ATCC 33120 185 ribosomal RMA, partisl sequence 1897 1897 100% OO0 90.03% MNE 0421111
Lactobacillus gallinarum strain JCM 2011 1585 ribosomal RMA, partial sequence 1897 1897 100% OO0 99.05% MR 1133611
Lactobacillus gallinarum strain ATCC 33180 165 ribosomal RMA, partisl sequencs 1887 1897 100% 0.0 99.03% NE 117041.1
Lsctobacillus helvsticus strain NBRC 15019 185 ribosomal RM&, partisl sequence 1886 1886 100% OO0 98.87T% MR 113Ti4.1
Lactobacillus helveticus [i5M 20075 = CGMCC 11877 165 rbosomal RMA, pantial sequence 1886 1286 100% 0.0 O2.87T% MR 117060.1
Lactobacillus helveticus 0SM 20075 = CGMCC 1.1877 165 ribosomal RMA, partial sequence 1885 1836 100% 0.0 98.87% MR 0424301
Lactobacillus crispatus strain BEM 20584 185 rbosomal RMA, partial sequence 1853 1853 100% OO0 98.30% MR 1193741
Lactobacilus crispatus strain DEM 20584 185 rbosomal RMA, partial sequence 1853 1853 100% OO0 98.30% MR 1170831
Lactobacilus crispatus sirain ATCC 33820 138 ribosomal RMA, partial sequence 1853 1853 100% 0.0 95.30% ME 0413001
Lsctobacillus amyloverus DSM 20531 165 ribosomsl RMA, partisl sequence 1847 1847 100% OO0 98.20% NR 1170841
- [ vrare - AR4T  4RET 4mREr AR ARAnes LR AsAnRT A
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Lactobacillus gallinarum strain ATCC 33199 165 ribosomal RNA, partial sequence

1546 MNumber of Matches: 1

Sequence |- NR 042111.1 Length

Range 1: 410 to 1467 GenBank Graphics

Stramnd

Gaps

Identities

Expect
0.0

Score

Plus/Minus

1/1058{0%)

1048/1058[99%)

1897 bits{1027)

111 N
CATTGCAGACTTCCATGGTGTGACG 1488

—a

GOCTCCTTOCCGAAGG T TAGGLLACCOGLTT Il&\’.iEiE.ﬂu'l IGCAGACTTCCATGOTGTGACG &8
T

1

Query
Sbjct

128

61

Query

EIJEEE[E[&[MMIJECEEE’EMAEE]A} TCACCOOGOCOT TCTOATCCGUGAT TACTAG
T

158

COATTCCAGCTTCOTOCAGTORAG T TRLAGAC TOLAGTCCGAAL TOAGAACAGLTT TCAG

121

Query

131

Query

AGATTCGCTTGLC T TOGLAGGLTOGLT rErCfI.i'I TGTACTOGLCCATTGTAGLACGTGTGTA 248
a

iga

GLCCAGGTCATAAGGOOCATGATEAC T TOACGTCATCCCCACCTTCCTCOGGT TTGTLAC

241

Query

GOLATOATEALT TGALG

iga

COOCAGTCTCAT f.ﬁ.l.'J.ﬁ.KJ'IEIIEEMEHM{&E]E&EM.C]M[M]MEKJEHEEEE TCa

3e1

Query

TOGCARC TAATARAL

42a

38l

Query

TTOCOOGACT TAACCCAACATC TCACGACACGAGE TOACGACALLCA TOLACCACCTGTLC
C

488

TTAGCG T OO CGAAGLGAAL TCLTAATCTO T TAGRATGGCAC TAGAT G TCAAGACT TGGT

Query 4241

& TTAGCGTCCCCoAAGDGAAL TCLTAATCTCTTAGLAT GG

ud

led

Sbjct

g8

AAGGTTCTTOOCOT TGO T TCGART 'IAMECT'I'IJ.[&E TCCACCOLTTaTOCOGRLCCCGT

Query 481

GToloGOICCCCGT 928

T

Shjct 987

241

Query

CAATTCCTTTOAGT T TCARLCTTGLGGTCGTAL [EECEAE&EEMETEEHM[MEHA aEa
T

EBE

Shjct 927

GLTGLALLAL TOAGADGLOOAAAL CTOCLLAALAL T TAGLACTCATLOT TTACGOLATORA  £08

BE1

Query
Sbjct

COCAACACTTAGCACTCATCGTTTACGOLATORA BRE

fla

BE1

Query

CTACCAGGGTATCTAATCCTGT fEEC'IAECIiA]{il:l TTOGALCTCAGLGTCAGTTGLAL
C

faa

721

Query

ACCAGAGAL COLCTTCOLCACTOOTAT 'Ifl_'l TCCATATATCTACGCATTCCACCGLTACA
C
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Query 781 CATGGAGT TCCACTCTCCTCTTCTGLACTC CAGTTTCCGATGLAATTCCTCG
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII LI
Shjct 887 CATGGAGT TCCACTCTCCTCTTCTGLACTC CAGTTTCCGATGLAGTTCCTCG
Query 841 GTT GCTTTCACATCAGACTTATTCT TCLGLCTGLGC TCGLT TTACGLCCAA
. LLEEELCererernrnrere et p e e e e e e ettt
Sbjct 827  GTT GCTTTCACATCAGACTTATTCT TCOGLC TG TCGOT TTACGLCCAL
Query 981 TAAATCCGGACAACGCTTGCCACCTACGTATTACCGLGECTGCTGGCACGTAT T TAGLCG
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII LI
Sbjct 587 AAATCCGEACAACGC TTGCCACC TACGTAT TACCGLOGL TR TGGCACGTAGT TAGLLG
Query 951  TGACTTTCTGGT TGATTACCGTCAAATAAAGGCCAGT TACTACCTCTATCCTTCTTC-CC
) FEOLDLELEE Lt e e b et e e e e et 1l
Sbjct 587  TGACTTTCTGGT TGATTACCGTCAAATAAMGGCCAGT TACTACCTCTATCCTTCTTCACC
Query 12828 AACARAACT TTACAAT CCARAAACCTTCTTCACTC 1857
) FEOLOED L CRERtr TEre FRreertrtprnantl
sbjct 447  AACAACAGAGLT TTACGATCCGAAAACCTTCTTCACTC 418
C.6 Blast analysis and alignment results for k2-14
Sequences producing significant allgnments Download

select all 100 sequences selected

Baa
828
Sea
L1-2.
268
SBE
1819

448

Manage Columns ~ Show [7]

GenBank Graphics Distance tree of results

goooocooo@oE

Description

Lsctobacilus gallinarum stain ATCC 33188 165 ribosomsl RMNA, partis] sequence

Lactobacillus gallinarum strain JCM 2011 185 ribosomal RMA,_partial sequence

Lactobacillus gallinarum strain ATCC 33188 155 ribosornal RMNA, partial sequence

Lactobacilus helveticus strain NBRC 15019 185 ribosomal RMA, partisl sequence
Lactobacillus hebveticus DSM 20075 = CGMCC 1.1877 1565 ribosomsl RMA,_partial sequence

Lactobacillus helveticus (SM 20075 = CGMCC 1.1877 185 ribosomal RMA, partial sequence

Lactobacillus crispatus sirain DSM 20584 155 ribosomal RNA, psrtial sequence
Lactobacilus crispatus sirain EM 20584 185 nbosomal RMA, pariial sequence
Lactobacillus crispatus strain ATCC 33820 183 ribosomal RMA,_partial sequence

Lactobaciius amyloverus DSM 20531 185 ribosomal BMA, partial sequence
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Max  Total CQuery| E Pes.
Score | Score | Cover value Ident

1905 1905 100% 0.0 99.43% MR 04211141
1005 1905 100% 0.0 90.43% MR 1133811
1905 1905 100% 0.0 99.43% MR 117081.1
1893 1802 100% 0.0 90.24% MR 1137101
1803 1883 100% 0.0 99.24% NR 1170801
1803 1802 100% 0.0 00.24% MR 0424301
1860 1860 100% 0.0 98487% NR 1182741
1860 1880 100% 0.0 OB67% NR 1170831

Apcession

1860 1860 100% 0.0 98.67% NR 0£1300.1
1856 1855 100% 0.0 OB57% MR 1170841




Lactebacillus gallinarum strain ATCC 32199 165 ribosomal RNA, partial sequence

1

Sequence ID: NR 042111.1 Length: 1546 Number of Matches

Range 1: 419 to 1467 GenBank Graphics

Stramd

Gaps

Identities

Expect
0.0

Score

Plus/Minus

0/1045{0%)

1043/104%(59%)

1905 hits{1031)

GOCTCCTTOLCOAAGL T TAGGCCACCGGLTT lflﬁi:iEiE.ﬂu] TGCAGACTTCCATGOTGTGACG &8

1

Query

1488

=01

Query

GOCGOTOT Gl ACAAGRL CLCOoAACGTAT TTAEE&EGE-CBT TCTOQATCCGLOQAT TACTAG 128
C

1

CoATTCCAGL TTCOTOLAG TLGAGT NoCAGAL TOLAGTLLOARL TOAGARCAGLTTTCAD  Ldd

121

Juery

CoAGT ToCAGAL

TaCAG

131

Query

AGATTOGCT TGO TTOGCAGGL TCGLTTC fl:{l.il TGTACTOLCCATTOTAGLACGTOTGTA 248
G

iga

GLCCAGOTCATAAGGOOLATOATGACTTGACGTCATCCCCACCTTCO TCCOGTT TGTLAL

241

Query

=)

GACTTGALC

T

CoOOCAGTCTCAT TAGAGTOLLCAAC T TAATGL TOLLAAC TAATAATAAGGGTTGLGLTCG 3604

31

QUE ry
Sbjct

TGGCAACTAATARL

1167 CGLCAG

361

Query

TTECOLEACT TAACCCAACATL TCMMEACGT{FC TGACGACAGCCATOLACCACCTGTC 424

428

TTAGCG TCCCCGAAGEOARC TCCTAATCTCT TAGEATGGLAC TAGAT GTLALGALCTGRT

Query 421

S TTAGLG TCLLCOAAGRGARL TOCLTAATCTCT TAQRATOOGLAC TAGAT GTLAAGACC TOOT 948

16

Sbjct

S48

Query 481

ALGGTTCTTCOLGTTOC T TCGAAT 1.U|MECT{|_'ATEE[ECEII_'EEET'I{:ifl'.'iCL'iﬁLﬂ_'Ef_'EL'E]

Shjct 087

541

Query

CAATTCCTTTAGT TTCAACCT TOLGGTCGTACTCCCCARGUORAGT QLT TAATGLGTTA  &BG
T

Shjct 927

GCTGLAGCAL TOAGAGGLOLAAAC CTCCCAACAL T TARCACTCATCGT TTACGGOLATORA  B64

BEl

Query

COCAACACTTAGCACTCATCOT TTACGOCATORA BEE

Sbjct

B&l

Query

CTACCAGGOTATCTAATCCTGT fE[i-(."I.&ECET'IGE TTTCGAGLCTCAGLGTCAGTTGLAG  F2a
A

f21

Query

ACCAGALALLCOLCTTCOLCACTOOTGT 'Il:'_'ll TCCATATATCTACGCATTCCACCGLTACA  FEa
1
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Query Fgl CATGRAGT TCCACTOTCCTOT TCT L AC T LA CAGTTTOCOATOGLAATTICTCG  B48
. CLECTELELET et e e e e et e e ety et
Sbjct 687 CATGRAGT TCCACTOTCCTCT TCT AL T AL CAGTTTOCOATOGLAGTTOCTCG  S28
Query 841 GTTAAGLCEAGGGL T TTCACATCAGAC T TATTCTTCLOLCTOCGC TCGLT TTACGLCC AR 9B
. CCOCTERELE T L et e e et e e e n el
Sbjct 627 GTTAAGCCEAGGGC T TTCACATCAGACTTATTCTTCLOCCTOCGCTCGCTTTACGLCCAA 568
Query 981 TAAATCCOGACAACGCT TGLCACC TACGTATTALCGLGOC TR TORCACGTATTTAGCCG 9648
. CCECTERELELECRL L et ee it e e r e e ety et
Sbjct G5&7 TaAn T LOEACAACGL T TOLLALCTALGTATTALCOLOOL TL TOoLACGTAGT TAGLLG  SEE
Query 398l TGACTTTCTOGT TOAT TACCG TCAAAT COCCAGTTACTACCTCTATCCTTOTICACD 1828
. CCLCTEELELE et e et et e p e e e r el
Sbjct 5e7 TQACTTTCTOGT TGAT TACCOTCARAATAAAGGLLAGT TACTACCTCTATCCTTOTTCACL 448
R T
Sbjct 447 AMCAACAGAGCT TTACGATCCGAARAACCT 419
C.7 Blast analysis and alignment results for k3-2a
Sequences producing significant alignments Download * Manage Columns ~ Show | 100v | @
select all 100 sequences selected GenBank Graphics  Distance tree of results
. Max | Tetal Query| E Per. .
Description Score | Score | Cover | walue | Ident fezession
Lactobacilus paracasei subsp. tolerans strain MERC 15808 165 ribosomsl RNA, panis| sequence 2021 2021 100% 0.0 90.73% MR 0410541
Lactobacilus paracasei sirain 084 155 ribosomal RMA gene, partial sequence 2021 2021 100% 00 98.73% MR 0253801
Lactobacius paracssel sirain MBRC 15829 185 ribosomal RMA, partisl sequence 2017 2017 100% 00 9864% NR
Lactobacillus paracasai strain ATCC 25302 133 ribosomal RMA partial sequence 2015 2015 100% 0.0 9984% NRE 117887.1
Lactobacius zeae strain RIA 423 185 ribosoms! RMA partis! szquencs 1956 1956 100% 0.0 95.64% NR 0371221
Lactobacilus casei strain NERC 15883 185 ribosomal RMA, partisl sequence 1953 1853 100% 0.0 98.55% NRE 1133331
Lactobacillus casei subsp. casei ATCC 393 188 ribosomal RNA, partial sequence 1940 1840 100% 0.0 98.55% MNE 0413831
Lactobaciius casei subsp. casel ATCC 393 strain JCM 1134 188 ribosomal RMA, partisl sequence 1041 1941 100% Q.0 98.37% 115534.1
Lactobacllus rhamnosus strain NERC 3425 165 ribosomsl RMA,_parial sequence 1027 1927 100% Q.0 98.19%
- . . S I o smim smim smame A Ammsme tim sirmme s
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Lactobacillus paracasei subsp. tolerans strain MBRC 15906 165 ribosomal RNA, partial sequen
Sequence I0: NR 041054.1 Length: 1497 Number of Matches: 1
See 1 more title(s) v

Range 1: 39 to 1141 Gen8ank Graphics lext Maie Pre

Seore Expect Tbentities Gaps Strand
2021 bits(1094) 0.0 1100/1103[99%) ﬂ;"llﬂE[ﬂ%:l Plus/Fluz
Query 1 ACGAGTTCTCGT TEATGATCOGTGCT TGCACCGAGAT TCAACATOGAACGAGTGRCRGAC &8
. [CCCTLREEE et e et e et et e e el
S5bjct 39 ACGAGT TCTCOT ToATGATCOOTGC T TOCACCGAGAT TCAACATORAACGAGTORLGOAC 9d
Query 61 GOLTGAGTAACACGTOOL TAACC TOLCCT TAAGTGOGOLAT AACATT TOLAAACAGATGE 129
) CCLCTEREEE Lt e et e e e v e e e
Sbjct 99 GOOTEAGTAACACGTOGO TAACC TECCCT TAAGTGOGOGAT AACATT TOGAMACAGATGE 158

Query 121  TAATACCGCATAGATCCAMGAACCGCATGGTTCTTGGCTGAAMGATGGCGTAAGCTATCG 180
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Shjct 150  TAATACCGCATAGATCCAMGAACCGCATGGTTCTTGGCTGAMMGATGRCGTAAGETATCG 218
Query 181  CTTTTGGATGEACCCGCGGOGTAT TAGCTAGT TGGTGAGGTAATGGC TCACCANGGEGAT 248
) ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Shjct 219 CTTTTGGATGRACCCGCGGCGTAT TAGCTAGT TGG TGAGGT AATGGC TCACCANGGCGAT 278
Query 241  GATACGTAGCCGAACTGAGAGGTTGATCGGECACATT TEAGACACGECCCARACT 309
) ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Shjct 279  GATACGTAGCCGAACTGAGAGGTTGATCGGRCCACATT TGAGACACGGCLCAAACT 338
Quary 381  CCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGCAAGTCTGATGGAGCAACGE 360
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Shjet 339 CCTACGGGAGBRCAGCAGTAGGGRAATCTTCCACAATGGACGCAMGTCTGATGGAGLAACGE 308
Query 381  CGLGTGAGTGAAGAMGGETTTCGEGTCGTAAMACTCTATTGT TGAAGAAGAATGETCGEE 420
) ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Shjet 309  CGLGTGAGTGAAGAAGGLTTTCGEGTCGTAMMMCTCTGTTGT TRGAGAAGANTGETCGGE 458
Query 421  AGAGTAACTGTTGCCGGCGTGACGGTATCCAACCAGAAMGCCACGGCTAACTACGTGOCA 488
) CCLCTELERELEL L e e e e e e e e
Shjct 459  AGAGTAACTGTTGTCGGCGTGACGETATCCAMCCAGAAMGLCACGGLTAMCTACGTGICA 518
Query 481  GLAGCCGLGGTAATACGTAGGTGECAAGCGTTATCCGRATTTATTGGGCGTAAMGCGAGE 548
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Shjct 519  GCAGLCGLGGTAATACGTAGGTGECAAGCGTTATCCGGATTTATTGGGCGTAAMGCGAGE 578

Query 541  GCAGGCGGTTTTTTAAGTCTGATGTGAMAGCCCTCGGET TAMCCGAGGANGCGCATCGGA 589
. CCLCTELEEE LT e e et e e e e e e e
Shjct 579 GLGGTTTTTTAAGTC TGATETGAMGECCTCGGECT TAM CGAGGAMGCGLATCGGA 638
Query 681  AACTGGGAAACT TGAGTGLAGAMGAGGACAGTGGAACTCCATGTGTAGCGETGAMATGCG 560
) ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Shjct 630  AACTREGAAACT TGAGTGLAGAMGAGGACAGTGGAACTCCATGTGTAGCGRTGAMATGCG BO8
Query 681  TAGATATATGRAAGAACACCAGTGAE CTGTCTGATCTGTAACTGACGCTGAG 720
) CLOCTEREEECER LT e et e e e e e e e
shjct 699  TAGATATATGGRAAGAACACCAGTGGLGAAGGLGGC TGTCTGETCTGTAACTGACGLTGAG 758
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Query 7i1 GLTCoAALGL AT GOOTARLGAALAGDAT TAGA TACCLTORTAGTLCATOLLGTARALGAT  SfH8
) CCELTETEEE DR e e e e e e e e e ene et

Sbjct 759 GLTCoAALGI AT GOGTAGLGAACAGDAT TAGATACCCTOGRTAGTLCATOLCGTAAACGAT B1E

Query F8l GAATOCTAGGTGT TGOAGGLT TTCCGLCCT TCAGTOLCOLAGL TAALGLATTARGLATTC  BaAa
. CCLCTEELE e e e e e e e e e p e ity

Sbjct  B19 GAATOLTAGGTG T TGLAGGLT TTCCGLLCT TCAGTOLCGLAGL TAALGLATTARGIATTL  BYE

Query 841 COLCTORGEAGT ACGALCOLAADD T ToAAML T CAAAGEAAT TOALGODGOOLLLOLALAALD  SEE
) LLELTELEER PR e et e e e e e e e e e ererentn

Sbjct B79 COCCTOoaGAGT ACGACCOCAAGD T TOAAAL T CAAAGOAAT TOALCOOROULCOLACAAD D38

Query 91 COOTOoAGCATGTOGTTTAAT TCOAAGCALLGLOAAGALCC TTALCAGOTCT TQACATCT 964
. CLLCTERELE e et e e e e e e e p el

Sbjct 939 COGTOLAGCATGTOLTTTAAT TCLAALGC AL GLGAAGARCC TTALCAGLGTCT TGACATCT  SUE

Query 398l TTTGATCACC TOAGAGATCAGGET T TCCCCT TCeOGRGLAAAATGACAGOTOGOTGLATGRT  1Bd8
. CLOCTERELE et et e e e n e e e pe ey enennel

Sbjct 999 TTTQATCACCTGAGAGATCAGLT T TCCLC T TCOOLOOLAAAATGACAGOTOOTOLATOLT 1658

Query 1821 ToTCOTCAGCTCOTGTCCTGAAATGT TGEGTTAAGTLCLGLAACGAGLOGLARCCCTTATG 1BER
) CCOCTERELEYELLt et Eee P e e n e e e p e renennl

Sbjct 1859 TGTCATCAGCTCGTGTOOTRAGATGT TGOGTTAAGTCCCGLAACGAGCACAACCCTTATG 1118

Query 18l ACTAGTTGCCAGCATTTAGTTRG 1183
. [LLCTLTELELETIntrtnt

Sbjct 1119 ACTAGTTGCCAGCATTTAGTTRG 1141

C.8 Blast analysis and alignment results for k3-3a
Sequences producing significant alignments pownload > Manage ¥ sShow | 100V | @
& seiectan 200 sequences selected GenBank Graphics Distance tree of results

Max | Total | Query E Far

Desaription Score | Score Cover walue | |dent feesssion
Lactobaclius gallinarum strain ATCC 33189 165 ribosomal RMNA, partial sequence 2008 2008 ®8% OO0 99.19% NR 0421114
Lactobacillys gallinarum strain JCM 2011 185 ribosomal RMA, partisl sequence 2008 2008 ®8% 00 90.19% NR 1137611
Lactobaciius gallinarum strain ATCC 33188 165 ribosomal RMNA, partial ssquence 2008 2008 90 00 99.18% MNR 117061.1
Lactobacllus helveticus strain MBRC 15019 185 ribosomal RMA, partial sequence 1097 1987 8&% 00 00.01% MR 1137181
Lactobacilus helveticus 0SM 20075 = CGMCC 1.1877 165 ribosomal RMA,_parial sequence 1097 1997 88t 0.0 00.01% NR 1170801
Lactobacillus helveticus 0EM 20078 = CGMCC 1.1877 165 ribesomal RMA, partial sequence 1967 1997 985 0.0 90.01% NR 0434301
Lactobacllys acidoghilus strain NBRC 13951 185 ribesomal RNA, partial sequence 1845 1945 &% 00 9320% MR 1138381
Lactobacillus acideghilus sirain WP| 5032 185 ribosomal RMNA, gartisl sequence 1045 1045 ©0% 0.0 0B.20% NE 1170821
Lactobacillus acidephilus strain JCM 1122 185 ribosomal RNA, partial sequencs 1045 1045 ©0% 00 0B20% MR 1178121
- B
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Lactobacillus gall.lna rum stramn AICL 33199 165 nbosomal HNA, partial sequence
Sequence |D: NR 04313131.1 Length: 1546 Mumber of Matches: 1

Range 1: 77 to 1191 Gen8snk Graphics lext

Seore Expect Tdberibities Gaps Strand
2008 bits{1087) 0.0 1106/1115[99%) 1/1115{0%) Plus/Flus
Query 4 GOLOOATOOLTGAGTAACACGTRGROAALCTOLCLCATA B3
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
S5bjct  TF ARTGAC GLEGLOGATOOOT AR TAACACGTGOGRGAALCTELCCCATA 136
Query 64 GTCTAGRATACCACT TOGAAACAGOTOCTAATACCOOAT AATAMAGLAGATCOCATGATC 123
. L EEEREREE LR e e e e et III IIIIIIIIIIIIIIIIII
S5bjct 137 GTCTOORATACCACT TOLAAACAGOTOCTAATACCOOAT AL GCATGATC 196
Query 124 AGCTTATAAAAGGLGOLGTAAGL TGTCOLTAT ORATGLCLCLGCoa TOCAT TAGL TAG 183
) CCCCTEREEE L e e e e e e e el
Sbjct 197 AGCTTATAAAAGGOGOCGTAAGL TOTCOC TATRGRATOOCCCCGCoGTOCATTAGC TAGT 256
Query 184 GTAAGGTAACGOCT TACCAAGGLAATGATOCAT AGLCGAGT TRAGAGAL TRAACLG 243
) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIII
Sbjct 257 GoTAARGTAACGELT TACCAAGGCAATOATGCAT AGCLOAGT TGAGAGAC TOATLRGLC 316
Query 244 ACATTGERGAC TGAGACACGELCCAAACTCC TACGROAGGCAGLAGTAGOGAATCTTCCAC 383
. [CLCTEREEE R r e e e e er i et v e e el
S5bjct 317 ACATTOGEOAC TOAGACACGOLCCAAACTCCTACGROADGCAGLAGTAGHGAATCTTCLCAC 376
Query 384 AATGLACGCAAGTCTOATGOAGCAACOCCOLGTOAGTGAAGAAGGTTTTCOGATCOTAAR 383
. [TILILTLTL IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 397 ALTOOACGCAAGT GACCAALOLLOLGTOAGTOAAGAAGGTTTTCORATCOTAAR 438
Query 384 GLTCTGT TGT TAGTGAAGAAGEATAGAGHTAGTAACTGGCCTTTATTTGACGGTAATCAR 423
. CCLCTEREEE EE LTt et et et e e e r e
Sbjct 437 GETCTGT TRl TOGTGAAGAAGEATAGAGHTAGTAACTGGCCTTTATTTOACGGTAATCAR 498
Query 424 CCAGAMAGTCACGOL TAACTACG TOCCARCAGLCOLOO T AATACGTAGOTOGLAAGLGTT 483
) CCLCTELEEE L L Lt e et e ee e e e et ennn
Sbjct 497 CCAGAAAGTCACGRL TAACTACG TOLCARCAGLLGLGL TAATACGTAGL TOGLAAGLGTT 556
Query 484 GTCCOGATTTATT TAAAGT GOAAGAATAAGTCTOATGTGARAGCC 543
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
5bjct 557 GTCCOOATTTATT GTARAGL GOAAGAATAAGTCTOATGTGARAGLC 616
Query 544 CTCGROT TAACCOAGOAAT TGCATCOOARALTGTTTTTCT T GAGT GLAGAAGAGDAGAGT  &BI
. LCLCEETERECEn ettt CErE et e e e e e e e e
Sbjct 817 CTCGnLT TAACCOAGLAAL TOCATCOOAAALTGTTTTTCT TGAGT GLAGAAGAGRARAGT &VE
Query 624 GGAACTCCATGTGTAGLGGTOEAATGLGTAGATATATGGAAGAACAL GLEAAGGE  &AR3
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
S5bjct  &F7 CATGTGTAGCOOTORAATGCGTAGATAT AT GGOAARAAC AL GLoAAGE 738
Query 6&4 GOLCTCTCTEO TCTOLAAL TRACGC TQAGHL TCOAAAGLATOLO TADLQALCAGDAT TARA  F23
) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 737 GGOLTCTCTEG TCTOLAAC TRACGC TGAGLE TCOAAAGCATORO TARLGARCAGGAT TARA  FUE
Query 724 TACCCTRaTAGT CCATGCCOTAMACGATOAGTGC TAAGTGT TARGAGGTTTCCGOCTETC 783
. CCLCDEREEE R L e n e e et et r e e i e ey 1ell
S5bjct 797 TACCCTROTAGT CCATOLCOTAAACGATOAGTOCTALAGTGT TORGAGGTTTCCGLTTCTC B8
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Query 784  AGTGETGCAGCTAACGCAT TAAGCACTCCGCCTGAGGEAGTACGACTGCARGAT TGAAAC T
) [CLLERELEEE T e L e e e e e e eyl
shjct B57  AGTGLTGCAGLTAACGCAT TAAGCACTCCGLCTGGRGAGTACGACCGCAMGET TRALAC T
Query 844 GGAATTGACGEGGGCCCGCACAAGCGGTGGAGLATGTGETT TAMT TCRAMGLAAL G
) ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
shjct 917 GGEAATTGACGEGGECCCGCACAAGCGGT BGAGCATGTGGTT TAAT TCRAMGCAA &
Query 984  CGAAGAACCTTACCAGGTCTTGACATCTAGTGCCATCCTAAGAGATTAGGAGTTCTCTTE
. CCTEETELE L L e e b e e e e e e e e e e 1l
shjct 977  CGAAGAACCTTACCAGGTCTTGACATCTAGTGCCATCCTAMGARATTAGGAGTTCCCTTC
Query 954 GGACGC TAMGACAGE TGETGCATGACTGTCRT CAGE TCGTGTCATGAGATGT TGGGT T
) ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
shjct 1837 GGEGGACGLTAMGACAGGTGGTGLATGGCTGETCATCAGCTCGTETCATGAGATGT TREGTT
Quary 1834 AAGTCCCGCAACGAGCGCAACCCTTATTATTAGT TGCCAGCAT TAAGT TGGGCACTCTAA
. CLLLELELEEE LT L el It e e ey e et
Shjct 1897 AAGTCCCGLAACGAGLGCAACCCTTGTTATTAGT TGLCAGCAT TAAGT TGGGCACTCTAA
Query 1884 TGAGACTGCCGGTGACAAACCGGAGGAAAG-GBGG 1117
) CCTEDETELEEET P L n et 1ol
shjct 1157 TGAGACTGLLGGTGACAAACCGGAGGAAGGTGRGE 1101

C.9 Blast analysis and alignment results for k3-8b2

Sequences producing significant alignments

select all 100 sequences selected

B4z
216
283
a7s
263
L E 1)
1823
1896
1BE3

1156

C “ show | 10v | @

GenBank Graphics Distance tree of results

Description

Lactobaciius parscssei subsp. tolersns strain MERC 15908 155 ribosorms| RMA  parial sequence

Lactobacilus parscasei strain R84 158 ribosomal RMA gene, partial seguence

Lactobaciius zese strain RIA 482 188 ribosomal RMA, partis! ssquencs

Lactobaciius casei strain MBRC 15823 165 ribosornal RMA, partisl sequencs

Lactobacilus casei subsp. casei ATCT 393 strsin JCM 1134 188 ribosomal RMA, partial sequence

LR N N BN N<H<N<N<}

Lactobacilus rhamnosus strain NERC 3426 165 ribosomal RMA, partial sequence
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Max | Total Query E Per.
Score | Score | Cover value Ident

2208 2200 100% 00 98.51% NR 0410541
2200 2200 100% OO0 90.51% MNR 025880.1

Accession

2205 2205 100% 00 99.42% NR 113337.1
2196 2196 £0% 00 90.42% MR 1179871
2145 2145 100% 0.0 OB52% MR 0371221
2141 2141 100% 00 95.44% NR 113333.1
2139 2130 100% 0.0 9B.44% MR 0413031
2130 2130 100% 00 02.28% MR 1155341

2115 2115 100% OO0 8811% NR 113332.1
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Lactobacillus paracasei subsp. tolerans strain NBRC 15906 165 ribosomal RNA, partial sequence
Sequence ID: NR 041054.1 Length: 1497 MNumber of Matches: 1
See 1 more titlefs) v

Range 1: 20 to 1245 GenBank Graghics lext Mat

Score Expect Identities zaps Stramnd
2209 bits{1196) 0.0 1211/1217(99%) 5,-'121?[0%1 Plus/Plus
Query 1 TEC-AnTCoAAlGALGTTCTCOTTRATGATCGO TGC T TRLACCGAGAT TCAACAT GLAR 59
. 111 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 29 TECAAL T eAAlGAGTTCTCOT TRATOATCGO TGC T TRLACCGAGAT TCAACAT GhAR EBE
Query 682 GOCCOALGOGTOAGTAACALGTGRG TGCCCTTAAGTOROGOATAACATTTGE 119
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct B9 GOCCOALCOGTOAGTAACALGTGRG TGCCCTTAAGTOROGOATAACATTTGE 148
Query 128 ALACAGATGL TAATALCGLATAGATCCAAGAACLGLATGET TCT TR TGARAGATGG 179
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 149 ABACAGAT L TAATACCOUATAGATCCAAGAACCGCATGET TCT TR ThANAD 2BE
Query 188 TAAGCTATCGCT TTTOOATGOALCCOLGOLGTAT TAGC TAGTTCOTOAGGTAATGOCTCA 239
. CCLCLLTEELE LT et e e e e ee e e n it errl
Sbjct  Zed TAAGCTATCGCT TTTOOATROALCCOLGOLGTAT TAGC TAGTTROTOAGGTAATEOCTCA 268

Query 248  CCAAGGCGATGATACGTAGCC GAGAGGTTGATCGGCCACATTGRGACTGAGACAC 299

. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Shjct 269  CCAAGGCGATEATACGTAGCCGAACTGAGAGGTTRATCGGCCACATTGRGACTGAGACAC 328
Query 388  GGECCCAAACTOCTACGGGAGGCAGCAGTAGGGAANTCTTCCACAATGGACGCAAGTCTGAT 359

. R R nananan
Shjct 329  GGLCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGCAAGTCTGAT 388
Query 360  GGAGCAACGCCGCGTGAGTGAAGAAGGCTTTCGGETCGTAMACTCTGTTGT TGGRAGAAG

. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
shjct 389 CAACGLCGCATEAGTGAAGAAGGCT T TCGEG TCATAMAACTCTGTTGT TEGAGAAG
Query 428  AATGGTCGGLAGAGTAACTGTTGCCGGCGTGACGE TATCCAACCAGAMAGC CALGGCT AR

. RN R
Shjct 449  AATGGTCGGLAGAGTAACTGTTGTCGGCGTGACGE TATCCAACCAGARAGC CALGGCT AR
Query 488  CTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAMGCGT TATCCGGATTTATTGEGEG 539

. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Shjct 509  CTACGTGLCAGCAGLCGLGGTAATACGTAGGTGGLAMGLGT TATCCGGATTTATTGRGEG 568
Query 548 GTTTTTTAAGTCTGATGT GAAAGCCC TCGGE T TAAC CGAGGAA

. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
shjct 589 GLEAGLGCAGGEGGTTTTT TAAGTC TGATGT GAAAGECC TCRGLT TAM CGAGGAR
Query 609 GEAAAC TGGGARALTT AGAAGAGGACAGTGGAAC TCCATGTGTAGCG 659

. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
shjct 629 GRAAAC TGEGARALTT AGAAGAGGACAG TGGAAC TCCATGTGTAGCG 688
Query E68  GTGAAATGCGTAGATATATGGAAGAACACCAGTGECGAMGGCGGLTGTCTGGTCTGTAAL 719

. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Shjct 689  GTGAAATGCGTAGATATATGGAAGAACACCAGTGECGANGGCGGLTGTCTGGTCTGTAAL 748
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Query 724 TGACGL TOAGLT TCOARAGLA TGO TAGLGAAL AGGAT TAGATACCT f[ﬂ.’:].lilu

GTCCATGC
. LELTTL
Shjct 749  TGACGETGAGGC TCGAAAGCATGGGTAGCGAACAGEAT TAGATACCC TRGTAGTCCATEC

BeE

Query 788  CGTAAACGATGAATGCTAGGTGTTGGAGGGTTTCCGCCCTTCAGTGLCGCAGCTAMCGCA B39
) CLLCEELE TR e e e e e e ey

Shict EeO  COTAAMCGATGAATGCTAGETGTTGGEAGGGTTTCCGCCCTTCAGTGLCGCAGCTAMGLA S6K

Query B48  TTAAGCATTCCGCCTGGRGAGTACGACT TGAAAC TCAMMGGALTTGACGEGEG  BOD
) ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Shjct 860  TTAMGCATTCCGLCTGGGGAGTACGACCGLAMGGT TGAMAL TCAMMGGANT TGACGEGEE 928

Query 988  CCOGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGANGAACCTTACCAGGT 959
) ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Shict 9290 CCOGCACAAGCGGTGGAGCATGTGGTTTAAT TCGAAGLAALGLGAAGAACTTTACCAGGT 08K

Query 968  CTTGACATCTTT TGATCACCTGAGAGATCAGGTTTCCCCTTEGAGGGECAMATGACAGET 1819
) CLLCEELREEEE e e e e e e e e e e e ey

Shijct 989  CTTGACATCTTTTGATCACCTRAGAGATCAGGTTTCLCCTTCGGEGACAMMATGACAGET 1648

Query 1828 GETGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGT TAMGTCCCGCAACGAGCGE 1879
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Shjct 1849 GGTGCATGETTGTCGTCAGETCGTGTCGTGAGATETTGEAT TAMGTCCCGLAMIGAGLGE 1188

Query 1GE® AMCCCTTATGACTAGTTGCCAGCATTTAGT TGGGCACTCTAGTAAGACTGCCGGTGAC-A 1138
) CLLCLE LR EEEE R et e e Ee e e e e e ey n |

Shict 1189 AMCCCTTATGAC TAGTTGLCAGCATTTAGT TGGGCACTCTAGTAMGACTGCCGETGACAL 1168

Query 1139 ACCGGAGGAAGGTGGEGATGACGTC-ANTCATCATACCCCT TATGACCTGGGCTAC-CAC 1196
) ||||||||||||||||||||||||| [ELVETELRETCEL L PP e inptn 111

Shjct 1169 ACCGGABGAAGGTOGGGATEACGTCARMTCATCATGCCCCT TATGACCTGGGE TACACAL 1238

e T i

Shict 1220 GTGCTACAATGGATGRT 1245

C.10 Blast analysis and alignment results for k3-13b

Sequences producing significant alignments Download ~ C ~ show | w00V | @
selectall 200 sequences selscted GenBank Graphics Distance tree of results

Max | Total Query| E Fer.

Description Score | Score Cover | walue  Ident femzssion
Lactobacillus paracasei subsp. tolerans strain NERC 15006 155 ribosomal RNA, partisl sequence 2081 2091 100% 00 9933% NR 0410541
Lactobacillus paracasei strain R094 165 ribosomal RMA gene, partial sequence 2001 2001 100% 00 9033% NR 0258801
Lactobacillus paracasei strain NBRC 15280 183 ribosomal RMA, partial sequence 2087 2087 100% 0.0 90.14% NR 1133371
Lactobacillus paracasei strain ATCC 25302 185 ribosomal RNA, parfial sequence 2085 2085 100% Q.0 99.14% NR 1979871
Lactobacius zese strain RIA 482 185 ribosomal BMNA partis! ssquencs 2028 2028 ©0% Q.0 93443 NR 0871221
Lactobacillus casei strain NERC 15883 155 ribosomsl RMA, partisl sequence 2025 2025 88% 00 9835% NR 1133331
Lactobacilys casei subsp. cased ATCC 383 185 ribosomal RMNA. partisl sequence 2023 2023 &B% 00 95.38% NR 0418831
Lactobacillus casei subsp. casei ATCC 303 strain JCM 1134 188 ribosomal RMA, partial sequence 2013 2013 &8% 00 95.18% NR 1155341
Lactobacillus rhamnosus strain NBRC 3425 155 ribozomal RMA, partisl sequence 2002 2002 88% 00 9834% NR 1133321
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Lactobacillus paracasei subsp. tolerans strain NBRC 15906 165 ribosomal RMA, partial sequence
Sequence ID: NR 041054.1 Length: 1497 MNumber of Matches: 1
See 1 more title(s) v

Range 1: 42 to 1196 G=nBank Graphics lext Mate Prewious

Score Expect Idenbities Gaps Strand
2091 bits(1132) 0.0 1134/1163[95%) 5/1163(0%) Plus/Plus
Query 1 AGTOTCTCOT TOATGATCGL TG T TGLACLGAGAT TCAACATOLAALGAGTGRLOALGD BB
) 111 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 42 AGT-TCTCOT TOATGATCGO TGO T TOCACCGAGAT TCAACATOLAALGAGTGRL OAL 184
Query bl GToAGTAACACG TOGOTAMCC TOCCCT TAAGTGOLOOGATAACATTTOGALMACADATOCTA 124
. LLLELLLEDELELT LT LR ERLE LT ELinel
Shjct 181 GTGAGTAACACG TOOOTAACC TOCCCT TAAGTOOLOLGATAACAT TTOGAAACAGATOCTA 168
Query 121 ATACCOUATAGATCCAAGAACCOLATOOTTCT TOLE TOAAAGATOLLOTAAGLTATCGLT  1Ha
) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbhjct 161  ATACCGCATAGATCCAAGAACCGCATOGTTCTTGGCTOAAAGATAOGCGTAAGCTATCGLT 228
Query 181 TTTOLATORACCCOCOOLGTAT TAGC TAGT TOOT LAGE TAATALL TCACCAMAGGELGA 248
) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbhjct 221 TTTGnATORACCCOCOaUGTAT TARCTAGT TOLT RAGOTAATAGL TCACCAADDLOATOA 200
Query 241 TACGTAGCCGAAC TGAGAGET TGATCOGLCACAT TOGOAL TRAGACACOOLCCAAMC TCL B4
. LELELELELE T T L T R R e LRl iret
Shjct 281 TACGTAGLCOAAC TOAGAGOT TOATCOGUCACAT TOGOAC TRAGACACOOUICAAMCTCL 344
Query 381 GOOAGLLADCAGTADGRAATC T TCCACAA TOOACDCASGT CTOA TOGAGL &AL R
) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Shjct 341 ALGOGADLCAGCAGT ARGRAATC T TCCACAA TOLACDIAAGTCT 0l TRGAGLAAL a8
Query 35l COTOAGTOAAGAADGL T TTCOGO TCOTAARACTCTGT TOT TCOAGAAGALTOOTCODCAG 424
) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbhjct 4e1 COTOAGTOAARAADGL T TTCOOO TCOTAAMACTCTGT TGT TROAGAAGALTGOTCODCALD 468
Query 421 AACTOTTOC Lo TOACCO TATCCARLCAGAAADCCACGLITAAL TACGTOLCAGL 488
) IIIIIIIIIII I IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
S5bjct  4el TGTTGTCOGCOTOALGG TATCCAACCAGAAAGLCACGOL TAACTACGTOLCAGE 529
Query 481  AGCCOCOOTAATACGTALGTOOCAAGCGT TATCCGOATT TATTGOMCGT.AAMGC GALT 48
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Shjct 521  AGCCGCGATAATACGTAGGTGGCAAGCGTTATCCGGATTTATT S8
Query 541  AGGLOGTTTTTTAAGTCTGATOTGAAAGLLCTCOGE T TAACCOAGRAADLOLATCODAAN  EBG
) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbhjct 581  AGECGGTTTTTTAAGTCTGATGTGAAAGCCCTCGGCT TAACCGAGLAAGRCGCATCGRAAA 648
Query 681 TOLOAALC T TOAG TOCAGAAGAGOACAG TCOAAC TCCATOTOTARLGO TOAAATOGLOTA  £68
) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 841 CToOLAAACT TOAD TOLAGAAGAGDACALD T ROAAC TCCATOTOTARLGO TOAARTOLOTA  Fea
Quary bB&l GATATATOLAAGAAC ALY COAAGDLGOL TOTCTGRTCTGTAAC TGACLL TRAGLL Fi8
) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct Tel GATATATORAAGAACALL COAAGDIOOLTOTCTGRTCTETAACTGACOL TRAGLL Fod
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Query 721 TOGAAAGCATEOGTAGCGAACAGLAT TAGATALCC TGO TAGTLCATGLCOTAARCGATRA  Fa8
. CLCCRELELREE et et v r e e e e eniingl
Sbjct 761 CoAALGLA TG TADLOAALAGEAT TAGATACLC TGO TAGTLLATOLLOTAAALGAT A  B2E
Query F8l1 TeCTAGGTGT TOAGGGT T TCCGLCCTTCAGTOLOGLAGC TAALGLAT TAAGLATTLCG B48
. CLCCRELELEEE L e et e e e n e e e e eyl
Sbjct B2l ATGCTAGGTGT TOEAGGGT T TCLOCCCTTCAGTOLCGLARL TAALGLAT TARGLATTLCG  Baa
Query B4l COTOOLOAGTALGALCGLAAGET TOAAAL TLAAAGLAAT TGALGOEOGLLCGLACAAGL D DB
) CLLCREEELEE e p e e e e e e ety
Sbjct B&E1 COTOROEAGTACGALCGLAAGDT TRAAAL TCAARGDRAAT TOALGOOOGLLICGLALAAGLD D48
Query 981 QToaAGCATOTGGT TTAAT TCLAAGCAACGLOAAGAACCTTALCAGOTCTTGACATCTTT D68
. CLLCRELEL R et ettt e rer e e ety
5bjct 941 GTEGAGCATGTAGT TTAAT TCGAAGC AACGLOAMGARCCTTALCAGG TCTTGACATCTTT  Leae
Query 9&l1 TGATCACC TOAGAGAT AGGT TTCCCCT TLOOLGGCAAMAT CACAGG TOGTGLATORT TG LRZE
) LLLEETELEEET e e e e e e e e r e ey
Shjct 1881 TGATCACCTOAGAGATCAGGTTTCCCCTTCOGOGLLAAMATGACAGGTOGTOGCATORTTG 1866
Query 1821 TCOTCAGCTCOTGTCOTOAGATOT TGROT TAAGTCCLOLAACGAGLOLAACCCTTATGAC 1BER
. CLLCRETELEEE ettt bt e e e r e e e e erentynt
Sbjct 1861  TOOGTCAGCTCOTGTOOTOAGATAT TGOGTTAAGTCCCOLAACGAGCGCANMCCCTTATRAD 1138
Query 1881 TAGTTOQLCAGLATT RAGT TehoG AL TCTAGTARGAAL TRLLGROTOALAAALLGOOAAD 11468
. R AN EnnnEnninnes
Sbjct 1121 TAGTTGCCAGCATTTAGTT-GLGCACTCTAGTAAGA-CTGLCGE- TGACAAACCGG-A-G 1175
e T N
Sbjct 1178 GAAGGTRGRG-ATGACGTC-AAM 1196
.11 Blast analysis and alignment results for k3-20
Sequences producing significant alignments load C ~ show | 100v | @
select all 100 sequences selected GenBank Graphics Distance tree of results
. Max | Total | Query| E Far. )
Descripion Score | Score| Cover | walue Ident femzssion
Lactobacillus paracasei strain MBRC 15880 185 ribosomal RMA, partial sequence 1794 1794 100% 00 90.80% NR 1133371
Lsctobacllus paracasei strain ATCC 25302 183 ribesomal RMA, partial sequence 1794 1794 100% 0.0 ODUB0% ME 1178871
Lactobacillus paracasei strain R084 188 ribosomal RNA gene, partial seguence 1784 1794 100% 0.0 99.80% NR 0253801
Lactobacius zeae strain RIA 483 185 ribosorns! RMNA, partis! ssquence 1790 1790 100% Q0 9989% ME 0371221
Lactohacius casel strain NBRC 16883 165 ribozomal ANA, partia] sequence 1785 1783 100% 00 898 NR 1133331
Lactobacillus rhamnosus strain NERC 3426 165 ribosomal RMA,_partial sequence 1788 1788 100% 00 98.89% NE 1133321
Lsctobacilus casei subsp. cassl ATCC 383 163 ribosomal RMA, partial sequence 1788 1788 100% 00 9989% ME 0413831
Lactobacillus casei subsp. casel ATCC 393 strain JOM 1134 185 ribosomal RMA, partial sequence 1788 1788 100% 00 00.89% NR 1155341
Lsctobaclius paracasei subsp. tolersns strain NERC 15808 165 ribosoms| RMNA paris| ssquence 1784 1784 100% 0.0 99.59% ME 0410841
Lactobacillus rhamnosus strain JOM 1138 183 ribosomal RMA, partisl sequence 1784 1784 100% 00 99.59% MR 0434081




Lactobacillus paracasei strain NBRC 15885 165 ribosomal RNA, partial sequence

Sequence I NR 113337.1 Length: 1495 Number of Matches: 1

Range 1: 487 to 1463 GenBank Graphics

Score Expect Idbentities Gaps Stramd

1794 bits(371) 0.0 975/577(35%) ﬂfa??[u%j Flus/Minus

Quary 1 GLTCOC TCOC TAAAAGGE T TACGL CACCOGL T TCGRLTOT TACARAL TCTCATGLT D =1
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Sbjct 14863 GCTCGCTCOCTAAAAGGGTTACGCCACCOGCTTCGOGTAT TACAAMACTCTCATGGTGTGA 1484

Query 61 CooGLoGToToT ACAAGDLCCOnAACOTATTCACCOUOOLGTOUTOATCCOLOAT TACT 128
) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

5bjct 1483 CORGCGGTGTGTACAAGOCCCOGLAMCGTATTCACCOCGOCGTGLTGATCCOGLGATTACT 1344

Quary 111 AGLGAT TCCGACT TCGTOTAGLLGAGT AGCCTACAGTCCGAAL TOAGAATOLLTTTA 148
) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Shjct 1343 AGCGATTCOGACTTCGTGTAGEHLGAGT TGCAGCCTACAGTCCGAACTGAGAAT I'Ta 1284

Query 181 ACACAT TAGCTTOACCTCOLOLTC TCOUAALTCGT TOTACCATLCAT TQTAGLACGTGTD 248
) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

S5bjct 12B3  AGAGATTAGCTTGACCTCGCGGTCTCGCAACTCGT TGTACCATCCATTGTAGCACGTGTG 1224

Query 241 TAGCCCAGOTCATAAGGOGLATOGATGATT TRACGTCATCCCCACCTTCCTCOOOTTTGTCL 368
) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Sbjct 1223 AGCCCAGLDTCATAAGGOOCATOATOAT TTGACGTCATCCCCACCTTCCTCCGRTTTGTC 1164

Query 3l ACCOOCAGTCTTACTAGAG TOCCCAAL TAAATOL TOOLAAC TAGTCATAADGLT TGCGLT 3648
) LLCELLLEREYE LR LR L LR L EEET I rpiyinl

S5bjct 1163 ACCGRCAGTCTTACTAGAGTGCCCAACTAMATGCTOOCAACTAGTCATAAGGOTTGCGCT 1184

Query 361 COTTOOGOCAC T TAALCCAACATC TCACOALACGAGL TOALGACAALCATOLACCACC TG 428
) CLLLLEVETETE LT L e L Er e e rineLil

Sbjct 1183 COTTOCGGGACT TAACCCAACATC TCACGACACGAGCTGACGACAACCATOCACCACCTG 1844

Query 421 TCATTTTGLLCC CCTOATCTCTCAGOTGAT CAARAGATOTCAAGACL TG 488
) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Sbjct 1243 TCOATTTTGOCCC GOGAAAC CTEATCTCTCAGOTGAT CAARAGATOTLAAGACL TG  9E4

Query 481 GTAAGGTTCTTCOLGTTGC T TCQAAT TAAACCACATOC TCCACCOLT TRTOLoO0GLCCCC S48
) CCCLLLYETED UL EEEEEE LR EL LR EELETETELEL L

Sbjct 983 GTAAGGTTCTTCOLGTTRCT TCaAAT TAAACCACA TGO TCLACCOLT TRTRLoGLLoCCr 924

Query 541 GITCAAT TCCTTTOQAGTTTCAMCCT TGCGOTCOTAC TCCLCAGOLOLAATOLTTAATOLGT  &Ea
) LLCEELLECEYELCEEETEL R L e r e e e eirretitinl

Sbjct 923 GTCAAT TCCTTTOQAGTTTCAMCCT TOLGOTCOTAC TCCLCAGOUOLAATOLTTAATRLGT  Bad

Query 681 TAGCTGCOCCAL ToAAGDOCOLAAACCCTCCAACACC TAGCAT TCATCOGT TTALGOLATG 6608
) CLCEELLREETER LR L L e L e e L e iiyig

Sbjct Be3 TAGCTOLGGCAL ToAAGDOLORAAACCCTCCAACACCTAGLAT TCATCOT TTACGOLATG B

Query &8l GACTACCAGGGTATCTAATCCTGT TCOCTACCCATGLTTTOGAGLC TCAGLGTCAGTTAL 728
. LLCERLLELELELEEE R LR L e e e i ritinrt

Sbjct Be3 GACTACCAGGLTATCTAATCCTAT TCOCTACCCATGLTTTOGAGLC TCAGLGTCAGTTAL 744

Query Fi1 CAGCCOCCTTCOCCAC TORTOT TCTTCCATATATCTACGCATTICACCGLTA  FEa
) LCCELELEEELELCEEETELE L LR LT LR E LT L Lt

S5bjct 743 ALACAGCCOCC T TCOCCAC TOOTGT TCTTCCATATATCTACGLATTTCACCOCTA &84
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Quary Ffdl1 CACATORAGT TCCACTOTCCTCT TCTRLAC TCAMGT TTLCCAG LT EBaa
. CCLERDTELELE T LR e e el [
Sbjct &E3 CACATORAGT TCCACTOTCCTCTTCTRLAC TCAMGT TTCCCAG CT &24
Query B4l CoOT TAAGUCGAGOGE T T TCACAT CAGACT TAAAAAALT CC 9ed
. LCLLEPTEECLE TR e e e ety e [
Sbjct 623 ColT TAAGLLGAGOGL TTTCACATCAGAL T TAALAAMLT L L84
Query 981 ALTAAATOCOGRATAACGC T TOLCACC TACATAT TACCGLGGLT ITacC 968
) CCTEETTEECRE R P e e et AeErniiarnl L1111
Sbjct G563 ALTAAATCCORATAACGC T TOLCACC TACGTAT TACCOLGGLT ITact 584
Query 95l COTQoLTTTCTGGTTGG 977
) [CILETTELEIIITI
Sbjct SB3 CaTaaiTTTCTaaTTaa 487
C.12 Blast analysis and alignment results for k3-20 a
Sequences producing significant alignments Manage Coll ~ show | 100V | @
select all 100 ssquences selected Geneank Graphics  Distance tree of results
. Max | Total | Query| E Far )
Descipion Score | Score| Cover | walue | Ident femzssion
Lactobaciius paracasel subsp. tolerans strain MERC 15008 165 ribozomal RMA, parisl sequence 1450 1450 100% 0.0 99.73% NR 0210541
Lactobacilus paracasai strain 094 185 ribosomal RMA gene, partial seouence 1450 1450 100% 0.0 98.75% NR 0258801
Lactebacilus paracasei sirain MBRC 15880 188 ribosomal RMA, partial sequence 1447 1447 100% 0.0 9082% MR 1133377
Lsctobacllus paracasei strain ATCC 25302 185 ribosomal BMA, partial sequence 1445 1445 100% 0.0 9082% MR 117987.1
Lsctobacius rese strain RIA 433 185 ribosoms! RMA partis! ssquencs 1411 1411 100% 00 98388% MR 0371221
Lactobacilus casei sirain NERC 15883 155 ribosomsl RNA, partisl ssquence 1410 1410 100% 0.0 9874% HNR 113333.1
Lactobacilus casei subsp. cassi ATCC 383 168 ribosomal BM& partial sequence 1408 1405 100% 00 95374% NR 0413831
Lactobaciius czsei subsp. casei ATCC 303 strain JCM 1134 188 ribosomsl RMA, partisl sequence 1300 1300 100% 0.0 O8.48% MR 1155341
Lactobacilus thamnosus strain NBRC 3425 185 ribozomsl RMA, partial sequence 1380 1338 100% 0.0 9833% NR 1133321
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Lactobacillus paracasei subsp. tolerans strain NBRC 15906 165 ribosomal RNA, partial sequence
Sequence Il NR 041054.1 Length: 1497 Number of Matches: 1
See 1 more title(s) «

Range 1: 60 to 330 GenBank Graphics

Score Expect Identities Gaps Stramnd
1430 bits{785] 0.0 790/ 792(3%%) 1/792(0%) Plus/Flus
Query 1 GTGCT TGLACCGAGAT TCAACATOGLOAALGALT RO GOACLOGT GAGT AACACGTOOGTA &8
) EICLLEETETETELTEItnitty ||||||||||||||||||||||||||||||||||||
Sbjct 68 GTGCTTGCACCGAGATTCAACAT-GLAACGAGTROCGGACGOGTGAGT AACACGT 118
Query 61 ACCTGOCCTTAAGT ATTTGOAARCAGATOCTAATACCGCATAGATCCAAG 128
) ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Sbjct 119 ACCTGCCCTTAAGT ATTTOOAAACAGATOCTAATACCGCATAGATCCAMG 178
Query 121 AACCGCATGGTTCTTORCTGAAAGATOELGT ARGC TATCGCTTT TARATGALCLGCRA 188
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Sbjct 179 AACCGCATGOTTCTTGOCTGAMAGATGOCGTAMGC TATCGCTTTTGRATOGACCCGEGGE 238
Query 181 OGTATTAGCTAGTTOOTGAGGTAATGOLTCACCAAGGLGATGATACGTAGLCGAAL TGAGA 248
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Sbjct 239 GTATTAGCTAGTTGGTGAGGTAATGOECTCACCAAGE TGATACGTAGLCOAACTOAGA 293
Query 241 GOTTGATCOGLCACAT TORGACTGAGACACGOLCCAAACTCCTACGOOARGLAGCAGTAG 388
) EULLUEELEELE et e e p e e e e eyt
Sbjct 299 GOTTGATCGOCCACAT TGOGACTGAGACACGGICCAAACTCC TACGRGAGGCAGCAGTAG 358
Query 381 OGOAATCTTCCACAATOOACGLAAGTCTGATORAGCAACGLLGLOTAAGTAAGAAGGLTT 368
) CUCLLEELET L T En e e e e e e e et
Sbjct 3589 GGAATCTTCCACAATGGACGCAAGTCTGATGGAGCAACGLCGCGTGAGTOAAGAAGGCTT 418
Query 38l TOOLOTCOTAAARCTLOTGT TGT TORAGAAGAA TOGOLAGAGTAACTGTTOLLGGLGT 428
. ||||||||||||||||||||||||||||||||||||||||||||||||||||| 11111
Sbjct 419 TOGGGTCOTARAACTCTGT TGT TORAGAMGAL TCGOCAGAG raTTGTCRGCGT 478
Query 421 GACGGOTATCCAALCAGAMAGLCALGOL TAALTACGTOLCARLAQLLIGLGOTAATACGTAG 488
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Sbjct 479 GACGLGTATCCAACCAGAAAGLCACGOCTAACTACGTOLCADCAGLCGCGOTAATACGTAG 538
Query 481 GTGOCAAGCGTTATCCGGATTTAT TOGGLGT ARAGT GAGT GaTTTTTTAAGTCT S48
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Sbjct 539 GTGOCAAGCGT TATCCOGATTTATTOGROGT ARAGT GAGC TTTTTTAAGTCT 598
Query 541 GATGTGAAAGLCCTCGOCT TAACCGAGGAAGCGCATCOOAAACTOGOAMACTTOAGTGCA 608
. CLLLLEEELELET e e e e et e e e el
Sbjct 599 GATGTOAAAGCCCTCGORCT TAACCOAGGRAAGLGLAT COGAARC TG TToaGTelAa 658
Query 621 GOACAGTOGAACTCCATGTGTARCOGTGAAATOLGTAGATATATOGAAGAACALLC 6688
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
S5bjct 659 GOEACAGTOGAAC TCCATGTGTARLOG TGAMATOLGTARATATATGGAAGAACACC V14d
Query 681 AGTOOCGAAGOCOGLTOTCTOGTCTGTAACT GACGC TOAGOL TCOAAAGCATGRGTARCG V28
. FULLLEELE LR e e e e e e e el
Sbjct 719 AGTOOCGAAGGCGGCTGTCTOGTCTOTAACT GACGL TRAGOL TCOAAAGLATOOOTAGLG 778
Query 721 AACAGGATTAGATACCCTOGTAGT CCATOCCOTAAACGATOAATGLTAGGTGT TORARGE VBB
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Sbjct  FT9 AACAGHATTAGATACCCTOGTAGTCCATOCCAGTAAACGATGAATGETAGOTAT TORAGGG B33
Query 781 TTTCLGLCCTTC 792
. LITTIELTELT
Sbjct B39 TTTCCGCCCTTC 859
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C.13 Blast analysis and alignment results for k3-28

Sequences producing significant allgnments Download Manage Columns ~ show [ 100v | @
select all 100 sequences selected GenBank Graphics Distance tree of results
Lactobaclus paracsssi subsp. tolerans strain MERC 15805 155 ribosomal RMA, parisl ssquence 2191 2191 100% 0.0 90.92% NR 0410541
Lactobacillus paracasei strain R094 158 ribosomal RMA gene, partial sequence 2191 2191 100% 0.0 98.92% NR 0258801
Lactobacllus paracasei strain NBRC 15880 138 ribosomal RMA, partial sequence 2187 2187 100% 0.0 00.23% NR 1133371
Lactobaciius paracssei sirain ATCC 25302 183 ribosomal RNA _partisl sequence 2178 2178 100% 0.0 00.75% NR 1178471
Lactobacius zese ctrain RIA 427 188 ribosomnal RNA, partis! cequence 2126 2126 100% 0D 9891% NBE 0371221
Lactobacllus casei strain NERC 15883 168 ribosornal RMA, partial sequence 2122 2122 100% 0.0 0B.82% NR 1133331
Lactobacilys casei subsp. cassi ATCC 333 183 ribosomal RMNA partial sequence 2118 219 100% 0.0 06882% NR (418031
Lactobaciius casei subsp. casel ATCC 393 strain JOM 1134 158 ribosomal RMA, partial sequence 211 2111 100% 0.0 9588% NR 1155341
Lactobacllus rhamnosus strain NBRC 3425 168 ribosomsl RMNA, pariial sequence 2007 2007 100% 0.0 0B.49% NR 1133321
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Lactobacillus paracasei subsp. tolerans strain NBRC 15906 165 ribosomal RNA, partial sequence
Sequence I NR 04105%4.1 Length: 1497 Number of Matches: 1
See 1 more title(s) «

Range 1: 35 to 1223 Gen8ank Graphics

Score Expect Identities Gaps Stramd
2151 bits{1188) 0.0 1188,/1185(99%) 0/1189{0%) Plus/Plus
Query 1 TCOAACGAGT TCTCOT TRATOATCOOTGCT TQLACCGAGAT TCAACATOOALCGAGTGRL &8
. CLLCTELEEE e n et e e e eyl
Sbjct 35 TCGAACEAGT TCTCGTTEATGATCGGTGCT TGLACCGAGAT TCAACATOGAACGAGTGEL 94
Query 61 GAGTAACACGTOOGTAACCTOCCCT TAAGTOOGRGAT Al TTaGAMALCA 128
) ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Sbjct 95 GAGTAACACGTEOGTAACCTOCCCT TAAGTORGRGAT Al TTaGAMALCA 154
COCATAGATCCAABALCCOLATRG GOCTOAAAGATOOLOTAAGLT 188

Query 121 nrﬁc]m

TAC TTCTTGEL T
LCLCTELEEELE LT et e r e e it
TAC TTCTTGEL T

|
shict 155  ATGCTAA

|
GGLGTAAGCT 214

CGLATAGATCCAMGAMCCGLATRG GGCTGAANGA
Query 181  ATCGCTTTTGEATGGACCCGCGGEGTATTAGCTAGT TGATGAGETAATGGCTCACCAAGG 244
) ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Shjct 215  ATCGCTTTTGRATGGACCCGCGGLGTATTAGCTAGT TGGTGAGETAATGGCTCACCAMGG 274
Query 241  CGATGATACGTAGCCGAACTGAGAGGTTGATCGGCCACATTGGRACTGAGACACGGLCCA 30a
) CCLCTEREEE LT e et et e e e e e el
Shjct 275  CGATGATACGTAGCCGAACTGAGAGGTTGATCGGCCACATTGGEACTGAGACACGGLLCA 334
Query 381  AACTCCTACGOEGAGGLAGCAGTAGGGAATCTTCCACAATGGACGCAAGTCTGATGGAGEA 364
) ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Shjct 335  AACTCCTACGGEAGGLAGLAGTAGGGAATCTTCCACAATGGACGLAAGTCTGATGGAGCA 304
Query 381  ACGCCGOGTGAGTGAAGAMGGCTTTCGGGTCGTAAAACTCTGTTGTTGEAGAAGAATGET 424
) CLLCTRLEEE e e e e e e e el
Shjct 395  ACGCCGOGTGAGTGAAGAAGGCTTTCGGGTCGTAAAACTCTGTTGTTGEAGAAGAATGET 454
Query 421  CGGECAGAGTAACTGTTGCCGGCGTGACGGTATCCAACCAGAAAGCCACGRCTAMCTACGT 488
) CCLCTRREEE L e EEEEE e e e L e e el
Shjct 455  CGOCAGAGTAACTGTTGTCGGCGTGACGGTATCCAALCAGAAMGCCACGRCTAACTACGT 514
Query 481  GCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTATCCGGATTTATTGGGCGTAMAGE 544
. CCLCTEREEE LT et e e L e e e et
Shjct 515  GLCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTATCCGGATTTATTGOGCGTAMAGE 574
Query 541  GAGCGCAGGCGGETTTTTTAAGTCTGATGTGAAAGCCCTCGGCTTAACCGN 56
) ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Shjct 575  GAGCALAGGLGGETTTTTTAAGTCTGATGTGAAAGCCCTCGGCT TAMLCGN 534
Query 681  CGGAANC TGGGAAACTT AGAAGAGEACAGTGEAACTCCATGTGTAGCGGTRALL 668
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Shjct B35  CGOAAAC TGGRAAACTTGAGTGLAGAAGAGGACAGTGGAACTCCATGTGTAGCGGTRALA 604
Query 661  TGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCGGCTGTCTGATCTGTAACTGACGE 724
) ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Shjct 695  TGLGTAGATATATGGAAGAACALCAGTGGLGAMGGLGELTGTCTGETCTGTAACTGALGL 754
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Query 721  TGAGGCTCGAAAGCATGGAETAGCGAMCAGGATTAGATACC ATGCCGTAAA
. |||||||||||||||||||||||||||||||||||||||| [LTLTEIIT
Shjct 755  TGAGGLTCGAAAGCATGGGTAGCGAMCAGGAT TAGATACC ATGCCGTAAA
Query 781 CGATGAATGCTAGGTGTTGRAGGETTTCCGLCETTCAGTGEC CGCATTARGC
) CCLCTELEEE L TR ey LLELIETLLN
shjct 815  CGATGAATGCTAGGTGTTGGAGGGTTTCCGLLCTTCAGTGLC CGCATTAARC
Query B41  ATTCCGCCTGGGGAGTACGACCGCANGGTTGANAC TCANAGEAAT TGACGGGGGCCCGLA
. CCLCTLLEEE LT LT e b e e e e e e
Shjct 875  ATTCCGCCTGRGGAGTACGACCGCAAGGTTRAAMC TCARAGGAAT TGACGEGOGCCCGLA
Query 981 CAAGCGGTGGAGCATGTGATTTAATTCGAAGCAACGCGAAGAA GTCTTGAC
) CCLCTEREEE LR et e e e e LLILTIL]
shjct 935 CAAGLGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAN GTCTTGAC
Query 981  ATCTTTTGATCACCTGAGAGATCAGGTTTCCCCTTCGGGEOGCAAMATGACAGETGGTGLA
. CLLCTEREEECEL TR e e e e ety LLTETILD
Shjct 995  ATCTTTTGATCACCTGAGAGATCAGGTTTCCCCTTCGRGGECAMAA GTGGTGCA
Query 1821 TGGTTGTCGTCAGCTCGTATCATGAGATGT TGEGT TAAG TCCLGLANCGAGCGLAMCCC T
) CCLCTLLEEE L e e e e L e e enenernrl
Shjct 1855 TGGETTGTCGTCAGCTCGTGTCGTGAGATGT TGRGT TAAGTCCCGLAACGAGCGLAALCL T
Query 1881 TATGACTAGTTGCCAGCATTTAGT TGAGCACTCTAGTAAGAC TGCCGGTGACAAACCG
) ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
shjct 1115 TATGACTAGTTGLCAGCATTTAGT TGGGCACTCTAGTAMGAC TELCGETGACAANL CGE
Query 1141 GGANGGTGGGGATGACGTCAMATCATCATGCCCCTTATGACCTGGGECTA 1189
. CCECTLLEEE LT e et
Shjct 1175 GGAAGGTGGGEATGACGTCAMMTCATCATGICCCTTATGACCTGGECTA 1223

C.14 Blast analysis and alignment results for k4-6a

Sequences producing significant allgnments

select all 100 ssquences selected

Download ~

faa
Bl4
Baa
B4
g8
934
968
294
1828
1854
1gER
1114
1148

1174

Manage Columns *  Show (7]

GenBank Graphics Distance tree of results

Deseription

Lactobacilus helveticus strain MBRC 15018 163 ribosomal RMA, partisl sequence

Lactobacilus gallinarum strain ATCC 33188 155 ribosomal BMA, partis] ssquence

Lactobacillus gallinarum strain JCM 2011 185 ribosomal RMA, partial sequence

Lactobacillus gallinarum strain ATCC 33188 165 ribosamal RMA, partisl ssquence

Lactobacillus helveticus OSM 20075 = CGMCC 1.1877 155 ribosamal RNA, parial sequence

Lactobacillus helveticus OSM 20075 = CGMCC 1.1877 155 ribosamal RNA, parial sequence

oA

Lactobacillus acidoghilus strain NBRC 13951 185 ribesomal RMA, partial sequence
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Max | Total Query E Per.
Scare | Score | Cover | yalue  Ident

2137 2137 100% OO0 B90.68% NR 1137191
2137 2137 100% OO0 0068% NR 0421111
2137 2137 100% OO0 0068% NR 1132811
2137 2137 100% OO0 0068% NR 1970611
2137 2137 100% Q.0 0083% NR 1170801
2137 2137 100% 0.0 00E3% NR 0424301
2054 2054 100% 0.0 BE.37% NR 113838.1

Agceszion




AT ORI TTTTCT TG T S AGA R GRS GACT GERARCT CCAT T G TAGCGET
AT R T eI TT T T T T eAGT G CAGR R A G CACT LR ATTCCAT TG TAGCGET

AT R AT ETTITTCT TEAGT GCAGAL A GEACAGT GEARCTOCAT T CTAGCEET
D B e e e e g  F  E R R T T

R T GTAGATAT AT GEALGR MR A TGO CARGECGACTCTCTGETCTGCRACTGR
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Lactobacillus helveticus strain NBRC 15019 165 ribosomal RNA, partial sequence
Sequence ID: NR 113719.1 Length: 1487 MNumber of Matches: 1

Range 1: 28 to 1196 GenBank Graphics lext Matc

Score Expect IdernLities Gaps Strand
2137 bits(1157) 0.0 1165/11653(95%) wusa[ﬂ%) Flus/Plus
Query 1 TOCAAGTCOARCGAGCAGAACCAGCAGATT TACT TCOOTAATOALGL THGOHGAT MY (-]
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Shjct 28 TOCAAGT LA GAGCAGAALCAGCAGATT TACT TCOOTAMTOALGE TROOGAL MY B7
Query 61 GOCOLATORO TOAGTACACGTOLOOAALC TOLCCCATAGTCTOORA TACCACT TOMAAA 120
. LLLLLE L EER LR R LR LRt
Shjct B GOCOLATORO TOAGTAACACGTOLOOAALC TOLLCCATAGTCTOORA TACCACT TODAAAR 147
Query 121 CAGGTGUTAATACCGOATAAGARAGCAGAT COLATOGATCAGC T TATAAAAGOLOLLGTAA 18D
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 148 CAGGTGUTAATACCGLATAAGARADCAGATCOLATOATCAGE T TATAAARDGLOOCOTAR 28T
Query 181 GCTOTCGC TATOOOA TGO CCCOCOOTGLAT TAGL TAGT TGOTAAGG TARCGOLTTACCA 2448
. LLLCOLLELEE L RL LR LR L LT TE LT
Sbjct zes GCTOTCLC TATOOOA TGO CCCOCoo TOCAT TAQL TAGT TOOTAARG TARCGOLTTACCA 267
Query 241  AGOCAATGATOCATAGLCOAGTTGAGAGAC TOATCOGLCACAT TOROAL TOAGACACOLL B9
. LCLLLL DL EER L LR R R i
Shjct 268  AGGCAATGATGCATAGCCGAGTTGAGAGACTGATCGOCCACAT TGGOACTOAGACACGGE 327
Query 381 COAMAL TCCTACGOOAGOLAGCAG TADGOAATCT TCCACAATORACOLAAGTC TRATODA 3048
. LCLELL LR ELE LR Er it
Shjct 328 COAAL TCCTALGOOAGDLAGCAG TAGGLAATCT TCCALAATORACOLAAGTC TRATODA 38T
Query 38l AMCGLLOLOTGAGT GAAGGTTTTCGRA AAAGCTCTGTTGT TOOTGAARAAD 428
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 388 GCAACGLCOCOT GAG TOAAGAAGGT T TTCORATCOTAAMGL TCTGT TGT TOOTOAADMALD 447
Query 4.1 GATAGAGGCAGT AR TGOCCTTTATT TQACCOTAATCAALCAGARAG TCALCGOL TAALTA 488
. LTI IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 448 GATAGAGGTAGT AACTGOLCTTTATT TQACRG AGALAG TCACGOL TAALT ey
Query 481 AGCAGCCOCOOTAATACGTADGTOLCAAGLGT TOT CLOOAT TTATTOOOCGTAA 548
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbhjct GSes CAGCAGC COCoGTAATACCTADG TGO CAAGCGTTGTCCOOAT TTATTOOGOCGTAR 567
Query 541  AGLGAGLOCAGGLOOAADAATAAGTCTOATOT GAAAGLLC TCOLLT TAACCGAGRAALT =1
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct S8 AGCGAGCOCAGGCOGAMGAATAAGTCTGATGTEAAAGCCCTCGECTTAACCGAGRAACTG 627
Query 621 CATCOGAAACTGTTTTTCTTOAG TOCAGAALRARGAGAG TOLGAAC TCLATOTOTAGCGOTG 664
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII LLLELLRLTELELE]
Sbjct 628 GOASACTGTTTTTCTTGAG TOCAGAAGARGADAGTOOALT TCCATOTOTAGLDOTD 687
Query 6&l GAATOLGTAGAT ATATGOAAGARC ACCALTCOLOAAGDLGACTCTCTGOTC TOCAALTRA  F2a
. LLLPLLLELE R LR e LR e erenrn
S5bjct  BBE CAATOLGTAGAT ATATGOAAGAMC ACCALTCOLOAAGDIOACTCTCTOOTCTOCAACTOA 747
Query Fi1 COCTOARGL TCOAALGIAT DG GLOAACAGRAT TAGATACCCTOO TAGTCCATOLLGT  Faa
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbhjct 748 COCTOARGLTCOAAAGIAT LG GLOAACAGRAT TAGATACCCTRO TAGTCCATOLLGT  BEYS
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Quary Fil AMACGATGAG TG TAAGTOT TROEAGET TTCCGLC T TCAGTOLTOCAGC TAACGCATTA  BAG
. CLLCTELEEE R et e e e e n e e eyl
5bjct EBes AMACGATGAGTOCTAAGTOT TROEAGET TTCCRC T TCAGTGLTOCAGC TAALGCATTA  BaS
Queary B4l AGLACTCLGCCT GOGOAGTACAC COCARGGLT TOAAAL TCAARGGAL T TRACGORGLICL 909
) LCLCTLLEEE e EL LTt et e e e e e et
5bjct BEaB AGCACTCCGCCT GOGOAGTACAC COCARGGT TOAAAL TCAARGGAL T TRACGORGRICL 927
Query 4981 LAl ARG OGO TOGAGCATOTGGET T TAAT TCAAGC AACGLGAAGAACCTTACCAGGTCTT 964
) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
5bjct 928 LAl ARG OO TOGAGCATOTGRT T TAAT TC ARG AACGLGAAGAATCTTACCAGGTCTT 987
Query 4981 GACATCTAGTRCCATCCTAAGAGAT TAGRAGT TCCCT TCOGROACGC TAAGACAGG TOGT 1828
) CLUCTCLEEE LT et et ey en e eyl
5bjct 988 GACATCTAGTRCCATCCTAAGAGAT TAGEAGT TCCCT TCOGROACGE TAAGACAGG TGGT 1847
Query 1221 OLATOOCTGICOTCAGLTLGTGTCGTGAGATOT TooGT TAAGTCLLOLAALGADLGLAAL  1HER
. COLCTCLEEE e T e e et e L e e p et
5bjct 1848 GCATOGLTGTCGTCAGCTCGTGTCOTGAGATGT TGRGT TAAGTCCCGCAACGAGCGLAAL 1187
Query 1881 COTTGITATTAGT TOQLCAGCAT TAAGT TGLOLACTCTAATGARAL TOLLGOTGACAAALL 1148
. CCLCTLTEEE LT e e e L et e eeiert il
5bjct 1188 CCTTGTTATTAGT TGLCAGCATTAAGT TOGGCACTCTAATGAGACTAGCCGOTGATAMACE 1167
Query 1141 GAAGETEOOOATGALGTCAAGTCAT 1169
) CCLCTCTEEETE T TErertyyntl
5bjct 11e38 GAAGETEOOEATGACGTCAAGTLAT  11¥9:
C.15 Blast analysis and alignment results for k4-16
Sequences producing significant allgnments Download ™ Manage Columns ~  Show @
select all 200 sequences selected GenBank Graphics  Distance tree of results
. Max | Toal | Query E Per. 5
Description Score | Score | Cover | value  |dent fecession
Lactobacillus paracassi subsp. tolerans strain MEBRC 15906 165 ribosems| RMA pamis| sequence 1447 1447 100% 00 99.87% NR 0£10541
Lactobac 168 1447 1447 100% 0.0 DO.87% MR 025820.1
Lactohacs 1443 1443 100% 00 90.75% NR 1133371
Lactobacilus paraca 1441 1441 100% OO0 90.75% NR 1179871
Lsctobaciius zess strain RIA 482 185 ribosomsl RNA gartis! ssquencs 1408 1408 100% 0.0 98.88% NR 0371221
Lactobacillys casei strain MERC 15883 168 ribozornal RMA, partisl cequence 1406 1408 100% 00 98.35% MR 1
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Lactobacillus paracasei subsp. tolerans strain NERC 15906 165 ribosomal RNA, partial seque
Sequence I NR 041054.1 Length: 1497 Number of Matches: 1
See 1 more title(s) v

Range 1: 62 to 347 GenBank Graphics

Score Expesct Tdertities Gaps Strand
1447 bits(723] 0.0 785/786(9%%) 0/786[0%] Plus/Flus
Query 1 GCTTOCACCGAGAT TCAACATORAACGAGTOLLGOACGRG TGAGTAACACGTGRGTAACC B4
. COLTCLEEEE L et e ek et e et el
Sbjct 62 GCTTGCACCGAGAT TCAACATOLAACGAGTORCOOACGOGTOAGTAACACGTGOGTAACC 121
Query 61 TECCCT TAAGTROGGATAACATT TGAAACAGATGL TAATACCGCAT AGATCCAAGAAL 128
. COLLCLEEETEEE et e e e ket e et
Sbjct 123 TRCCCTTAAGTOGGOGATAACATT TOGAAACAGATGCTAATACCGCATAGATCCAAGANT 11
Query 121 CoCATOGTTCTTOGC TEAAAGATGECGTAAGCTATCOCTTTTRGATOGACCCGCGRIGTA 188
. COLLLRELETE e rr et e p et e ki et
Sbjct 182 COCATEGTTCTTGOCTOAAARATOGCGTAAGCTATCOLTTTTGOATRGACCCGOGGEGTA 241
Query 181 TTAGCTAGTTOGTGAGGHTAATGLL TCACCAAGGLOATOATACGTAGLCGAAL TOAGALG 248
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 242 TTAGCTAGTTGGTGAGHTAATGLCTCACCAAGGLGATOATACGTAGCCGAML TOAGAGG 381
Query 241 TGATCOGCCACAT TOOGACTEAGACACGOCCCAAAC TCCTACGORAGGLAGCAGTAGRGA 388
. LOLTCLLEEE L e e et e e e e ettt
Sbjct 382 TOATCOGCCACAT TOOGACTRAGACACGOCCCAAAL TCCTACGORARGCAGCAGTAGRGA 3681
Query 381 ATCTTCCACAATOGACGLAAGTCTRA CAACGLLGLG T GAGT GAAGAAGETT 368
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbijct 382 ATCTTCCACAATG GLAAGTCT @A CAACGLCOCOToAGT GAAGAAGRCTTTCE 421
Query 38l TCaTAARACTCTGTTGT TRGAGAAGAATGOT COGLAGAGTAACTGT TRCCGRCGTRAC 428
. COLLLLEEEE e et e e e e e et e ee ey Al
Sbjct 423 GOTCGTAARACTCTGTTGTTROAGAAGAATGOTCOGCAGAGT AACTGT TATCGELGTGAC 481
Query 421 CCARCCAGAAAGL CACGLC TAACTALGT GCCAGLAGLCOGLOLT AATACGTAGRTE  4BR
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 482 GOTATCCAACCAGAAAGCCACGOC TAACTACGTRCCAGCAGCCGCGRT AATACGTAGGTG 541
Query 481 GLAAGLGTTATCLGGATT TAT TGOGCGTAAAGLGAGLOLAGGLOLT TTTTTAAGTCTGAT S48
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 542 GCAAGCGTTATCCGGATTTATTGOGCGTAAAGCGAGCGCAGGLGRT TTTTTAAGTCTGAT 681
Query 541 GTGAAAGLCCCTCOOGCT TAACCGAG ATCOLAAACTOLOAAAC T TGAGTGCARAS BHB
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct  BEZ TEAMAGLCCTCOGC T TAALCG TCO@AAAL TGOGAMALT CAaBAA 661
Query 681 GAGDALAGTGOAACTCCATGTGTAGCGOTGAALTGCGTAGATATATLGAAGAACACTAG =415
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
S5bjct 682 GAGEACAGTGGAACTCCATOGTOTAGLGLTGAAATOCGTAGATATATOOAAGAACACCAGT 721
Query b&l GLOAAGELCOC TOTCTGLTC TGl AAL TGACGC TGAGGL TCOARAGLATOGO TAGLGAAL 728
) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct T2z GLOAAGECEACTATCTGGTCTG TGACGCTOAGGC TCGARAGCATOGETAGLGAAC  7E1
Query 721 AGGATTAGATACCCTGGTAGTCCATOCCGTAAACGATGAATGCTAGGTGTTOGAGRGTTT 788
. [LLLLELLERELE LI C e e et e e e e e e erenigty
Shjct 782 AGGATTAGATACCCTGGTAGTCCATOCCGTAAACGATGAATGLTAGLTGTTOOAGRGTTT 841
Query 731 TLll.'rLll.'l_Ll 786
Sbjct B42 CCOGCCC  BA7
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C.16 Blast analysis and alignment results for k4-17

Sequences producing significant alignments Downlead ~ Manage Columns > show
select all sequences selected GenBank Graphics  Distance tree of results
Descrigtion Max | Towal | Query E Per. Asgossion

Score | Score| Cover | value Idert

1936 1936 100% 0.0 99.21% MR 113 1
1935 1036 100% 00 90.81% NR 117887.1
1935 1836 100% 0.0 98.31% NR 0233301
= partis! sequence 1932 1032 100% 00 90.72% NR 0371221
us casei strain MERC 152883 168 ribosomal RMNA, partisl sequence 1930 1830 100% 00 98.72% NR 1133331
us rhamnesus strain NBRC 3425 165 ribosomal RMA, pariial sequence 1930 1930 100% 00 98.72% NR 1133321
us cazei subsp. case ATCC 303 188 ribosomal RMA. partial sequence 1030 1930 100% 0.0 00.72% MNR 0418031
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Strand
Plus/Minus

1/1055{0%)

Gaps

1053/1055(99%)

Graphics
Identities

Expect

Lactobacillus paracasei strain NBRC 15889 165 ribosomal RNA, partial sequence
0.0

Sequence ID: NR_113337.1 Length: 1435 MNumber of Matches: 1

Range 1: 409 to 1463 G=nBank
1236 bits{1048)

Seore

GLTCOCTCCCT - ARAGGL T TACGLCACCOGL T TOOOOTOT TACARAL TCTCATGOTOTRA S0

1

Query

1484

GEGTTACGLCACCOLCTTCGOGTGT TACAMAL TCTCATOGTGTGA

119

TACAAGOTCCOOoAACOTAT TCACCOLOGOCOTOL TOATCCGLOATTACT 1344

COLoLOoT TGl ALAAGDLCLOO0AALGTAT TLACLGUOLLG IOl TOATCLGLGAT TALT

=1 ]
14483

Query
Sbjct

AGCOATTCCGAL TTCOTOTAGLL GAGT TOCAGLL TACAGTCCOARL TGAGARTGRLTTTA 179

128

Query
5bjct

[IELETELD
TTCCGAL TTCGTGTAGECGAGT TRCAGCL TACAGTCUGAAL T GAGAMTGRCTTTA 1284

[
GA

L]
1343 AGC

1283 AQAQA

134 ACADAT TARL TTEACC TOOLGLTCTCoUAAC TLOT TOTACCATOLAT ToTAGLALGTGTG 239

query
Sbjct

TTAGCTTQACCTCOLOTCTCOLAACTCOTTOTACCATCCAT TOTAGLACGTOTG 1224

TAGCCCAGGTCATAAGGOOCATOATOAT TTGACGTCATCCCCACCTTCCTCOGGTTTGTC 209

248

Query
5bjct

LLOLITTETELT
1223 TAGCCCAGGTCATAMGGOGCATGATGATTTRACGTCATCCCCACCTTCCTCOGGTTTGTC 1184

359

34 ACCGOCAGTCTTACTAGAGTOLCCAAC TARATOL TOOCAAC TAGT CATAAGGO T TGLGLT

Query

AGAGTOLCCAMC TASATOL TOOCAAL TAGT CATAMGGOT TGLGLT

1184

[111]
TTALT

COTTOCOOGACT TAACCCAACATC TCACGACALGAGL TOACGACAAL CATOLALCACLTG 419

3ed

Query

L1 ]
1183 CGTTECGGEEACT TAACCCAACATC TCACGACACGAGL TGACGACAAC CATGCACCATCTG 1644

5bjct

TCATTTTGOCCCCOAAGDORAASC CTEATC TCTCAGGTOAT CAARAGATOTCAAGACC TG 479

Quary 428

[LOTITTEL
3 TCATTTTGCLCCCOAAGGERAAALCTEATC TCTCABGTGATCAAMAGATATCAMRACCTE 984

1e4

Sbjct

539

T]’ME{J} ﬁ |f 'i{l_'l.'l:ll:l.':l'l TOCTTCGAAT TAAACCACATGL TCCALCGLT TR T UGG CCCT
GIrAADGTTCTTCGLGTTOLT TOoAAT TAARCLALATOL TOLALLOLT ToToloal el 2944

Query 438

shjct &3

x99

LA

GTCAAT TCCTTTGAGT T TCAACC T TGLGLTCOTAC TCCCCAGOLOLAATOLT TAATGLGT

244

Query

Eod

GAGTTTCAACCTTGLGOTCOTAC TCCCCARGLOGAATGCT TAATGLGT

shjct @23

TAGL TGOGECAL TEAAGLOLGLAAALCOTCCAALACCTAGCATTCATCOT TTACGOLATG 659

1]

Query

LTI
TAGL TGLGECAC TGAAGGELGRAAACCC TCCAMCACC TAGCATTCATCGT TTACGGCATG S84

BG3

Sbjct

f13

bed GACTACCAGGOT AT CTAATCCTOTTCOL TACCCATOLT T TCGARC LT CAGLGTCAGTTALC

Query
Sbjct

(1111
GTATCTAATCCTGT TOGCTACCCATGETT TCGARCCT CAGLGTCAGTTAL 744

BBz

ALACCAGACAL Lol CTTO O CACTGOTOT TCTTCCATATATCTACGLATTTCACCGLTA 779

728

Query

AGACCARACAGC LT TCOCCACTOOTGT TCTTCCATATATCTACGLATTTCACCGLTA &34

fa3

Sbjct
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Query F2d CACATGEAGT TCCACTGTCCTCTTCTGCAC TCAAGT TTCCCAGT TTCCGATGCGOTTCCT B39
. CCTELERE LT n e e e n e n e et e et e ienerenl
Sbjct B33 CACATORAGT TCCACTOGTCCTCTTCTLAC TCAAGT TTCCCAGT TTCCGATOGCGETTCCT 624
Query 544 Lol TAAGLLGAGRGLT T TCALAT CAGAL T TAARAAALCOLL Tl TCOGLTTTALGLCL  BYD
) CCLCEETEREEE e e et e e et e ek e el
Sbjct 623 COOTTAAGCCGAGRGLTTTCACAT CAGAC T TAARAAACCOLC TRl TCOGLTTTALGICC 564
Query 9ed ALTAARTLLOGATAACGL T TOLLACC TALGTAT TACCGLOLL TG TOOLALGTAGT TAGL 959
) LCIPCERELERE e rC e et e et e ek e et
Sbjct 563 ALTAAATCCOQATAACGC TTGLCACCTACGTAT TACCOLGOC TGCTOGCACGTAGT TAGE  5E4
Query 4988 COTGRCTTTCTOGT TRGATACCGT CACGLCGGCAACAGT TACTCTGLCGACCATTCTTCT 1819
. CCLPLEREY Rt e e e Cer et e e eenetenl
Sbjct 5E3 COTaGaCTTTCTOGT TRGATACCGT CACGUEGACAACAGT TACTCTRLCOACCATTCTTCT 444
Query 12 LCCAACAALAGAGT TTTACOALCLOAAAGLLTTICTT 1854
) LEDCEETELEEEL T E e En e e
Sbjct 443 COAACAATAGAGTTTTALGACCLGARAGCTTTCTT 489
C.17 Blast analysis and alignment results for k4-28
Sequences producing significant allgnments Download ~ Manage Columns ~  Show 2]
select all 100 sequences selected GenBank Graphics  Distance tree of results
. Max | Total | Query| E Per. .
Descipson Score | Score | Cover value  Ident fsassion
Lsctobacius parscassi subsp. tolersns strain NERC 15205 155 ribosomsl M4 pamis| ssquence 2172 2172 100% 0.0 90.50% NE 0410541
Lzctobacillus paracasei strain R34 155 ribosomal RMA gane, partial seouence 2172 2172 100% 0.0 98.50% NR 0253801
Lactobacllus paracsssi strain ATCC 35302 168 ribosomal BNA, partial sequence 2170 2170 eE% 0.0 98.53% NBE 1978871
Lsctobaciius parscasei sirain NBRC 15880 185 ribosomal RNA, partisl sequence 2168 2160 100% 0.0 99.41% NE 1933371
Lactobacillus zeze strain RA 482 185 ribosomal RMA, partisl sequencs 2108 2108 100% 0.0 93.49% NR 0371231
LactobacTius casei sirain MERC 15883 155 ribosomal RMNA, partisl ssquence 2104 2104 100% 00 B8841% NE 1933331
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Lactobacillus paracasei subsp. tolerans strain NBRC 15906 165 ribosomal RNA, partial sequence
Sequence ID: NR 041054.1 Length: 1497 Mumber of Matches: 1
See 1 more title(s) +

Range 1: 20 to 1223 SenBank Graphics

Seore Expect Tdderbities Gaps Stramd
2172 bits{1178) 0.0 1189,/1195(99%) 2/1195{0%) Plus/Plus
Query 1 TGC-AGTCE-ACGAGTTCTOGT TRATGATC GG TGCT TRCACCGAGAT TCAACATGGAACG 53
) (11 11111 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 29 TECAAGTCRAACGAGTTCTCOT TRATGATCRGTGCTTECACCGAGAT TCAACATGAACG BB
Query 59 GOCoaACHGG TAACACGTGOOTAACCTGCCCT TAAGTGRGGOATAACATTTGE 118
) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
5bjct B9 GLEGACEOGTGAG TAACACGTGOGTAACCTGLCCTTAAG TGRGGLATAACATTTGE 148
Query 119  AAACAGATGCTAATACCGCATAGATCCAAGAACCGCATOGT TCTTROCTOAARGATRGCD 178
) CCCCPLTELEEE et b et e e et
Sbjct 149 AAACAGATGCTAATACCGCATAGATCCAAGAACCGCATGATTCTTOROCTGAAAGATOOGLG 288
Query 179 TAAGCTATCGCTTTTOOAT GoACCCOCGOCGTAT TAGCTAGT TEOTOARGTAATGOCTCA 238
. CCTDEETECELE TRt e e e e e e i e e e et
Sbjct  Zed TAAGCTATCGCTTT TOOAT eoALC OGOl GTAT TAGCTAGT TEOTOARGTAATGOLTCA 268
Query 239 COAAGGCOATGATACGTAGOCGAAC TOAGAGGT TRATCORLCACATTGOGAC TGAGACAL 298
) CCLLEETEE R et e r e et e e et e e entniin
S5bjct 289 CLAAROCOATRATACGTAGC GAAL TOABAGGT TRATCORLCACAT TGOOACTRAGACAL 328
Query 299 GOCCCAAACTCCTACGOOAGGCAGCAGT AGRGAATCT TCCACAATGOACGCAAGTCTGAT 358
) CCLCEETELE e e et e e e e eyl
Sbjct 329 GOCCCAAACTCCTACGOOAGGCAGCAGT AGRGAATCT TCCACAATGOACGCAAGTCTGAT 388

Query 350 GGEAGCAACGCCGCGTGAGTGAAGAAGGCTTTCGGGTCGTAMAACTCTGTTGT TGRAGAAG 418
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Shict 380  GGEAGCAACGLCGLGTGAGTRAAGAAGGCTTTCOGGTCGTAMMACTCTGTTGT TGRAGAAG 448
Query 419  AATGGTCGGCAGAGTAACTGTTGCCGGCATGACGGTATCCAMCCARMAAGCCACGGCTAR 478
) LDLEETEREL R E e ROt e e e e ien
Shjct 449  AATGGTCGGCAGAGTAACTATTGTCGGCATGACGGTATCCAACCARAAAGCCACGGCTAA 508
Query 479  CTACGTGCCAGCAGCCGUGETAATACGTAGGTGGCAMGCGT TATCCGGATTTATTGRGLG 538
) CLLLEETET R et e e e e e e n e el
Shjct 589 CTACGTGLCAGCAGLCGCGETAATACGTAGGTGGCAMGCGT TATCOGGATTTATTGEGLG 568
Query 539 GLGAGCGCAGGCGGTTTTT TAMGTCTEATG TGAAAGCCCTCGGET TAMCE sk
) ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Shict 560  TAAMGCGAGLGLAGGLGGTTTTTTAAGTCTGATGTGAAMGCCCTCRGCTTAACCGAGGAA 628
Query 599 GCATCGRAAA TGHGAMC TTGAGTGCAGAMGAGRACAGTGGAAC TCCATGTETAGCGE 658
) ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
shjct 629 GCATCGRAAA TGEGAAAL T TGAGTGLAGAAGAGGACAG TGGAAC TCCATGTATAGLE 688
Query 659  GTGAAATGCGTAGATATATGGAMGAACACCAGTGGLGANGGCGGCTGTCTGATCTGTAAL 718
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Shict 689 GTGAAATGCGTAGATATATGGAMGAACACCAGTGGLGAMGGCGGCTGTCTGGTCTGTAMC 748
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Query 13 TGACGC TOAGHL TCOAAAGLATOOO T AGL QAL AGGAT

I
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIl

5bjct a9 TaACC TGAGRT TCGARALCA TG TAGLGAAC AGGAT

Query JFra COTAAACGATGAATG

CT
LCVLTELETETETLLny
CT

Sbjct Bed COTAAACGATRAATG

AGGTGTT
NN
AGGTETT

Query B39  TTAMGCATTCCGCCTGGGEAGTACGACCGCAAGGT TGAAAL TCAMAGGALT TGACGGGGE
) RN
Shjct B89  TTAMGCATTCCGLCTGGGEGAGTACGACCGLANGGT TGAAACT GAAT TGACGGGRG
Query B9  CCCGCACAAGCGGTGGAGCATGTGETTTAATTCGAAGCAACGCGANGAACCT TACCAGGT
) LLLCTEEE T n e e e e e e e e e e el
Shjct 929 CCCGLACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGLGANGAACTTTACCAGET
Query 959  CTTGACATCTTTTGATCACCTGAGAGATCAGGTTTCCCCTTCGGGGECAMAATGACAGGT
) CCLCTLEE LT e e e e e e e e el
Shict 980  CTTGACATCTTTTGATCACCTGAGAGATCAGGTTTCLCCTTCG AAANTGACAGGT
Query 1819 GGTGCATGETTGTCGTCAGETCGTGTCGTGAGATGTTAGGT TAAGTCCCGCAALGAGCGE
) RN
shict 1849 GGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATETTGGGT TAAGTCCCGLAALGAGLEE
Query 1879 AACCCTTATGACTAGTTGCCAGCATTTAGT TGGGCACTCTAGTAMGAC TGCCGETGACAA
) CCLCTL LT e e e e e e e e h e e e e e
Shict 1189 AACCCTTATGACTAGTTGLCAGCATTTAGT TGGGCACTCTAGTAMGAL TGCCOGTGACAL

Query 1139 hLLGhAuﬁAA??gT-?fnr CGTCAAATCATCATGLCCCT TATG
) [LDLTLTLT LCLELETTEEETE ERE e e e et Ty
sbict 1169 ACCGLAGGAAGGTGOGGATRACGTCAAATCATCATGLLCCTTATG

C.18 Blast analysis and alignment results for k5-3

B

ERE

E3E

BoB

BUE

928

958

988

1g18

1p43

18/8

1188

1138

1168

ACTOGOGLTA 1193

ACCTOROOTA 1223

Sequences producing significant allgnments Download ™ Manage Columns ' Show @
selectall 100 sequences selscted GenBank Graphics  Distance tree of results
e sr:::e ;::IE 2:3 vatue |::ﬁ feseszien
Lsctobacllus paracasei subsp. tolerans strain NERC 15905 165 ribosomal RMA, partisl sequence 2224 2224 100% 0.0 90.43% NR 04105441
Lactobacillus paracasei strain R0G4 185 ribosomal RMA gene., parial sequence 2224 2324 1W00% 0.0 0043% NR 025880.1
Lsctobacllus paracasei strain NBRC 15889 185 ribosomal RMA, partial sequence 2220 2220 100% 0.0 90.35% MR 1133371
Lactobacllus paracasei strain ATCC 25302 185 ribosomal RMA, partial sequance 2211 2211 9@ 0.0 00.35% NR 1179ET.1
Lactobacllus zese strain RIA 482 165 ribosomal RMNA, partisl sequence 2150 2150 100% 0.0 98.45% NR 0371224
Lactobacilus casei strain NERC 15883 165 ribosomal RMA, partisl s2quencs 2156 2156 1W00% 0.0 9837T% NR 1133331
Lactobacllus casei subsp. casei ATCC 393 185 ribosomal RMA, partial sequence 2152 2182 100% 0.0 98.37% NR 04180341
Lactobacillus casei subsp. casei ATCC 303 strain JCM 1134 185 ribosomal RMA, partisl sequence 2145 2145 1W00% 0.0 9821% NR 1155341
hd  Lsctobacllus thamnosus strain NBRC 3425 165 ribosomal RMA, partial sequence 2130 2130 100% 0.0 9B.05% NR 1133321
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Lactobacillus paracasei subsp. tolerans strain MBRC 15206 165 ribosomal RMA, partial se«
Sequence II: HNR 041054.1 Length: 1497 Mumber of Matches: 1
See 1 more titlefs) +

Range 1: 20 to 1256 Gen8snk Graghics lext Mate = oK

Score Expect Identities =aps Strand
2224 birs(1204) 0.0 1221/1228(99%) 6/1228[0%) Plus/Flus
Query 1 TGC-AGTCoAACGAGTTCTCOT TOATGATCGATOC T TelALCG TCAALAT G 34
. 111 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 29 ToCAAL T ARl GAGTTCTCOTTRATGATCGOTOC T TRLALLG TCAACATRG B8
Query &2 TEAGTAALALGTGOGTAACCTGLLC T TAAGTOROGOATAACATTTGD 119
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct B9 GOGTAACCTGOCCT TAAGTORGGOATAACATT TR 148
Query 124 AR AGA AATACCGCATAGATCCAAGAALLGLATGOT TCTTOOL TGAAAGATGOLG 179
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbict 149 ARG A SATACCGCATAGATCCAAGAALCGLATGOT TCTTROLTGAAAGATOLG 268
Query 124 TRAGLTATCGLT TTTOGATGOACL COLGOLGTAT TAGC TAGT TGO TGADGTAATOLTCA 239
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 20 TRAGUTATCGLT TTTOGAT COOLGOiGTATTAGC TAGT TG TGADGTAATOLTCA 268
Query 44 CLAAGGLOATRATACGTAGLLGAAL TOAGADGD T TRATCGRLCACAT TGOLAC TGAGALAL 299
. RN RRARAAN
Sbjct 69 CLAADGUOATRATACOTAGCCOAAL TOADADOT TEATCOOLCACAT TGOOAL TGAGALAL 328
Query 24 GOCCCAAAL TCC TACOOLAGOC AGLADTAGLOAATC T TCCACAATOOACGLAAGTCTGAT 359
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 329 GOCCCAAAL TCL TACOGLAGGC AGLAG T AGLOAATCTTCCACAATOOACGLAAGTLTGAT 288
Quary Zod GGAGCAALGLCGLGTOAG TGAAGARAGHIT GOGTCGTAMAACTCTGTTGT TORAGAAD 419
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Shjct 389 GLCOCaToALD TGAAGAAGHIT T TCROG TCOTAAAACTCTGT TGT TGmA G 448
Query 424 ALTGGETC TGl TaCCGhiGT TaATCCAALCARAAAGLLALGOLTAA 473
. IIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbict 449 AATGETOGCACAGTAAC TGT TGTOGOCO T GALGR TATCCAALCAGAAAGLCALGOLTAA SHE
Query 424 CTACOTOLCAGLARLCGUOLTAAT ACGTAGOT GOCAAGCGT TATCCOGAT TTATTGRGLG 539
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct Se9 CTAaCoTolCA ARl CoUaLTAATACGTAGOT oL AAGCGT TATCCOGAT TTATTGRGLG 568
Query 544 GITTTTTTAAGTCTGATOT GAAAGLCCTCOOC T TAALT 5939
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 559 O oA oL AnGLGOTTTTTTAAGTC TGATGT GAAMGLC GOCTTALCT 628
Query bed OLOCATCOLAAAT TGOGAAAL T TAG TOLALAACADOACAGTORAAL TCLATGTGTAGCOD  £59
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 829 OLoCATCOLAAAT TGOGAAALT TeAG TG AGAAGAGGACAGTORAAL TCLATGTGTAGCOD  BBE
Query &od ToAAATGLGTAGATATATGOAAGAACAC CAGTOGLGAAGGCGRC TG TCTGGTCTG 14
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct B39 ToAAATGLGTAGATATATGOAAGAMACACCAGTORLOAADGLORCTOGTCTOLTCTGTAAL Ff4B
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Query Ffla TEACGC TOAGLL TOGAAAGLATODO T AGLGAACAGGAT TAGATALCC TOGTAGTCLATGE 79

5bjct  Fad TEACGLTGAGET TCGALAGEATOEGTAGLGARC AGGAT TAGATACCCTOLTAGTCLATGL  BEE

Query Ff8a COTAAACOAT RAATGLTAGETGT TRGAGOGT T TLCGLCC T TCAGTGLCOLAGL TARCGLA B39

) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct  BEd COTAAACOAT RAATGLTAGETGT TRGAGOGT T TOCOLCCT TCAGTGLCOLAGL TARCGLA BoB
Query 844 TTAAGCAT TCCOCCTOOOOAGTAC GALCOCAAGG T TGAAAL TCARAGGAAT TGACGRGOGO BYD

. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct  BEeY TTAAGCAT TCCOCCTOOOOAGTAC GALTOCAAGG T TGALAL TCAAAGGALT TRACGRGOGO 928
Query 928 COCOCACAAGLOGTOOADCATOTGGT TTAAT TCOAAGL AR CCTTACCAGGT 958

) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 929 CLCGLACAAGLOGTOOAGTATGTRGT TTAAT TCaAAG AACCTTACCAGRT 9dEE
Query 9&8 CTTGACATCTTT TEATCALCTGAGAGATCAGGTTTCLCCT TCOOGEOCARALATOALAGLGT 1819

. CCLTEEELET L e e e e e e e e r e eernienl
Sbjct 989 CTTGACATCTTIT TOATCALCTOARAGATCAGGTTTCCCOT TCOOOOGlAAAATOACAGLOT 1843
Query 128 GOTGLATOGT TGTCOTCAGLTCO TG COTOAGATOT Taah T TAALG TLLLGLAALAGLGL 18S9

) LELETETE R Rt e e et e b e e ettt
S5bjct  1edY% GOTOCATOGTTGTCOGTCAGCTCOTATCOTGAGATOT TOGOET TAAGTCCCOCAACGARCGE 1188
Query 1288 AALCCTTATGACTAGTTGCCAGLATTTAGT TOROCACTCTAGTAARACTGLLOGTOALAR 1139

. [CLLELT LR e e e e e e et eerntent
Sbjct 1189 AMCCCTTATGACTAGTTGLCAGCATTTAGT TGOGCACTCTAGTAMGACTGCCAGTGACAS 1168
Query 1148 ACLGEAGOAACG TOGO-ATGACOTC-AATCATCATOLCCCTTATOQACLTGOOGLTAC -CAC 1196

. [CLLTEDEIERELEr 1ttt IIIIIIIIIIIIIIIIIIIIIIIIIIIIII [
5bjct 1169 ACCOLGAGGAAGG TOGOGATGACGTCARATCATCATGOCCCT TATGACCTGOGE TACACAL 1238
Query 1197 GTOLTACA-TOOATGOTACA-COAGTTG 1222

) LELETEDE PEEELLDRTLE TEriLn
Sbjct 1239 GTOCTACAATGGATGGTACAACGAGTTG 1256

C.19 Blast analysis and alignment results for k5-3 a
Sequences producing significant alignments Download ™~ Manage Columns ~  show 2]
& selectan 100 sequences selected GenBank Graphics Distance tree of results
L Max | Total | Query E Per. .
Descripfion Score | Score | Cover | value  Ident fesession

Lactobacilus paracasei strain M3RC 15389 133 rbosomal RMA, partisl sequence 2206 2205 100% OO 90.75% NE 1133371
Lactobacillus paracasei subsp. tolersns strain NERC 15808 165 ribosomal RNA, partis] sequence 2204 2204 100% 00 99.75% MR 0410541
Lactobaciius paracasei sirain R094 185 ribosomal RMA gene, partial sequence 2204 2204 100% OO0 98.75% NE 0253801
Lactobacllus paracasei strain ATCC 25302 185 ribosomal RMA, partial sequence 2191 2181 @83 00 90.87% NE 117937.1
Lzctobacius zese strain RIA 423 132 ribosomal RMA partis! ssquence 2156 2155 100% OO0 90.00% NE 0371221
Lactobacillus casei strain NERC 15883 185 ribosomal RMA, partisl sequence: 2152 2152 100% 00 98.92% MR 1133331
Lactobaciius casei subsp. casei ATCC 393 1835 ribosomal RMA, partial sequence 2150 2150 100% 0.0 98.82% NE 0413831
Lactobacilius casei subsp. cassi ATCC 393 strain JCM 1134 188 ribosomal RMA, partial sequence 2141 2141 100% OO0 9875% NE 1185341
Lactobacillus rhamnosus strain MNBRC 3425 165 ribosomal RMA, partial sequence 2126 2126 100% 00 98.50%
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Lactobacillus paracasei strain NBRC 15889 165 ribosomal RNA, partial sequence
Sequence ID: NR 113337.1 Length: 1495 MNumber of Matches: 1

Range 1: 19 to 1221 SenBank Graphics dext

Score Expect Iddentities Gaps Stramd
2206 bits{11594) 0.0 1200/1203(99%) 1/1203{0%) Plus/Flus
Query 1 GCCTAATACATGCAAGTCOAACGAGTTCTTGT TOATGATCGGTRCTTGCACCGAGATTCA &8
. LT ELE LT Er e ety e e e e ieyrn
Sbjct 19 GLCTAATACATOCAAGTCOAACGAGTTCTCOTTOATGATCGGTRCTTGCACCGAGATTCA 78
Query b1 ACATEOAACGAG TOGCGOACGOGTOAGTAACACGTOOGTAACCTGCCCTTAAG TROOGoA 128
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 79 ACATEOAACGAG TOGCGOACGOGTOAGTAACACGTOOGTAACCTGCCCTTAAG TROOGaA 138
Query 121 TAACAT TTRGAAACAGATGC TAATACCGCATAGAT CCAAGAACCGLATEGTTC T TGRT 188
) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 139 TAACAT TTRGAAACAGATGC TAATACCGCATAGAT COAAGAACCGLATEGTTC T TGRTC 198

Query 181  AMGATGGOGTAAGCTATCGCTTTTGEATGRACCCGLGGECGTATTAGCTAGT TEGTGAGE 248
. CCLLTEL TR TR e Er ey e et L e e e e ey e e et
Shjct 199  AMAGATGGOGTAAGCTATCGCTTTTGGATGGACCCGLGGCGTATTAGLTAGT TGRTGAGG 258
Quary 241  TAACGGCTCACCAAGGCGATGATACGTAGCCGAAC TGAGAGGT TGATCGGCCACATTGRG 388
. 11 ||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Shjct 259  TAANGGCTCACCAAGGCGATGATACGTA € TGAGAGET TGATCRGCCACATTGEG 318
Query 3@l GAGACACHGCCCARAC TCE TACGEEAGGCAGC AGTAGGGAATCTTCCACAATGRACG 368
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Shjct 319 CCAMACTCL TACGOEAGGLAGCAGTAGGGRAATC T TCCACAATGRACE 378
Query 381 TCTGATGGAGCAM GCCGLG TGAGTGAMGAAGGLTTTCERGTCGTARMACTCTGTT 428
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Shjct 379 TCTGATGGAGCAM GCCGLG TGAGTGANGARGECTTTCORGTCGTARMACTCTGTT 438
Query 421  GTTGGAGAAGAATGGTCGGCAGAGTAACTGTTGTCOGCGTGACGGTATCCAMCCAGARAG 488
. RN R ARy
Shjct 439  GTTGGAGAAGAATGGTCGGCAGAGTAACTGTTGTCOGCGTGACGGTATCCAMCCAGARAG 408
Query 481  CCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGOCAMGCGTTATCCGGAT 548
. LCLLLELETE TR e e e e e et e b e bt b e e e e eyt
Shjct 499  CCACGGCTAMCTACGTGLLAGLAGCLGCGGTAATACGTAGGTGOLAMGCGTTATCLGGAT 558
Quary 541 TTATTGGGOGTAAMGCGAGCGCAGGLGETTTTTTAAGTCTGATGTGARMAGCCCTCGRETT 688
. CCLPLEL TR T e e e e n ey e e e e e e e e e ety
Shjct 559 TTATTGGGOGTAAAGLGAGCGLAGGLEGTTTTTTAAGTCTGATGTGARMMGLCCTCGELTT 618
Query 681 GAGGAAGCGCATCGEAMLT CTTGAGTGCAGAAGAGGACAGTGGAAC TCE 668
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Shjct 619 GAGGAAGCGCATCGEAME TGEEAME T TEAGTGCAGAAGASGACAGTRGAACTCE 678
Quary E61  ATGTGTAGCGGTGAAATGLGTAGATATATGGAAGAACACCAGTGGCGARGGLGECTGTCT 728
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Shjct 679  ATGTGTAGCGGTGAMATGLGTAGATATATGGAAGAACACCAGTGGCGAAGGLGELTGTCT 738
Quary 721 GGTCTGTAACTGACGLTGAGGCTCGAAMGCATGGG TAGCGAACAGGAT TAGATACCCTGE 788
. LCLCLEV TR EEn e er e e et et e e e e et e eee ety
Shjct 739  GGTCTGTAACTGACGLTGAGGLTCGAAMGCATGGE TAGCGAACAGGAT TAGATACCCTGG 708
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Query Fil TAGTCCATOLCG TAAACGATOAATOC TARGTOT TOOALGGOT TTCLOLCCT TCAGTOLLGE  Bad
. LLCLULLELEEELEEEEEEL PR L L LT LT
Sbjct 799 TAGTCCATGLCG TAAACGATOAAT DL TARGTOT TOLALGGLT TTCLLCCT TCAGTOLLGE  BSE
Query 841  AGCTAACGCATTAAGCATTCCGCC TGRGGAGTACGACCGCAAGGT TGAAACTCAAAGGAL D8O
. LLULEELLELETELEE R L LR fn
5bjct 859 AGCTAACGLATTAAGCAT TCLOLC TORGOALTACGALCGLAAGLDT TOARAL TCAAADDARA D18
Query 981 TToACGLGEGL OOl ACARGC OO T DOAGCATOTOGTT TAAT TCGAAQCARCGLOAADAAL 968
. CCLLULLELEDELELEEEEL L LTI
Sbjct 919 TTEACGLGELC IO ACARDTGGT CATGTGGTTTAATTC CAACGLOAAGAAL  9YE
Query 951  CTTACCAGGTCT TGACATCTTTTGATCACCTGAGAGATCAGGT TTCCCCT TCGGGGEIAA 1828
. CLLULLELEE L EE L L e L L L i
S5bjct 979 CTTACCAGOTCT TOACATCTTTTRATCACC TOAGAGATCAGGT TTCOLCT TCRGLGLIAA 1838
Query 1221 AATGACAGLTOOTOCATGGTTGTCOTCAGC TCOTOTCOTOAGATGTTGRGTTAAGTCLCG  1BER
. LLLLUELELELLEEE L e e e L i e i iy
Shjct 1839 AATGACAGGTGETGCATGGTTGTCGTCAGCTCOTGTCOTGAGATGTTGRGTTAAGTCCCG 1808
Query 1881 CAACGAGCGLAACCCTTATGACTAGTTGCCAGCATTTAGTTGGLCACTCTAGTAAGACTG 1148
. CCLUUELELEEELELE LT ELEEE T L L LT T
Shjct 1899 CAACGAGCGCAACCCTTATGACTAGT TGCCAGCATTTAGT TOGGLACTCTAGTAAGACTG 1158
Query 1141 CCOGTGACAAALCOOAGLAAGLTGOGOATOALGT CARAT -ATCATOGLLCCTTATGACL TG 1199
. CCLUDLLELELELELEEEEL L L e e ety LR
Shjct 1159 CCGGTGACAMACCGEAGGAAGETGGGEATGACGT CAMTCATCATGCCCCTTATGACCTG 1218
Query 1288 GGC 1282
Sbjct 1219 GGC 1221
C.20 Blast analysis and alignment results for k5-5 a
sequences producing significant alignments load ~ L ~  Show e
select all 100 sequences selscted Gengank Graphics Distance tree of results

Max | Toal CQuery E Far

Deseripfon Score Score Cover wvalue  Ident Aeesssion
Lactobacllus paracasei strain NBRC 15220 183 ribosomal RMA, partial sequence 2025 2025 100% 0.0 00.91% NR 1133371
Lactobacilus parscasei subsp. tolersns strain MBRC 15808 155 ribosomsl RMA, partis] sequence 2023 2023 100% 00 90.91% NR 0410541
Lactobaciius parscasei strain R094 183 ribosornal RMNA gene, partisl sequence 2023 2023 100% 00 90.91% NR 0253801
Lactobacilus parscasei strain ATCC 253302 1835 ribosomal RMA, partial sequence 2017 2017 100% 00 90.82% NR 1178471
Lzctobacius zeze strain RIA 423 188 ribosemal RMA, partizl ssquence 1973 1973 100% 00 90.08% NR 0371221
Lactobaciius casei strain MERC 15882 168 ribozomal RMA, partis| sequencs 1971 1971 100% 00 90.00%
Lzctobaciius casei subsp. casel ATCC 393 188 ribosomal RMA, partial sequence 1967 1967 100% 00 90.00%
Laatobacillus casei subsp. cassi ATCC 393 strain JOM 1134 185 ribosomal RMA,_partisl sequence 1960 1060 100% 0.0 0E8.23%
Laotobacllus rhamnosus strain MBRC 3426 165 ribosemal RMA parial sequence 1940 1040 100% 0.0 08.54%
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Lactobacillus paracasei strain NBRC 15889 165 ribosomal RNA, partial sequence
Sequence ID: MR 113337.1 Length: 1495 Number of Matches: 1

Range 1: 20 to 1126 GenBank Graphics lext Matr

Score Expect Tdentities Baps Stramd
2025 bits{1096) 0.0 1057/1098(99%) 0/1098{0%) Plus/Fluz
Query 1 TGCAAGTCEAACGAGTTCTCOTTRATGATCGGTAC TTOCACCOAGAT TCAACATGOAMAL (-]
) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIII
Sbjct 29 ToCAAG T EAACGAGTTCTCO T TRATGATCOAGTAL T TOLACCOAGAT TLAACATGOARAL By
Query 61 GAGTAACACGTGRGTAACCTGCLCT TAAGTOROGOATAACATTTGD 128
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct B9 GAGTAACACGTGRGTAACCTGCLCTTAAGTOROGOATAACATTTG: 148
Query 121  AAACAGATGCTAATACCGCATAGATCCAAGAACCGCATGOTTCTTROCTGAAAGATGGCD 188
. FCLETCLEEEL et e e et e e e e e el
Sbjct 149  AAACAGATGLTAATACCGLATAGATCCAAGAACCGCATGOTTCTTROCTOAAAGATOGLG 2BE
Query 181 TAAGCTATCGLT TTTGOATOOACCCOLGOCGTAT TAGCTAGTTROTGAGG TAACGOLTCA 248
) CCLETLEEELE LR e e e e r e e i et 1enend
Sbjct  Zed TARGCTATCGUT TTTOOATOOACCCGLGRCGTAT TAGC TAGTTROTOAGG TAANGOLTCA 268
Query 241 COAAGGLGATGATACGTAGCCGAAC TOAGAGGT TOATCOOCCACAT TGOGACTGAGACAC 309
. ECEELCLEEE R et e et e e e e e e neererenl
Sbjct 289 CLAAGGLOATGATACGTAGLLGAAL TOAGADG T TRATCOOLCACAT TOROACTGAGALAL 328
Query 3@l GGCCCAAACTCC TACGGLAGGLAGLAGT AGHGAATCT TCCACAATROALGLAAGTCTGAT 368
) CCLETELEEE L et et e et e b el
Sbjct 329 GGCCCAAACTCC TACGOLADGLAGLAGT AGLGAATCT TCCACAATROACGLAAGTCTGAT  3HE
Query 3&l GEAGCAACGLCOCGTGAG TEAAGAAGECTT TCOGO TCOTAMMACTCTGTTGT TOOAGAAG 428
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 389 GOAGCAACGLCOLOT0AL T AAGAAG TTCoOoTCoTARMACTCTGTTGT TORADAALD 448
Query 421  AATGGTCGGCAGAGTAACTGT TGTCGOCGT ACGGTATCCAACCAGAAAGCCACOGLTAA 488
) FCLETLEEE T e e e e e e e e e e
Sbjct 449  AATGATCGGCAGAGTAACTATTGTCGORCOTRACOGTATCCAACCAGAARGLCACGGLTAR SHE
Query 481 CTACGTOCCAGCAGLCGCGaTAATACGTAGL TG AAGCGT TATCCGGAT TTATTOGRGLG 548
. LLLETLEEE e e e e e e r e e e e el
Sbjct 59 CTACGTOLCAGCAGLCOLOnTAATACGTAGLT RO ALALGLGT TATCCOGAT TTATTORGLG 568

Query 541 GCGAGCGCAGG

CG6
IIIIIIIIIIIIIIIII
G

Sbjct 589 TannGl Aol L ADGL

ALGTCTGATG TOAARGL L]LE&L]TMEEITT.ITTTT sEa

TTTTTT
CIELELELTL LD E e e ety
ITrTri

o ALDTCTOATO TOAAMDLCC TOOOCT TAACLOADDAA 628

Query 681 GLOCATCO0AAAL TOOGARAL T TRAGTOLARAAGAGGACAGTORAAL TCLATOGTGTAGLG 568

Sbjct 629 GLATCOGAAN TOOOARALTT GUALAAGALGACAGTORAAL TCLATGTGTAGLG  BEE

Query BBl GTGAAATGCGTAGATATATGGAAGAACACCAGTGECGAMGGLGGLTGTCTRGTCTGTAAL 728
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Shjct 689 GTGAAATGCGTAGATATATGGAAGAACACCAGTGACGAMGGLGGLTGTCTRGTCTGTAAL 748
Query 721  TGACGLTGAGEC TCGAAAGCATGGGTAGCGAACAGGAT TAGATACCC TGGTAGTCCATGL  Ta@
) ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
sbict 749  TGACGLTGAGEC TCGAAAGLATGHGTAGCGAACARGAT TAGATACCC TGGTAGTCCATGL  BBE
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Query 781 COTAAACGATGAATGCTAGGTGTTGGAGGGTTTCCGLCCTTCAGTGLCGOAGC TAMCGEA B48
. RN nannanannann i Rninanan

Shbjct Ee9  CGTAAMCGATGAATGCTAGGTGTTGGAGGGTTTCCRLCCTTCAGTGLCGLAGC TAMGCA B6E

Query B4l  TTAMGCAT TCCGCCTGGGGAGTACGACCECAMGET TGAMAL TCAMGGAAT TGALGRGGE 989
) RN

Shbjct &9  TTAMGCATTCCGCCTGGOGAGTACGALCGCAAGGT TGARAC TCAMMGGAAT TGACGRGGE 928

Query 981 CCCGCACAAGCGGTGEAGCATGTGGTTTAATTCGAAGCAACGLGAMGAACCTTACCAGET 968
. FELLEEEETEEER P e v e e et e e v e et

Shbjct 929  CCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGT CCTTACCAGGT 988

Query 961 CTTGACATCTTTTGATCACCTGAGAGATCAGBGTTTCCCCTTCGGGRECAAATGACAGET 1828
) CELEECLETE Lt e e e e e e et L e en e Lttt

sbjct 989  CTTGACATCTTTTGATCACC TRAGAGATCAGGTTTCCCCTTLGGOGGCAMATGACAGGT LBds

Query 1821 GGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGT TGEET TAMGTCCOGLAACGAGLGL  1BER
. RN R nannnnannanaRniannm

Sbjct 1849 GGTGCATGAETTGTCGTCAGCTCGTGTCGTGAGATGTTGGGT TAAGTCCCGLAACGAGIGE 1188

Query 1881 AACCCTTATGACTAGTTG 1@98
) TELLELLETELELTran

Sbjct 1189 AACCCTTATGACTAGTTG 1126

C.21 Blast analysis and alignment results for k5-11

Sequences producing significant allgnments Download ™ Manage Columns *  show @
select all 100 sequences selscted GenBank Graphics Distance tree of results
Desarpécn sh:fe ;;:IE g:: u:..e |::1 fosession
Lactobacillus paracasei sirsin NBRC 15889 185 ribosomal RMA, partisl sequence 2071 2071 100% Q.0 90.58% NR 113337.1
Lactobacillus paracasei strain R094 185 ribesomal RMA gene, partial seguence 2071 2071 100% 0.0 90.58% NR 035880.1
Lactebacllus paracasei strain ATCC 25302 183 ribosomal BMA,_partial sequence 2060 2060 ©8% 0.0 90.58% NR 1179471
Lactobacius zess strain RIA 437 183 ribosomal A4 partisl sequence 2087 2067 100% 0.0 90.47% NRE 0371221
Lactobacilus casei sirain NBRC 15883 185 ribosomal RMA, partial sequence 2085 2085 100% 0.0 9047% MR 113
Lactobacilus thamnosus strain NERC 3425 165 ribesomal RMA, partial sequence 2065 2065 100% 0.0 9047% MR 11 3
Lactobacilus casei subsp. casel ATCC 303 185 ribosomal BMA partial sequance 2085 2065 100% 0.0 90.47% NR 0£1883.1
LactebacTus parscssei subsp. tolersns strain MERC 15803 165 ribosornsl RMA psrisl ssquence 2081 2061 100% 00 90.39% NR 0£10541
Lactohacillus casei subsp. casei ATCC 303 strain JOM 1134 188 rbosomal RMA, partis] sequence 2080 2060 100% 0.0 90.33% MR 1155341

Lactobaciius thamnosus strain JOM 1136 185 ribosomal RMA, partial sequence 2052 2052 100% 0.0 90.21% NR 0434081
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Lactobacillus paracasei strain NBRC 15882 165 ribosomal RNA, partial sequence

Sequence ID: MR 113337.1 Length: 1495 Number of Matches: 1

Range 1: 328 to 1464 GenBank Graphics

Score Expect Tdentities Gaps

2071 bits{1121) 0.0 1132/1137[99%) 1/1137{0%] Plus/Minus

Query 1 GOCTCOCTCOCT ARA-GOGT TACGCCACCOOCTTCOGGTGT TACAAACTCTC 59
) [LLLTETETETLT IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Sbjct 1464 GOGCTCOGCTCCCTAAAAGOGTTACGCCACCGGLTTCOGOTAT TACAAMCTCTC 1485

Query 68 GLOGTATaTACAAGGLLCOGOLAACGTAT TCACCOLOOLGTACTGA 119
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Sbjct 1484 GOTGTGTACAARGLLCGLLAACGTAT TCACCOLGLCGTACT 1345

Query 128 TAGCOATTCCRACTTCOTOTAGGCOAG T TOCAGCC TACAGTICC T 179
) LLLCTETETE e et e e e e e nl

Sbjct 1344 TAGCGATTCCGACTTCOTOTAGGUGAGT TGCAGCC TACAGTCCGQAALCT 1285

Query 188 AGCT TEACCT Lo TCTCOCAAC TCOT TG TACCATCCATTGT 239
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Sbjct 1284 AGCT TEACCT LG TCTCGLAAC TCL T TG TACCATCCATTGT 1225

Query 244 GTAGCCCAGGTCATAAGOOGLATGATGAT TTOACGTCATCOCCACCT TCCTOCGRTTTGT 299
) CCLUEEE T e e e e e e e e e e e reretn

Sbjct 1224 GTAGCCCAGGTCATAAGGGGCATRATGATTTGACGTCATCOCCACCTTCOTCCGRTTTGT 1165

Query 3@ CACCOOLAGTCT TACTAGAGTGLCCAACTAAATOL TORCAMC TAGTCAT 159
. CCLCTERELE Lt e e e e e per e ey

Sbjct 1164 CACCOGLAGTCT TACTAGAGTGCCCAACTAAATGL TGRCAACTAGTCATARGEG 1185

Query 3&d TCOTTOCOEEAC T TAACCCAACATCTCACGACACGAGC TGACGACAACCATGCACCACCT 419
. CLLCTERELE et et e e e e e r et il

Sbjct 1184 TOGTTOCGLGACTTAACCCAACATCTCACGACACGAGCTGACGACAACCATGCACCACCT 1845

Query 428 GTCATTTTECCCCCOARGGEOARACCTOATCTCTCAGG TGA TCAMAAGATGTC L]
) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Sbjct 1844 GTCATTTTRCCCCCGAAGGLRGAAACC TEATCTCTCAGGTGATCARAAGATGTCAAGAL 985

Query 428 GOTAAGET TCTTCGCGT TGCT TCQAAT TAAACCACATC TCCACCGLT 539
. CCLCTEEELE DR e e e e r e e et trtr]

Sbjct 984 GOTAAGGT TCTTCOCGT TOCT TCoRAAT TAAACCACATEC TOCACCGLTT 925

Query 544 COTCAATTCCTT TGAGT T TCAACCTTOCOGTCaTACT CCCCAGELIRG G 599
) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII l

Sbjct 924 COTCAATTCCTT TRAGTT TCAACC TTRLoGTCaTACTCLCCAGOL ehAAT Bl G Bab

Query oed TTAGCT el GaCA L TEAAGGEL GoARACCC TCCAACACCTAGLAT TCATCGTT TACG T &59
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII |

S5bjct  Eed TTAGLT GO CAC TOAADGOLCOARACCC TCCAACACCTAGLATTCATCOTTTACGOCAT  BES

Query 6&&d GEACTACCAGRG TATCTAATCCTGTTCGL TACCCATOO T TTOGAGLC TCAGLGT CA F19
. CCOCTEREEELE e e e e ee et e e e e ey

Sbjct Eed GOACTACCAGRG TATCTAATCCTG T TCGC TACCCATOC T T TCGAGCL TCAGCG T CA Fas

Query 728 CAGACCAGACAGCCGCCT TOOCCACTOGTGTTCTTCCATATATC TACGCA A
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Sbjct 744 AOACCAGACAGCCGLCT TCOLCACTOOTGTTCTTCCATATATCTACGLA B
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Query fdd ACACATOOAGT TCCACTOGTCOTCT TCTGLACTCAAGT TTCLCAGT TTCCQATELGLTTCL B39
) LCLLTEETE L et e e e e et e
5bjct 634 ACACATEOAGT TCCACTGTCCTCTTCTGCACTCAAGT TTCCCAGT TTCCOATGLGCTTCD 625
Query Bd44 TCOGT TAAGCCGAGGGCT T TCACATCAGAC T TARAAAAC CGCCTEGLGLTCGCTTTACGCC  BYS
. CLLLLDELEL R et et e et e e e el
5bjct 624 TCOGT TAAGCCGARGRIT TTCACATCAGAC T TARAAAA COQUCC TG TCRIT T TACGCC 565
Query 924 CAATASATCCEOATAACGL T TRl CALCTACGTAT TACCOLGRL TQLTGOLALGTAGTTAG 959
) CCLLTELETE T e et e e e e e
S5bjct Ged CanTasATCoooATAALGL T T CALCTACGTAT TACCGLGRL TOLTGRLALGTAGTTAG SES
Query 49&d COGToaCTTTCTGGT TORATACCGTCACGLCOGCAACAGT TACTCTGCCOACCATTCTTC 16819
) CLLLRELEEC R e e e et Lo e r et e
S5bjct G4 COGTEGCTTTCTGGT TGEATACCGTCACGLCGACAACAGT TACTCTOCCGACCATTCTTC 445
Query 1828 TCCAACAACAGAGTTTTACGACCCGAAAGCCTTCT TCACTCAGRIGOIGT TGCTCCATCA 1879
. CLLVREELE LT E e e et e e e p e ey e neen el
Sbjct 444 ToCAACAACAGAGTTT TACGACCCOAAAGLCTTCT TCACTCALGLGOLGT TGLTCCATCA 385
Query 1ege AACTTOCGTCCATTGTOAAGAT TCCCTACTOCTGLCTLCLGTAGGAATTTGOGLLG 1136
) COLLCTELET LT E e e et et n ey et
S5bjct 384 GACTTGCOTCCAT TOTORAAGAT TCCCTACTACTGCCTCCCQTAGRAGTTTGRGCCG 348
C.22 Blast analysis and alignment results for k5-14
Sequences producing significant allgnments load ~ age Col > Show (2]
select all 200 sequences selscred GenBank Graphlcs Distance tree of results
. Max | Towsl Query E Per. -
Descripton Score | Score | Cover | walue | Ident fEEEED
Lactobacillus paracsssi sirain WBRC 15839 183 ribosomal RMNA, partisl sequence 2050 2050 100% 0.0 98.30% MR 1133371
Lactobacillus paracasei strain R094 185 ribesomal RMA gene, partial seguence 2050 2050 100% 0.0 9930% NR 0253801
Lactobacillus paracassi strain ATCC 25302 185 ribesomal RNA. partial sequence 2048 2048 BB 00 99.29% MNR 1172871
Lsctobaciius zess strain RIA 482 185 ribosomsl RNA, gartis! ssquencs. 2047 2047 100% 0.0 90.21% NR 0371221
Lactobacillus casei strain NERC 15883 165 ribozomsl RMA, partisl sequencs 2045 2045 100% 00 9921% MNE 1133331
Lsctobacilus hamnosus strain NERC 3425 155 ribosoms] RNA _panisl sequence 2045 2045 100% 0.0 98.21% NR 1133321
l.ZE8e OGO T GO CT AT A A T A AT O A GAGTTTTGGT CRATG AR GETGCTT GCATCG
1.paracasei GOGGCGTGOCT AAT ACATGCAAGT CGAACGAGTTCTCGT JeA TGATC GG TGC TT GCACCS
ks-14 —GGCICGCICCCTAAAGGGITAEGCCACCGGCITCGGG 'J.TACAAACICTCATGE'IG
kkk kk kk ok kk k ok £ k k ok kk
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Lactobacillus zeae strain RIA 482 165 ribosomal RNA, partial sequence

Sequence ID: NR 037122.1 Length: 1522 MWumber of Matches: 1

Range 1: 330 to 1464 GenBank Graphics

Stramd
Plus/Mimus

2/1135[0%)

Gaps

1126/1133(99%)

Identities

Expect
0.0

2047 bits(1108)

Score

GOCTCGLTCOCTAAL-GOGT TALGLCAL LG TTCOGGTGT TACAAAC TCTCATEOTGTG 59

1

Query

CTOGCTCCCTAALAGEGT TACGCLACCGLL TTCOGaTOT TACAAAC TCTCATROTGTG 1485

Gl

1464

Sbjct

119

ACAAGGLICORGAACGTAT TCACCOUGGLG TEUTGATCCGL AT TAL

ACOGOLOGTOTO TACARGOLLCOOLAALGTAT TCACCOLGGLOTOC TGATCLOLGAT TAL

e

Query
Sbjct

1345

1484

1739

TAGCGATTCCGACT TCOTOTAGGLGAGT TOLAGC CTACAGT COGAAL TOAGAATGOGCTTT

128

Query
Sbjct

1344 TAGCOATTCCGACTTCOTGTAGGCGAGT TGLAGLC TACAGT CCGAAL TRAGAATELCTTT  12ES

239
CCOCTERELEL T AL e e e e e v e enerntitl

1284 AAGAGATTAGLTTOACCTOOCoOTCTCGLAACTCOTTOTACCATCCAT TGTAGCACGTGT 12235

134 ALCAOATTAGLT TEALC TLOC oG TCTLGLAAl TLOT M TACCATLCAT TOTAGCALGTGI

QUEFy
Sbjct

299

GTAGCCCAGGTCATAAGLGL AT CATGAT T TOACGTCAT COCCACCTTCOTLCGGTTTRT

1224 GTAGCCCAGGTCATAAGOOOCATOATGAT TTGACGTCATCOCCACCTTOLTCCGGTTIGT 1165

248

Query

Sbjct

159

CACCOOLAnTCT TACTAGAL Tl CCAAl TAAATOL TGOLAACTAGTCATAAGDOT TRLGL

1164 CACCOGLAGTCTTACTAGAGTGLCCAAL TRAATOGCTGOUAAC TAGTCATAAGOOT TRLGE 1185

Rl

Query
Sbjct

419

1184 TCoTToCGoGACTTAACCCAACATCTCACGACAL CAGLTGACGAC AN CATGCACCACCT 1845

TCOTTOCGROAC TTAAC CCAACATCTCALGACAL GAGL THACGACAC CATGLACTALCT

3ad

QUEF?
Sbjct

479

GTCATTT T CGAAGOOGARACC TGATCTCTCAGG T GATCARAAGATGT CAAGALTCT
4 GTCATTTTGCCCCCaAAGGnOARACC TOATCTCTCAGOTOATCARAAGATOTCAAGALCT 9485

Query 428

1B,

Sbjct

539

GOTAAGGT TCTTCOLGT TGC T TCGAAT TARAL CACATGL TCCACC LI T TGTGLGELOCCC

Query 438

LLTTEELTTTL
GGTAAGET TCTTCGCGT TR T TCGAAT TAMACCACATGC TCCACCGL T TATGCGRELLCT 925

g4

Sbjct

COTCAATTCCTTTOAGT TTCAACCTTOLOG TCOTACTCLCCAGOLOOAATGL TTAATGLG 559

S48

Query

GAGTTTCAACCTTOLOGTLGTACTCLCCAGLLGOAATOLTTARTGO:D  BRS

LTI
TICCTTT

(111
Cal

111
CaT

shjct 924

559

TaAALGEleaARNCCCTOCAC AL CTAGLATTCATCGT T TACGGLAT

[LTELTLE
CTGLEG

TTAGLTGLGOCAC TEAAGGE L OAAAC L TOLARC AL CTAGLATTCATOGT TTACGLLAT

b

QUEF?
Sbjct

EBS

cac

Bed

TACCAGGOTATCTAATCCTOT TCOQU TACCCATGLTT TCOAQUL TCAGLGTCAGTTA 745

Bed GOACTACCAGGOTATCTAATCCTGT TCGL TACCCATGCT T TCOAGCI TCAGLGTCAGTTA 719

Query

B GoaAL

Sbjct

Fra

CAGACCAGA AL LG TTOGLCACTOGTGTTCT TCCATATATCTACGCAT T TCACCGLT

728

Query

=1

CanalCAnACAG LG T TOoLCACTOGTGT TCT TCLATATATCTACGLAT T TCALLGCT

fa4

5bjct
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Query Fga ACACATEOAGT TCCACTGTCCTCTTCTGCACTCAAGT TTCLCAGT TTCCGATELGLTTCC B39
. [CCCELLEL R L e e ettt e r e et e eyt
Sbjct bE4 ACACATGEAGT TCCACTOTCCTCT TETGLACTCAAGT TTCLCAGT TTCCGATOLGLTTCL 625
Query Bdd TCOGTTAAGLCGAGGOC T TTCACATCAGAC T TARAAAAT CQUCTOLGLTCGCTTTACGLL  BYS
. CLCCETELEEE T e e et e e e e e eyttt
Sbjct 624 TCOGTTAAGLCGAGGECT TTCACATCAGALT TARAAAAT CGCCTOLGLTCGCTTTACGLL 565
Query 924 AATARATCCOATAACGC T TOCCACCTACGTAT TACCOCGRI TOLTORCACGTAGT TAG 959
) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct Sed AATARATCLEOATAACOL T TOCCALCTACGTAT TACCOLGRI TQLTOOLACGTAGTTAG 5B
Query o4 CCGTEaCTTTCTGaT TOoATACCGTLACGLOGRLAACAGT TACTCTGLCGALCATTCTTC  Lels
. CLCCREELREe e e e b ettt EEree b ey e erenntitl
Sbjct Sed CCGTEaCTTTCTGaT TaATACCGTCACGLCGACAACAGTTACTCTGLCGACCATTCTTC 445
Query 1828 TCCAACAACAGAGTTTTACAACCCCAAAGICTTCT TCACTCAGRIGOIGT TGCTCCATCA 1879
. CLCCRLTELEEEpee e teer PR en ey TR EL eyl
Sbjct 444 ToCanl Al AGRGT T TITAlGACLCoAAAnlCT TOT TLALTCALGLOOLGT TGLTOLATCA 285
Query 1882 AACTTOLGTCCATTOTOOAAGARTCCCTACTOLTGLCTCCLGTAGOA-TTTGOGE 1133
. CULLUEELELELELTEn ety PRLEE E eee e erent 1intn
Sbjct 384 GACTTOCATCCAT TOTOoAAGAT TCLCTACTAL TGO TECCGT GTTTGRGC 338
C.23 Blast analysis and alignment results for k5-15
Sequences producing significant alignments Download Manage Columns ~  show (2]
select all 200 ssquences selected GenBank Graphics  Distance tree of results
. Max | Total | Query| E Per. )
Descripion Score | Score | Cower | value | Ildent fszssion
Lactobacillus paracasai sirain MBRC 15820 133 ribosomal RMA,_partial sequence 2202 2202 100% 0.0 9B.79% NR 113337.1
Lactobaciius paracasei strain 094 185 ribosomal RMA gene, partial sequence 2200 2200 100% 0.0 95.79% MNR 025380.1
Lactobacillus paracasei strain ATCC 25302 185 ribosomal RNA, partial sequence 2108 21898 90t 00 O8.79% NR 1179871
Lactobacilus zeae strain RIA 482 185 ribosomal RMA, partial sequencs 2196 2196 100% 00 9871% NR 0371231
Lactobacillus casei sirain NERC 15883 18E ribosomal RMA, partial sequence 2194 2194 100% 00 9871% NE 1133331
Lactobaciius casei subsp. cas=i ATCC 393 185 ribosomal RNA, partial sequence 2194 2184 100% 0.0 98.71% MR 0413031
Lactobacilus casei subsp. cas=i ATCC 333 strain JOM 1134 185 rbosomal RNA,_partisl sequence 2183 21893 100% 0.0 9B.71% MR 1155341
Lactobaciius paracassi subsp. tolerans strain NERC 15205 155 ribosoma| RMA, parisl ssquence 2181 2181 100% 00 9883% NR 0410541
Lactobacilus rhamnosus strain NBRC 3425 155 ribosomal RMA,_partisl sequence 2188 2188 100% 00 95483% MR 1133321
k5-15% TTACGLC-ACCGGLT COBGT-GTTACASLCTCTCA-TGG- - THTGACGEGLGETGT -G TACAAGGCCCGGGAACGTATT
1.zeae GLAAGTCGARCGAGTTTLGTCG- -ATGACEGTGLTTGCATCG  GA- - TTCAACTTAAAACGAGTGGLGLACGEETGAG
l.paracasei GLAMGTCGAACGAGTT TEGTTGE- -ATGATCEGTGE TTECACCOAGA- -TTCAMCATE. AACGAGTGECGEACGAETEAG
= ow W m EE wE ww oW W ® oW o = mw = b EEREE EE £
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Lactobacillus zeae strain RIA 482 165 ribosomal RNA, partial sequence
Sequence ID: NR 037122.1 Length: 1522 Number of Matches: 1

Range 1: 228 to 1464 GenBank Gesghics dext

Score Expect Ldbertities zaps Strand
2196 bits{1189) 0.0 1221/1237(99%) 2/1237(0%) Plus/Minus
Query 1 GGLTCQCTCCCT GoLTTCOGGETGT TAC TCATGGTG -]

. IIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIII
Sbjct 1484 GGCTCGCTCCCTAAAAGGGT TACGCCACCGGCTTCOGATGT TACAMMC TCTCATRGETGT 1485
Query 61 AL GG TG TG TACAADG L CCOLoAACGTAT TCACCOLOGLOTOC TOATCLOLGATTAL 129

. CCLLLETETELE L e e e L L ey ee e eeieneirn
Sbjct 1484 ACGGGLGGTGTAGTACAAGGLCCGGGAACGTAT TCACCOOOGLGTOGLTGATCCGLGATTAL 1345
Query 121 TAGCGATTCCoACTTCOTGTAGGC GAGT TOLAGCC TACAGTCLmAAL TOM reacTTT 188

. CLLLLELETELE e e e i ver et e e ieneiry]
Sbjct 1344 TAGCGATTCCGACTTCOTGTAGGLGAGT TGCAGLCTACAGTCCmAAL T FeaCTTT 1285
Query 181 ALGAGATTAGCT TGACCTC TCTCGLAACTCGTTOGTACCATCCATTGTAGCACGTGT 244

. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 1284 AAGAGATTAGCT TGACCTC TCTCGLAACTCGTTOTACCATCCATTOTAGCACGTGT 1235
Query 241 GTAGLCCAGOTCATAAGOGOLATOATGATT TEACGTCATCLCCACCT TCOTCCGGTTTGT 3689

. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 1224 GTAGCCCAGGTCATAAGOGGCATGATGATT TGACGTCATCCCCACCTTCOTOCGRTTTAT 11685
Query 381 CAlCoLCAnTCT TACTAGAGTOLCCAAL TAARTOL TGOLAAC TAGTCATAAGOGTTOLGL 3608

. CEDLRETELELE EL e peenntttl IIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 1164 CACCOGCAGTCTTACTAGAGTGCCCAACTRAATOGCTGOCAACTAGTCATAAGOGTT 1185
Query 36l TCOTTOCOOOAC T TAACCCAACATC TCACGALACGAGL TEACGACAACCATOGLACCACLT 428

. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbict 1184 TOGTTGCOLGACT TAACCCAACATCTCACGACACGAGE TRACGACAACCATGCACCALCL 1845
Query 421 GTCATTTTeCCCCCGAALGRGARACCTGATCTCTCAGOTGATCAAAAGATGT CAAGACCT 484

. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIII
Sbhjct 1844 GTCATTTTGCOCCCGAAGGGGAMACCTGATCTCTCAGETGATCAMMAGATGTCAAGALCT 985
Query 481 GOTAAGGT TCTTCOLGT TOC T TCQAAT TAAACCACATOL TCCACCOC TTOTOCGROOLCC  Sda

. LCDLRLLET R e e e e i re e e ey eee e tinienetrnl
Sbjct 984 GOTAAGGT TCTTCOCGTTGC T TCoALT TALACCACATOLTCCACCOL TTATOLGROCLCL 925
Query 541 COTCAATTCCTT TOAGT T TCAACCTTOLOG TCOGTALTCCCT TGCTTAATGCG  &BE

. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 924 COTCAATTCCTT TOAGT T TCAACCTTELOG TCGTALTCCCT TGCTTAATGCG  Boo
Query 681 TTAGLTGLOCAL TGAADGLLOOAALCCCTCLAACACLTAGLATTCATCGTTTACGLLAT  &08

. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct Bed TTAGLTGLOCAL TGAADGLIOOARAMCCCTCLAACACCTAGLATTCATCGTTTACGLLAT BB
Query 6&l GOACTACCAGOG TATCTARTLCTGT TCGCTACCCATGLTTTCGAGCC TCAGLGTCAGTTA  Fia

. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct BEedq ACCAGROTATCTAATCCTOT TCOLTACCCATOOTTTCOAGLO TCAGCGTCAGTTA 745
Query F21 CAGACAOCCOCCTTCOLCACTEGOTGTTCTTCCATATATCTACGCATTTCACCGLT  FEa

. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct Ta4 AGACCAGACAGCCGLCTTCQLCACTOGTGTTCTTCCATATATCTACGCATTTCACCGET 685
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Query Ffdl ACACATEOAGTTCCACTGTCCTCT TCTGCACTCAAGT TTCCCAGT TTCCQATGLGCTTCL
. CELLTETETE LR T En e e e n ey bt e e e et e et
5bjct B34 ACACATEGAGTTCCACTGTCCTCT TCTGCACTCAAGT TTCCCAGT TTCCGATGLGCTTCC
Query B4l TCOGT TAAGC CGAGGRCT TTCACATCAGAL T TAAARAAACCOGLC TOCGLTCRIT TTACGLL
. CCLCIETEREEE T e e e e et e et e e el
S5bjct 624 TCOGTTAAGCCGAGGOCT TTCACATCAGA TTARAAMA COCCTGLGCTCGCT TTACGLL
Query 4981 CaaTAAATCCOoATAACGL TTOLCACTACGTAT TACCGCGOL TOCTGRCACGTAGTTAG
. CELDVETRTEEE T et e e et e p e e et e e et
5bjct Ged CaATARATCCLOATAAC G T CACTACGTAT TACCGLGRI TG TGRIACGTAGTTAG
Query 98l CLGToGCTTTCTGOT Toba TACLE ALl CoAtAA AT TALTCTGLCGACCATTCT T
. CELLRETET e T et e e b e e e et e e ey
S5bjct  Ged CLGToaCTTTOTGGT TaaATACCGTCLALGL CoACAACAGT TALTCTOLLGACCATTCTTC
Query 1821 TCCAACAACAGAGTTTTACGACCCGAAAGCCTTCT TCACTCAGOLEOIGT TGCTCCATCA
. CELERETETEEE T Ent e et vt e e r et gy e e
5bjct 444 TCCAACAACAGAGTTT TACGACCCaAARGICT TCT TCAC TCAL GGG TGC TCCATCA
Query L1881 GACTTGCGTCCATTGTGOAAGAT TCCCTACTOCTGLCTCCCCTAAGAATT TGOGLLGTGT
. CELDRETETE R et e e et e i e r et nt e e At
S5bjct 384 GACTTGCOTCCAT TaTOAAGAT TCLCTAC TOLTOCC TECCGTAGLAGT T TGRGCCaT ol
Queary 1141 CTCAGTCCCAATGTGRICGATCAACCTCTCAAT TCOGCTACATATCATCICCT TRGTOAA
. LEUPRETETEEE T Ent e e ey tee e CEnr e er ey Eeeern ety
5bjct 324 CTCAGTCCCAATGTGRICGAT CAACCTCTCAGT TG TACGTATCATCGLOT o0 THAD

e T T T
5bjct 24 COGTTACCTCACCAAC TAGCTAAT ACGLCGOGROTCOL 228
C.24 Blast analysis and alignment results for k6-1
Sequences producing significant allgnments Download ~

select all 100 sequences selected

Baa
825
g8
565
a8
B
1Bz
445
1BER
385
114
325
1288

283

Manage Columns ~  Show 2]

GenBank Graphlics  Distance tree of results

Deseription

Lactobacius paracassi subsp. tolerans strain MERC 15805 165 ribosoms| RMA, parisl sequencs

Lactobacillus paracasei strain MBRC 15889 185 ribosomal RMNA, partisl sequence

Lactobacillus paracassi strain ATCC 25302 133 ribosomal RMA, partial sequence

Lactobacius zese strain RIA 482 158 ribosomsl RMA partis! sequence
Lactobacillus casei strain NBRC 15883 155 ribosomal RMA, partis] sequence

Lactobacilus casei subsp. casel ATCC 393 133 ribosomal RMA,_partial sequence

Lactobacilus casei subsp. casel ATCC 393 strsin JOM 1134 155 ribosomal RNA, partisl sequence

NN R N<N<H<N<N<]

Lactobacillus rhamnosus strain NBRC 3425 165 ribosomal RMA, partial sequence
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Max | Total Cuwery E Per.
Score | Score Cover walue | ldent

Arcession
1832 1832 88% 0.0 97.08% NE 0410541
1832 1832 90% 0.0 OF.08% NE 023380.1
1820 1820 2% 0.0 06.97% MR 1133371
1815 1818 ©8% 0.0 9579% NE 1178871
1772 1772 88% 0.0 9608% NBE 0371221
1770 1770 E2% 0.0 05.98% NR 1133339
1766 1766 ©8% 0.0 9587% NR 0418831
1758 17308 98% 0.0 9578% NE 1155341

1738 1738 ®0% 0.0 95.50% KR 1133321



Lactobacillus paracasei subsp. tolerans strain NBRC 15906 165 ribosomal RMA, partial s
Sequence I NR_041054.1 Length: 1497 MNumber of Matches: 1
See 1 more title(s) v

Range 1: 27 to 1115 GenBank Graphics lext Mate Pre

Score Expect Ideritities Gaps Stramnd
1832 bits{95%2) 0.0 1058/10%0(97%) 4/1050{0%:) Plus/Plus
Query 1 CATGLAAGTCAACGAGTTCTCOT TOATGATCROTOLT TRCACCOAGAT TCAACATOAA BB
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Sbjct 27 CATGLAAGTCGAACGAGTTCTCOT TOATGATCRGTRCT TRCACCGAGAT TCAACAT G Eb
Query bB1 GAGTOOCOOACGOGTOAG TAACACGTGOGTAACC TGCCCT TAAG TGGOGGAT ATTT 128
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Sbjct BV GOCOGACGOOTOAG TAACACGTGOGTAACC TGCCCT TAAGTGOOGOATAACATTT 146
Query 121 GOAAACAGAT GCTAATACCOCATAGATCCAAGAAC COCATGGT TCTTGRL ATGE 188
) ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
S5bjct 147 GOAMACAGATGCTAATACCGCATAGATCCAAGAAC COGCATGGTTCTTGOC TGARAGATGE 2686
Query 181 COTAAGCTATCGLTTTTGGAT GGACCCGLGOCaTAT TAGCTAGT TGO TGAGGTAATGGLT 248
. CCLCTELEEE e ettt e e e eyt
Sbjct 287 CoTAAGCTATCGCTTT TOOAT GoACCCOrGnCaTAT TAGCTAGT TCOTOARGTAATRGCLT 266
Query 241 CAAGOLOATOATACOTAGULGAAL TOAGAGOT TOATCGRLCACATTGROAL TOAGAL 369
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
S5bjct 267 ACCAAGGLOATGATALGTAGCLCAAC TOARALG T TOATCGRLCACAT TGRGACTRAGAL 326
Query 381  ACGGLCCAAACTCCTACGOGAGGCAGCAGTAGEGAATCT TCCACAAT GOACGCAAGTCTG 368
. CLLCTLLEEE et e e e et erepegnl
Sbjct 327 ACGGCCCARAACTCCTACGOGAGGCAGCAGTAGHGAATCT TCCACAATOOACGCAAGTCTG  3HE
Query 361  ATOGGAGCAACGCLGLOTGAGT GAAGAAGLITTTLGLOTCGT ARAACTCTGTTGT TORARA 428
) ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
S5bjct 387 ATOGAGLAACGCCGC T EAAGAAG TCROGTCOTAMMACTCTGTTGTTORAGA 4458
Query 421  AGAATOGTCOOCAGAGTAACTGT TOLCOOCOTRACGOTATCCAACCAGAAAGLCACGOLT 488
) LCRCTCLEEELE Tt et e e e et
Sbjct 447  AGAATGGTCGRCAGAGTAACTGTTOGTCOOCGTRACGGTATCCAACCAGAAAGCCACGGLET SBE
Query 481  AACTACGTGLCAGCAGLCOCOGTAATACGTAGLTGOCAAGLGT TATCLOQATTTATTOGD 548
. CLLCTLLEEE R E et e e L e e e e n e eyeegnl
5bjct SBT7  AACTACGTOCCAGCARCCOLGGTAATACGTAGLTGOCAAGCGT TATCCOGATTTATTGRG S66
Query 541 AAAGC A CGCARGCOET TTT TTAAGTCTRATOTGAAAGLCCTCGOL T TAACCOAGD  E0E
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
5bjct 567 GTAAAGCOAGCOCARGCOET TTT T TAAGT CTRATOTOAAAGLCCTCORL T TAACC GAGG 626
Query 681 ATCOGAAACTOEOARALT TGAGTGLALAAGAAGACAGTORAACTCCATGTGTAG  &608
) ||||||||||||||||||||||||||||||||||||| CILLELELETETEREneane
S5bjct  B27 ATCOEAAACTGOGARALCT TOCAGAAGAGGACAGTOLAACTCCATGTGTAG  &EE
Query 661 COGTOAAATGCGTAGATATAT GOAAGAACACCAGTOOCOAMAGCOGGL TGTCTAGTCTGTA  F28
) LCLCTETEEE L LT it e ettt ||||||||||||||||||
S5bjct 887 COLToAAATGLGTAGATATAT GOAAGAACACCAGTOOCOAAGGLGEL TGTCTOGTCTGTA 748
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Query 721  ACTGACGCTGAGGCTCGAAAGCATGGGTAGCGAACAGGATTAGATACCCTGGTAGTCCAT  78a
) RN

shjct 747  ACTGACGLTGAGGCTCGAMMGCATGGGTAGLGAAC AGEATTAGATACCCTRGTAGTCCAT 886

Query 781 GCCGTAAACGATGAATGETAGGTGTTGGAGGGTTTCCGCCCTTCAATGCCGCAGCTANG 848
) CLLCREEELEE LT e e e e e e e et FRELrenenntin

Shjct 687  GLCGTAAMGATGAATGCTAGGTGTTGGAGRGTTTCCALCCTTCAGTGLCRCAGLTAMG 866

Query 841  CATTAMGCATTCCGCCTGGRGAGTACGACCGCCAGGT TGAAAL TCABAGGAATTGACGGE 98
) CLLCRERRTEEE LR LR |||||||||||||||||||||||||||

shjct 887  CATTAAGCATTCCGLCTGRGGGAGTACGACCGCAMGGT TGAAAC TCAMMGGAATTGACGEE 926

Query 981 GGLCCCCACAACCGGTGGAGCATGTGGTTTAATTC-AAGCAACCCOAGAMACCTTACCAG 950
) CLLCD TELEE TELEERE e et ey Lo e (i

Shjct 927  GGECCCGCACAAGCGGETGRAGCATETGGTTTAATTCGAAGCAACGLGAMGAACCTTACCAG 985

Query 988  GGCTTGACTTCTTTTGATCACCTGAMAMATCAGGTTTCCCCTTCGRGGGLALALTGAL ? 1619
) LT R et e e e e e et

shjct 987  GICTTGACATCTTTTGATCACCTEAGAGATCAGGTTTCCOCTTCGOGGGCAMANTGACAG 1846

Query 1@28 $g$fgftﬁ1ﬁh1IhILL1LLALL{LLhIL COGEAAAT - TTGGGTTAATTCCCCCACCANG 1878
. COLEVERELE 00 L0 U Lo T RN e e 111l

Shjct 1847 GTGGTGCATGETTGTCGTCAGCTCGTGTC -GTGAGATGTTGGGTTAMGTCCCGCAMGAG 1185

Query 1879 -GLAACCCTT  1BEY

Sbjct 1188 CGCAACCCTT 1115

C.25 Blast analysis and alignment results for k6-3a

Sequences producing significant alignments Download ~  Manage Columns ~  Show @
select all 100 sequences selscred GenBank Graphics Distance tree of results
P Score | S Corr vt | i | 25"
1766 1766 100% 0.0 g3 NR 0421111
1766 1766 100% 0.0 113261.1
1766 1766 100% Q.0 117051.1
1760 1760 100% 0.0 £ 1137181
Lactobacillus helveticus DSM 2007: ICC 1.1877 165 ribosomal RMA, partial sequence 1760 1760 100% 0.0 % MR _117080.1
Lactobacillus. hefveticus DSM 2007: CC 1.1877 165 ribosomal RMA, partial sequence 1760 1760 100% Q.0 % NR 042430.1
Lactobacillus scidophius strain NBRC 13851 165 ribosomal RMA, partis) 1716 1716 100% 0.0 NR 1138381
Lactobacillus scidophilus strain WPI 5032 185 ribosomal RMNA, partial sequence 1716 1716 100% Q.0 NR_117082.1
l.helvat AT R A T eI TTT T T TeAGT GrAGA R A G CACT LR ATTCCAT T G TAGCGET
ko-3a AT ORI TTTTCT T eAGT GCAGARGAGERGAGT AR TTCCAT ST GTAGCGET
1l.gallinarium CATCGGARACTGTTTTTCTTGAGTGCAGAAGAGGAGAGTGGARCTCCATGTGTAGCGGTG
AEEEEEEEEEEXEEELEELNERELEEELNEELELAEEEEENEEEEEAEEEL Kk hkhkkkhhkhkhkkhkkkXk
L.hevat AT CTAGATATA T GEALGR AT OO AT RO CARGEOGACT CTCTGETCTGCRACTGR
keg-3a R TGO TAGATATAT AL GA L A AT RO CARGECCACTCTCTGETCTGCALRCTGR
1l.gallinarium GRATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCGGCTCTCTGETCTGCARCTGE

AEEEEEEEEEELEEE L hkkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkhkhkhkhkkt KEhkkhkkbbhkbbbbhkhkbbik
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Lactobacillus helveticus strain MBRC 15019 165 ribosomal RMA, partial sequence
Sequence ID: NR 113719.1 Length: 1487 MNumber of Matches: 1

Range 1: 28 to 1181 GenB8ank Grapghics lext Mate

Seore Expect Identities Gaps Stramd
2080 bits(1126) 0.0 1145/1154[95%) 1/1134{0%) Flus/Plus
Query 1 TOCAAG T AL GAGLAGAALCAGCAGATT TACT TCGOTAM TOALGL THGHGAT LY (-]
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct Z8 CAAGTCOAGT GAGCAGAACCAGCAGATT TACT TOG0 TAS TOACGL ToGROAL Lo BY
Query 61 GOCGLATORG TOAGTAMCACG TOLOOAACC TOLCCCATAGTCTAGDATACCACT TODMAAR 120
. CLLUCLETTE L LD LT LR EEEL L e EEERLEEETE i n
Shjct B2 GOCGLATGRO TOAGTAMCACG TOLOOAACC TOLLCCATAGTCTOORATACCACT TODAAAR 147
Query 121 CAGGTGLTAATACCGOATAATARAGCAGAT COLATOATCAGCT TATAAALGDGCOLLGTAA 18D
. IIIIIIIIIIIIIIIIIIII AEELLLLEEEEEE L L DL LT LT
5bjct 148 CAGGTGLTAATACCGOATAAGAMADCAGAT COLATOATCAGLT TATAAARDOLOLLOTAR 2B
Query 181 100ATGOCCCCGUOGTGCAT TAGL TAD ARGOTAACGOLTTALCA 248

CGLTATGG TTGETAMGGTAACG
|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
CGLTATGG TTGETAAGGTAACG

Sbjct  Zes 1GGATGOCCCCOC OO TGOAT TAGL TAG AACOTAACGOLTTACCA  2oF

Quary 241  AGGCAATGATGCATAGCCGAGTTGAGAGAC TGAMCGGCCACAT TGGGAC TGAGACACGGL  38@
. FCLCTEREER LT e et b ey e e e e el
Shjct 268  AGGCAATGATGCATAGCCGAGTTGAGAGAC TGATCGGCCACAT TGGGACTGAGACACGRE 327
Query 381  COAMACTCCTACGEGAGGCAGCAGTAGGGAATCTTCCACAATGRACGCAMGTCTGATGGA 360
) ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Shjet 328 COAMACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGRACGCAMGTCTGATGRA 387
Quary 361  GCAMCGCCGCGTGAGTGAAGAAGGTTTTCGGATCGTAAMGE TCTGTTGTTGGT 420
) ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Shjct 388  GCAMCGCCGLGTGAGTGAARAAGGTTTTCGEATCGTAAMGE TCTGTTGTTGGTG 447
Query 421  GATAGAGGTAGTAACTGGCCTTTATTTGACGGTAATCAACCAGAMAGTCACGGCTAACTA 488
) ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Shjct 448  GATAGAGGTAGTAACTGGLCTTTATTTGACGGTAATCAACCAGASAGTCACGGLTAACTA 587
Quary 481  CGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAMGCGTTGTCCGGAT TTATTGGGCATAA 548
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Shjct 588  CGTGLCAGCAGCLGCGGTAATACGTAGG TGGCAMGCGTTGTCCOGAT TTATTGGGCATAA 567
Query 541  AGCGAGCGCAGGCGGAANGAATAAGTCTGATGTGAAAGCCCTCGGLTTAACCGAGGAATTG &8
) ||||||||||||||||||||||||||||||||||||||||||||||||||||||||| [
Shjct G568 AGLGAGCGCAGGLGGAMGAATAAGTCTGATGTGAAAGCCCTCGGCTTAALCGAGGAMCTG 627
Query 681  CATCGGAAACTGTTTTTCTTGAGTGCAGAMGAGGAGAGTGGAACTCCATGTGTAGCSGTG 664
) ||||||||||||||||||||||||||||||||||||||||||| CLLLLLTERELELIn
Shjct 628 CATCOGARACTGTTTTTCTTGAGTGLAGAMGAGGAGAGTGGAATTCLATGTGTAGCRGTG 687
Quary 681  GAATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCGGCTCTCTGETCTGLAACTGA 724
) |||||||||||||||||||||||||||||||||||||||| [LLECELELTERETELinl
Shjct 6288  GAATGCGTAGATATATGGAAGAACACCAGTGGLGAAGGCGACTCTCTGATCTGLAACTGA 747
Query 721  CGCTGAGGCTCGAAMGCATGGETAGCGAACAGGAT TAGATACCCTGGTAGTCCATGECGT —7aa
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Shjct 748  CGCTGAGGCTCGAAMGCATGGETAGCGAACAGGAT TAGATACCCTGGTAGTCCATGICGT 887
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Query 781 ATGAGTGCTAAGTGT THGGAGGT TTCCGCCTCTCAGTGL TGCAGC TAACGCATTA  B4@
) CELCEEEEEETErnear et et ee e e e e e e e e e e et et

Shjct BEE  AMACGATGAGTGCTAAGTGTTGEGAGGTTTCCGLCTCTCAGTGLTGLAGCTAACGCATTA B67

Query B41  AGCACTCCGLCTGGGGAGTACGACCGCAAGGT TGAAACTCAAMGGAAT TGACGGGGECCE 908
. FELLEEEEEETEEntnt et e b ee e e e et e e e e e bt

Shjct BEE  AGCACTCCGCCTGOGEAGTACGACCGCAAGGT TGAAAC TCAAMGGAAT TGACGGGGRCCE 927

Query 981 GCACAAGCGGTGGAGCATGTGETTTAATTCGAAGCAACGOGAMGAACCTTACCAGGTCTT 968
. COLCEEEEEETE et et b e e e e et e e e e et et

Shjct 928 GCACAAGCGGTGGAGCATGTGETTTAATTCGAAGCAACGOGANGAACCTTACCAGGTCTT 9&7

Query 981  GACATCTAGTGCCATCCTAAGAGATTAGGAGT TCCCTTCOGGGACGLCTAMGACAGGTGET 1028
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Shjct 988  GACATCTAGTGCCATCCTAAGAGATTAGGAGTTCCCTTCOGRGACGL TAMGACAGGTGET 1847

Query 1821 GCATGG GGTTAN

LT'T{JLMLM{JL{ILML 1pER

,-u_

Sbjct 1ed8 GCATGG GGTTAL QLAALGAGLGLAAL 1148/

Query 1881 CCTTATTATTAGTTGLCAGLATTAAGT TOLGCACTCTAATGAGACTOLCGOTOACAARCC 1148

Sbjct 1188 CCTTGTTATTAGTTGLCAGCATTAAGTTOGGCACTCTAATGAGACTGLCGOTOATAMCL 1167

Query 1141 GLAGEAAGGL-OGO 1153

Sbjct 1168 GGAGGAAGGTGGGOG 1181

Alignment
C.26 Blast analysis and alignment results for k6-6a
Sequences producing significant alignments Download ~ Manage Columns ~  show 2]
select all 200 sequences selscred GenBank Graphlcs Distance tree of results
. Max | Total Query| E Pes. §
Descripton Score | Score | Cover | walue | Ident fsassion

Lactobacilius paracsssi subsp. tolerans strain MERC 15808 165 ribozomsl RMA, pamizl sequence 1881 1881 90% 0.0 0053% MNR 0410541
Lactobacilus paracssei sirain R84 188 ribosomal RMA gene, padial seguence 1881 1881 98% 0.0 090.52% NR 0233801
Lactobacilus paracasei sirsin NBRC 15880 185 ribosomal RMA, partial sequence 1877 1877 @83 00 900.42% NR 1133371
Lactobacillus paracasei strain ATCC 25302 185 ribesomal RMA, partial sequence 1860 1260 90% 00 0033% NR 117887.1
Lactobacillus zese strain RIA 482 155 ribosomal RMA, partisl sequence 1820 1820 98% 0.0 9545% MR 0371221
Lactobacillus casei strain NBRC 15882 168 ribozomal RMA, partisl sequence 1815 1815 ©8% 00 9528% NR 1133331
Lactobacillus casei subsp. casei ATCC 303 1885 ribosomal RMA, partial sequence 1816 1816 90% 0.0 08.348% MNR 0£123021
Lsctobacilys casei subsp. casei ATCC 393 strain JCM 1134 155 ribosomal RMA, partisl sequence 1807 1807 98%: 00 9518% NR 1155341
Lactobacillus rhamnosus strain NERC 3426 165 ribosomal RMA, partial sequence 1786 1786 ®8% 00 9787T% NE 1133321
-
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Lactobacillus paracasei subsp. tolerans strain NBRC 15906 165 ribosomal RMA, partial sequence
Sequence I NR 041054.1 Length: 1497 Number of Matches: 1
See 1 more title(s) «

Range 1: 35 to 1068 Gen8ank Graphics

Score Expect Tdentities Gaps Stramd
1231 bits{1018] 0.0 1029,/1024[99%) 1/1034{0%) Plus/Fluz
Query 1 TCOAACEAGT TCTCOTTEATGATCOGTGCT TGCACCGAGAT TCAACATOGAACGAGTGEC &8
. CLOCTELEEE e e E et e e e e eyl
Sbjct 35 TOOAACAGT TCTCOT TRATOATCOOTGCT TQLACCGAGAT TCAACATOAACGAGTORE 94
Query 61 GOACLOOTEAGT AACACGTOOLTAALCTRLCCT TAAGTOROLGAT AACATTT 118
) CCLCTRREEE et e e e e e ey
Sbjct 95 GOACOGETEAGT AACACGTEOETAACCTOCCCT TAAGTGRORGATAACAT TTaGAMALCAG 154
Query 121  ATGCTAATACCGCATAGATCCAAGAACCOCATOOTTCTTOOCTRAAAGATOGLGTAAGCT 188
) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 155  ATGCTAATACCGCATAGATCCAAGAACCOCATGGTTCTTOOCTOAAAGATOGLGTAAGET 214
Query 181 ATCGLTTTTOGATOOACCCGLCOLGTAT TAGCTAGTTOGTG A TRGEUTCALCT 2da
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 215 ATCGETTTTOGATGGACCCOCOOCGTAT TAGCTART TOGTGAG TGGCTCACT 274
Query 241 COATGATACGTAGCCOAAC TOAGAGGOT TOATCRGCCACAT TROGAL T QAGACALGG iga
) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 275 COATGATACGTAGLLGAAL TOADARGT TOATCGOCCACAT TOOGAL T QAGACALLGLT 334
Query 381  AACTCCTACGOGAGGLAGCAGTAGGGAATCTTCCACAATGGACGLAAGTCTGATRGAGCA 368
) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 335  AACTCCTACGOGAGGCAGCAGTAGOGAATCTTCCACAATOGACGCAAGTCTGATOGAGCA 394

Query 381  ACGCCGOGTGAGTGAAGAMGGCTTTCGGGTCGTAAMACTCTGTTATTGEAGAAGAATGET 428
) CCLCTRLEEE e e e e e e e e il
Shjct 395  ACGLCGOGTGAGTGAAGAAGGCTTTCGGGTCGTAMAACTCTGTTGTTGGAGAAGAATGET 454
Query 421  CGGCAGAGTAACTGTTGCCGGCGTGACGGTATCCAACCAGAAMGCCACGGE TAMCTACGT 484
) CCLCTRREEE e e EEEEE e e L e e e il
Shjct 455  CGGCAGAGTAACTGTTGTLGGCGTRACGGTATCCAACCAGAAAGLCACGGLTAMCTACGT 514
Query 481  GLCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTATCCGGATT TATTGEGCGTAANGE 544
) CCLCTEREEETE e e et e e et ey
Shjct 515  GLCAGLAGCCGLGGTAATACGTAGETGGCAAGCGTTATCCGGATT TATTGRGCGTAAMGE 574
Quary 541 TTTTTTAAGTC TGATGTGAMGC CCTCGGET TAACCGA GLAT  &@@
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Shjct 578 TTTTTTAAGTC TGATGTGAMGE CCTCRGE T TAACCGA 834
Query 681  CGGAAACTGGGAAACT AGAAGAGGACAG TGGAACTCCATGTGTAGCGGTGAAL S50
) ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Shjct B35  CGGAANCTGGRAAACTTGAGTGLAGAAGAGEACAGTGRAACTCCATGTGTAGCGGTGAMA  £04
Query 681  TGCGTAGATATATGGAAGAACACCAGTGGCRAAGGCGECTGTCTGETCTGTAACTGACGE 724
) ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Shjct 695  TGLGTAGATATATGGAAGAACACCAGTGGCRAAGGLGRL TGTCTGETCTGTAACTGACGC 754
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Query 721  TGAGGLTCGAAAGCATGGETAGCGAMCAGGAT TAGATACCCTGGTAGTCCATGLCGTALL  TE8
) ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
shict 755  TGAGGLTCGAAAGLATGGETAGLEAACAGGAT TAGATACCCTGGTAGTCCATGCCGTAAA 814
Query 781 CGATGAATGCTAGGTGTTGEAGGETTTCCGCCCTTCAGTGCCGCAGE TAACGCATTAAGT 848
. CCLLUETETEEL e e e e e e r e et v eee
Shjct B15  CGATGAATGCTAGETGTTGRAGGETTTCCGLCCTTCAGTGLCGCAGCTAMGLATTAMGE &74

Query B41 ATTOCGLCTOLOGAGTACGACCOL AAGOT TRAAAL TLAAAGLAAT TOACGROLOOLCLGLA D0
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
S5bjct 875 ATTOCGLCTOROGAGTACGACCOLANGGT TRAAAL TLAAAGLAAT TOACGOOOOCCCGCA 934
Query 981 CAAGLOLTOOAGCATGTOOT T TAAT TCOAAGCAAL DLOAAGARCC TTACCAGOTCT TGAL 968
. CCLLLLLELE LT LV L ET R ETEEETE]
Sbjct 93& CAAGLGLTCOAGCATGTOOTT TAAT TCOAAGTAAL DLOAAGARCC TTACCAGOTCTTROAL 994
Query 951 ATCTTTTGATCACCTOAAAGATCAGGT TTCCCCTTOGOGRGE - AAATGACAGRGLGTOCA  1H1Y
. [LLLLELELERELTn ELEE L DL TETEEEEEEL TETEL
S5bjct 995 ATCTTTTGAT CACCTOAGAGATCAGGT TTCCCCT TOOOGOOCAAMAT QACAGLRTROTGLA 168524
S T R
Sbjct 1855 TGGTTGTCGTCAGC  1B6E
C. 27 Blast analysis and alignment results for k6-7
Sequences produclng significant allgnments Download * Manage Columns ~  Show L}
select all 100 sequences selected GenBank Graphics  Distance tree of results

Max | Total Queryl E Per.

Desaipéon Score | Score | Cover value | Ident fesession
Lactobacillys parscase subsp. tolersns strain MBRC 15808 155 ribosomal RMA paris| ssquence 2204 2204 100% 0.0 909.42% NR 0410541
Lactobaciius paracasei sirain R094 1588 ribosomal RMA gene, partial sequence 2204 2204 100% 0.0 99.42% NRE 025380.1
Lactobacilus paracassi sirain NSRC 15280 188 ribosomal RNA, partial sequence 2200 2200 100% 0.0 90.34% MR 1133371
Lactobacilus parscasei strain ATCC 25302 183 ribesomal RMA partial sequence 2191 2191 &% 00 90.34% NR 1178471
Lactobacillus zeze ctrain RIA 483 18S ribosomal RMA, partial cequence 2138 2138 100% 0.0 95.44% NR 0371221
Lactobacillus casei strain NERC 152883 168 ribosomal RMA, partial sequence 2135 2135 100% 0.0 08.38% HNR 1133331
Lactobacilus casei subsp. casei ATCC 393 183 ribosomal SNA. partial sequence 2132 2132 100% 0.0 98.38% NR 0413031
Lactobacillus ezsei subsp. cassi ATCC 303 strain JOM 1134 188 ribosomal RMA, partial sequence 2124 2124 100% 00 95.19% MR 1155341
Lactobacillus rhamnosus strain MNERC 2428 185 ribosomal RMA, partial sequence 2100 2100 100% 0.0 08.03% HNR 1133321
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Lactobacillus paracasei subsp. tolerans strain NBRC 15906 165 ribosomal RNA, partial seq
Sequence ID: NR_031054.1 Length: 14937 Number of Matches: 1
See 1 more title(s) v

Range 1: 20 to 1245 G=n8snk Graghics dext Mat = DiLES

Score Expect Identities Gaps Stramd
2204 bits{1193) 0.0 1210/1217(99%) 5,-'121;[1:.%) Plus/Plus
Query 1 TG -AGTCGAACGAGTTCTCOT TRATGATOGG TGL T TOLACCGAGAT TCAACAT GAL >89
. 111 ||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Sbjct 29 TECAAG T GAACGAGTTCTCOT TRATGATCRG TGC T TRLALLG CaACATRG B
Query be GOLOOALLOOTOAGT AACALGTOROTAACC TOCLCT TAAGTOOOLATAACATTTGO 119
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Sbjct B9 GOCLGACGGOTGAGT AACACGTORGTAACC TRCCCT TAAGTOROGOATAACATTTG 148
Query 128 AAACACATOC TAATACCGLATAGA TCCAAGAACLGLATGGT TCTTOL TEARAGATRGLG 179
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Sbjct 149 ALACAGA AATACCOCATAGATCCAAGAACCGLATOET TCT TR0 TRAAAGATROLOD  ZBE
Quary 138 TAAGCTATCGL T TTTOOATGOACCCOLGOiGTAT TAGLTAGT TGO TOAGGTAATGGLTCA 2139
. LLLCTLEELEDE LS T e L L e EL L e L e eteneny
Sbjct 2ed TAAGCTATCGLT TTTOOATOOACCCOLGOLGTATTAGLTAGTTROTOADGTAATOGLTCA 268
Query 48 COAALGLOATGATACGTAGLLGAAL TOAGAGG T TRATCGOLCACAT TGOGAL TGAGALAL 209
. CCRCRLEEL DL T E L e e L L e e L el
Sbjct 269 CLAADGLOATOATACGTAGLLOAAL TOAGADOT TRATCORECACAT TOLOACTOADALAL 328
Quary 34 GLCCCAAAC TCC TACGGRAGGCAGCAGT AGLGAATCT TCCACAATGOACGLAAGTCTGAT 359
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Sbjct 329 GLCCCAAAC TCC TACOLEARGCAGCAGTAGDOAATCT TCCACAATROACGLAAGTLTGAT 388
Query 368 GoAGLAALGLCOLO T GAG TGAAGAAGECTT TCOO TCOTARARCTCTGTTGT TORAMAAD 419
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Sbhjct 389 CAACGLCOCOToALD T GAAGAAGOLT T TCOOLTCOTAAAACTCTGTTGTTORAGAAG 448
Query 4249 AATGOTCGLCAGAGTAACTGT TOLCOOLGT GACGO TATCCAALCAGAAAGLCALDOLTAA 479
. ||||||||||||||||||||||| ||||||||||||||||||||||||||||||||||||
Sbjct 449 AATGOTC TGTTGTCOOLOT GACGO TATCCAALCAGAAAGLLALDOLTAA SEE
Query 438 CTACGTOLCARC AR COCOOTAATACGTAGLT COCAAGLGT TATCCOOATTTATTORGLG 239
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Shjct Sed CTACGToCCARCARICGCGLTAAT ACGTAGLT OCAAGCGT TATCCGGATTTATTGRGLG 568
Query 548 GTTTTTTAAGTCTGATOTGAAAGCCCTCGOL T TAACCGADGARA  SH9
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Sbjct 589 G AL oL ARGLGaT TTTTTAAGTCTGATGTOAALDLCC TCOOLT TAMCC 528
Quary &8 COCAAACTGOGAAALT TEAGTGLAGAAGALDGACAGTGLAAC TCLATOTGTAGLG  &59
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Sbjct 629 oA TOOGARALT TRAGTGLARAAGAGGACAGTORAAL TCLATGTGTAGLGD  &HE
Query 664 GloAAATGLGTAGATATATGOAAGAACACCAGTOLLGAAGGLG GTCTOGTCTGTAAC 19
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Sbjct 689 TOAAATOLOTAGATATAT OAARAACACCAGTOLCOAARGLOLL TOTCTROTCTOTAAL 748
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Query 728 TGACGCTGAGGL TCGAMAGCATGGGETAGCGAMCAGGATTAGATACCCTGGTAGTCCATGE
. CCLCELLETETE Lt et e r e e e et e e e e e
Shjct 749  TGACGLTGAGGLTCGAMAGCATGGGTAGCGAACAGGATTAGATACCC TGGTAGTCCATGE
Query 788 COTAAACGATGAATGCTAGGTGTTGGAGEGTTTCCGCCCTTCAGTGLCGEAGE TAMGEA
. CLLCEELETE LT e e e e e r e er e et v en e eer e
Shjct Be9  CGTAAMCGATGAATGLTAGETGTTGGAGGGTTTCCRLCCTTCAGTGLCGLAGE TAMGLA
Query B48  TTAMGCATTCCGCCTGGAGAGTACGACCGCAMGGT TGAAMAC TCAMAGGANTTGACGGGGE
. CLRCELEERETEL et et e e r e e e et et e e r e e
Shjct 889  TTAAGCATTCCGLCTGGGGAGTACGACCGCAAGGT TGAMAL TCAAAGGANT TGACGEGEE
Query 988 GCACAAGEGGTGEAGCATETGET TTAAT TCGAAGT AR CTTACCAGGT
. ||||||||||||||||||||||||||||||H||||||||||||||||||||||||||||
Shjct 929 GCACAAGEGGTGEAGCATATGAT TTAAT TCGAAGT AAC GLGAAGAACC T TACCAGET
Query 968  CTTGACATCTTTTGATCACCTGAGAGATCAGGTTTCCCCTTCGGGEGCAMANTGACAGET
. CLLCELEERE R et e e eer e e ek b v e e e
Shjct 989  CTTGACATCTTTTGATCACCTGAGAGATCAGGTTTCCCCTTCGOGGGCAMATGACAGET
Query 1828 GGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGT TAGGT TAAGTCCCGLAAL GAGCGE
. CCLLEEI LR T e e e e etk e b e e e
Shjct 1049 GGTGCATGAETTGTCGTCAGLTCGTGTCGTGAGATGTTGGET TAMGTCCCGCAACGARCGE
Query 1888 AACCCTTATGACTAGTTGCCAGCATTTAGT TGGGCACTC TAGTAAGAC TGCCGGTGAL - A
. CLLCELIETETER T C et eer e er e et bt e e p et |
Shjct 1189 AACCCTTATGACTAGTTGLCAGCATTTAGT TGRGCACTCTAGTAAGAC TGCCGGTGACAA
Query 1139 ACCGGAGGAAGGTGGGGATGACGTC-AATCATCATGLCCCT TATGACC -GGGCTAC - CAC
. ||||||||||||||||||||||||| RN
Shjct 1169 ACCGEAGGAAGETGGEGGATRACGTCAAATCATCATGCCCCT TATGACC TGGGEC TACACAC
R TR
Shjct 1229 GTGCTACAATGGATGGT 1245

C.28 Blast analysis and alignment results for k6-9a
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Sequences producing significant alighments

select all 100 sequences selected

v show[1ov ] @

GenBank Graphics Distance tree of results

=T sr::: ;:1 2::: v:ue I::'r.rt Hocassion
Lactobaciius paracssei subsp. tolersns strain NERC 15805 1585 ribosoms| RMNA, paris| ssquence 2274 2274 100% 0.0 02.08% NR 0410541
Lactobacillus paracasei strain R84 155 ribosomal RMNA gene, partial sequence 2274 2274 100% 0.0 98.88% NR 0253801
Lactobacilus paracasei sirain NBRC 15280 185 ribosomal RMA,_partial sequence 2270 2270 100% 0.0 9B.90%
Lactobacllus paracasei sirain ATCC 25302 188 ribosomal BMNA, partial sequence 2257 2257 100% 0.0 9B.78%
Lactobacillus zese strain RIA 482 165 ribosomal RNA, partial sequence 2200 2200 100% 0.0 0B.04% NR 0371221
Lactobacilus casei strain NBRC 15883 165 ribosomal RMA, gartis] sequence 2206 2206 100% 0.0 O7.98% NR 113333.1
Lactobacillus casei subsp. casei ATCC 393 185 ribosomal RNA, partial sequence 2204 2204 100% 0.0 O7.99% NR 0418031
Lactobacllus casei subsp. casei ATCC 393 strain JOM 1134 185 ribosomal RMA, partial sequence 2194 2194 100% 0.0 97.80% NR 1155341
Lactobacllus rhamnosus strain MNERC 3425 165 ribosomal RMA,_partial sequence 2180 2180 100% 0.0 97.85% NR 1133321
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Lactobacillus paracasei subsp. tolerans strain NBRC 15906 165 ribosomal RNA, partial se
Sequence ID: NR 041054.1 Length: 1497 Number of Matches: 1
See 1 more title(s) v

Range 1: 20 fo 1301 GenBank Graghics dext Mat P CiLES

Score Expect Tdbentities Gaps Stramd
2274 bits(1231) 0.0 1261/1274[99%) 7/1274{0%) Plus/Plus
Query 1 CAACGAGTTCTCOT TeATGATC GO TOC T TRLACCGAGAT TCAACA T xhOAA (=15
) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 29 Tar CoAAlGAGTTCTCOT TEATGATCEOTGC T TOLALCOAGAT TCAMRCA T Al B
Query b1 Gl 0ALRIGTGAGT GROTAACCTGCLCT TAAGTOROGLATAACATT TR 128
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct B9 Gl oGAT GOOTAACCTGCLCT TAAGTORGGEATAACATT TG 148
Query 121 AfACAGA AATACCOCATAGATCCAAGARCCGCATGLT TCT TR0 TOAAAGAT G 158
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
S5bjct 149 ALACAGATEC TAATACCOCATAGA T CAAGAACCGCATOLT TCTTROLTGAAAGATROCG 268
Query 131 TAAGCTATCGCT TTTOATGOACCCOLGOiaTAT TAGC TAGT TR TOARG TAAT @ET 248
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct  zZea TAAGCTATCOCT TTTOGATOACCCGCGRLGTAT TAGL TAGT TEa TOARG TAAT G 268
Query 241 ClAAGGLOAT A TALGTAGLGAAC T GAGAGG T TRAT CORICACAT TGEGALTGAG Ipa
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 268 COAAGGUGAT @A TACGTAGOCAAC T GAGAGG T TRAT CORECACAT TGHGALTGAG 128
Query 381 GOLCCAABCTCC TAL k] TAGRGAATCT TCCACAA ACGCAAGTCTGAT 368
) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
S5bjct 329 GGLCCAAACTCC TACGORARGCAGCAGT AGEGASTCT TCCACAATROACGLAAGTCTGAT 3HE
Query 38l LAl L CO00 T Ga0 T RAaGAAG TTOGGETCOTAAAALTCTGT TG T TOmARAAG 428
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 389 GOAGLAALGLLOCGT 0l T ol sn A A TTCOETCOTAAAACTCTOGT TR T TORARAAD 448
Quary 4211 AATGOT OGO AGAGTAACTGT TOLCGRLGT GACGGTATCCAALCAGAAAGCLACGOLTAA 488
. N R n AR
S5bjct 449 AATOOTCORCAGAGTAACTGT TOT COOLGT ACGGTATLCAALCAGAAAGLCACROLTAA SEE
Query 431 CTACGToCCAGC ARCCOCOaTAAT ACGTAGGTROCARGIGT TATCCGGAT TTATT 548
) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct  Sed CTACGTED T A TROCAALCGT TATCCGGATTTATT 568
Query 541 GGGl AGLGaTTTTTTAGGTCTGATOTGAALAGLCCTCRGL T TAACCGAGDAA  EEG
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct Eea QLA Gl AGGLGGTTTTTTAAGTCT GATGTGASAGLCC TOGLLT TAAC CoARDAS &28
Query 681 GAAAT TOOGARACT AGAAGAGGACAGTOOAAC TCCATGTGTAGLG &68
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
5bjct 829 GAAL T TGOGAAACT AEAAGAGGACAGTORAAC TCCATGTGTAGCG  &HE
Query 661 GToAAATGLOTAGATATATROAAGAACACCAGTOGCGAADGLOGL TG TCTRGTCTGTAAL 728
) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct B89 TEAAA TOLO TAGATATATROAARAACALCAGTORLGALGOLGL TG TCTOGTLTaTAAL F48
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Quary F211 TGACGL TGAGEL TCGAAAGLATGLLO TAGCGAAL AGLAT TAGATALCL TOGTAGTCCATGL Ffaa
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 749 TQACLLTOAGLL TCOAAAGLATOLOTAGCOAAL AGOAT TAGATALCL TOOTAGTLCATOL BB
Quary Fal TAAACGATGAATGL TAGGTGT TOGAGHG T T TCCCCCTTCAGT L Lol AGE TAACGE Baa
) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct Bed TGAATGEC TeTTeGEAGLGTT TCCGLCCTTCA CoOCAGCT AR BoE
Query B4l TTAAGCAT TCLOCCTOOOOAGTAC GACCOLAALG T TRAMAL T IGALG Sea
) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct Bed TTAAGCAT TCCGLCTOOOGAGTACGACCOCAMGG T TGAMAL TCAAAGGANT TEACGHGH 928
Query 981 GOTGOAGLATGTGGTT TAAT TCGAAGT AL CTTACLAG 958
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 929 ACAAGCOLTOOAGCATOTGOTT TALT TOGAAGCAAL G GAAGAATCT TALL 988
Quary 951 CTTGACATCTTT TGATCACCTGAGAGATCAGGT TTOLCCT TGRS 182
. CEOLTETELE L e e e e e e e e enererl
Sbjct 989 CTTGACATCTTT TOATCACCTGARAGATCARGT TTCLCCTTCORG leds
Query 1821 GGTGCATGGTTGTCGTCAGCTCGTATCGTGAGATGT TaGGT TAAGTCCCGLAACGAGIGE 1868
) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct  1ed9 GOTGCATGGT TGTCGTCAGLTCGTGTCGTGAGATGT TGGGT TAAG TCCCGLAR 1188
Query 1281 AACCCTTATOACTAGTTOLCAGTATTTAGT TOLOCACTLTAGTAAGACTGLCOOTGALAA 1148
) FERLOLEEE e et e e e e e et e e eenerert
Sbhjct 1189 AACCCTTATOACTAGT TOCCAGCATTTAGT TOGGCACTCTAGTAAGACTGCOOGTGACAA 1168
Query 1141 -CCGGAAGGAAGGTGOGGATGALGTCAMATCATCATGLLCCTTATGACCTOGLRLTAC-CA 1198
. IIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII I
Sbjct 1169 0-AGRAALGTORGEATOACGTCAAAT CATCATGLLCCTTATGACC TGO TACACA 1227
Queary 1199 COTGCTAC-ATGGATOGOTACACCAA-TTOCARALC COCGAGOGTC-AGCTAATCTCTTAAS 1255
. CEOLREEE rrerrerreent fop peer b renen et terar el
Sbhjct 1228 COTGCTACAATGGATOGTACAACGAGT THRCGAGACCGLGAGGETC CTAATCTCTTAARA 12EY
e NI
Sbjct 1288 GCCATTCTCAGTTC 1381
C.29 Blast analysis and alignment results for k6-12
Sequences producing significant allgnments Download ™~ Manage columns ~  Show [7]
select all 200 sequences selecred GenBank Graphlcs Distance tree of results
. Max | Total | Query E Per. -
Descipson Score | Score | Cover | walwe | Ident fesassion
Lactebacilus paracasei strain ATCC 25302 1858 ribosomal RMA, partial sequence 2145 2145 100% 0.0 99.23% NR 117987.1
Lactobacillus paracassi sirain WBRC 15880 1838 ribosomal RMA, partial sequence 2141 2141 100% 00 90.18% MR 1133371
Lsctobaciius paracsssi subsp. tolerans strain NERC 15808 155 ribosoms| RMA, panis| ssquence 2138 2138 100% 0.0 9018% NE 04105841
Lactobacilus paracasei sirain R094 185 ribosomal RMA gene, partial ssguence 2139 2138 100% 00 99.18% NRB 0253801
Lactobacillus ze32 strain RIA 482 18E ribosomnal RMA, partial sequencs 2091 2001 100% 0.0 OB41% NR 0371321
Lactobacillus casei strain MBRG 15883 165 ribosomal RMA, partisl sequence 2087 2087 100% 0.0 9833% NR 113333
Lactobaciius casei subsp. cassl ATCC 383 188 ribosomal AMNA. partial sequence 2085 2085 100% 0.0 9532% NRE 0418831
Lactobacils easei subsp. casei ATCC 393 strain JOM 1134 188 ribosomal RMA,_partisl sequence 2076 2076 100% 0.0 9814% NR 115534
Lsctobacillus rhamnosus strain NBRC 3425 165 ribosomsl RNA,_partial sequence 2080 2060 98 0.0 0247% NR 113332
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Lactobacillus paracasei strain ATCC 25302 165 ribosomal RNA, partial sequence
Sequence I: NR 117987.1 Length: 1441 Number of Matches: 1

Range 1: 18 to 1201 Gen8ank Graphcs lext

Score Expect Identities Gaps Stramnd
2145 bits{1161) 0.0 1184/1153(95%) Efn&a[n%j Plus/Plus
Query 1 CoAGTTTCTCGT TRATGATCOLTGL T TOGLACCGAGAT TCAACATOROARLGALGTOOLGRA BB
. IIII NN NN nnnnaanny IIIIIIIIIIIIIII
Sbjct 18 -TTCTCGT TOATOATCOG TG T TOCACCAGAT TCAACAT - GOAALGAD b
Query 61 CoOnOTOAGTAACACGTOOO TAACC TGUCCT TAAG T GGG ATTTOOAARCAGATD 128
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 76 CoOLGTOAGTAACACGTORG TAACC TGUICT TAAGT BGLGA ATTTOOAARCAGATG 135
Query 121 CTAATACCOLATAGATCCAAGAAC COLATOLT TCT TOLOLTQAAADATGLLGTAAGL TATC 148
. CLLLLELELELELLEL LR LR LT L L TP TET LT
5bjct 136 CTAATACCOCATAGATCCAAGAAC COCATGRT TCT TOOL TGAAAGATGOCGTAAGC TATC 185
Query 181 GLTTTTOOATGOACCCOLOOCOTATTAGCTAGT TGO T GALGT CTCACCARAG 248
. LLLLEUETRLEEECE LRt et IIIIIIIIIIIIIIIIIIII
Sbjct  1%6 GCTTTTOOATGOACCCGUODCOTAT TAGCTAGT THOTGADG TAALDOC TCACCAAG 2553
Query 241 TOATACGTAGLLGAAC TOAGAGG T TOATCGLCLACAT TGLOAC TOAQACACGOCCCARAL  3B9
. LCLLURLELERELEEL L EL L LR L LT
Sbjct 56 TOATACGTAGUCGAAC TOAGAGGT TOATCORCCACAT TGLOGAC TOAQACACGOCCCARAL 315
Query 3@l TCCTACGORARGCAGCAG TAGLOAATCT TCCALAATOLACGLAAG T T0A TGOOAGT AL ina
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Shjct 316 TCCTACGORARG L AGCAL TAGLOAATC T TCCACAATOLACGCAAG TL THA TGOAGT AR £
Query 38l COOCoToADT GAAGAAGOLTT TCGOOTCOT ARARL TCTGT TOT TORAGARGAATOOTCGD 428
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
5bjct 376 COOCOToALT GAAGAAGETTT TCGOOTCOT ARARC TCTGT TGT TORAGAAGAA TGO TC 435
Query 421 CAGAGTAACTGT TGTCGOCOTGACOGTATCCAALC AGALAGCLALGOC TAACTACGTOLL 488
. CULLETELRLELUEL P R LR L TRy
Sbjct 436 CAGAGTAACTGT TGTCOOLOTGACOTATCCAACL AGALAGLCALOC TAACTACGTOLD 405
Query 481  AGCAGCCOLOGTAATACGTAGLTGOUAAGCGT TATCCGOAT TTATTOLGOLGTARAGLOAL 548
. LLLTELELEL LT LR L L L L LT
Sbjct 49  AGCAGCCGCGGTAATACGTAGGTGOCAMGCGTTATCCGGAT TTATTGGECGTAMAGLIGAG 555
Query 541 CoOCARGLGOTTT TTTAAGTCTGATOTOAAAGCCCTCGOIT TAACLGAGOAAGLOCATIGD  6BE
. CLLLLLLELEL L EEEEE LR L L LT
Sbhjct 556 COCARGCGETTT TTTAAGTCTOATOTAAAGCCCTOGOIT TAACCGAGHAAGCGCATIGE 615
Query 68l GOAAALT TEAGTOLAGAA ACTOLAACTCCATOTGTAGLOOTOARATGE 08
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 616  AMACTGOGAMACTTGAGTGCAGAAGAGGACAGTGGAACTCCATGTGTAGCGOTGAMATGE 675
Query 68l GTAGATATATGOAAGAMCACCAGTOOCGAAGOLGOLTOTCTCOTC TG TAACTOACGLTRA 728
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
5bjct &%6 GTAGATATATGOAAGAACACCAGT DOCGAALOLOLLTOTCTOOTC TG TAACTOACGLTA  F35
Query Ffi1 GOCTCOAAAGLATOOOTAGLOAACAGEAT TAGATACCCTOOTAGTCLATGLCGTAAAL fdaa
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct T3 GOCTOOAAAGLATOOOTAGLOAAC AGEAT TAGATACCCTOOTAGTCCATGOCOTANAL Fu5
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Quary 7&1

S5bjct 796 Taaad

Query B4l  CCGCCTGGGGAGTACGACCGCAAGGT TGAMACTCAAAGGAATT
) RN R nnnniannnannn
sbjct BS6  COGCCTGOGGEAGTACGACCGLAAGGT TGAMALTCAAMGGAAT TGN

Query 981 GLGGTGRAGCATGTGGTTTAATTCGAAGLAACGLGAMGAAD
. CCLEITEET LR T et et
Shjct 916 GCGGTGEAGCATGTGETTTAATTCGAAGCAACGLGAMGAAC
Query 961  TTTTGATCACCTGAGAGATCAGGTTTCCCCTTCGGAGACANAL
) NN nn RN
sbjct 976  TTTTGATCACCTGAGAGATCAGGTTTCCLCTTCGGOGGCALL
Query 1821 TTGTCGTCAGCTCGTGTCGTGAGATGTTRGET TAAGTCCCGE
. CCLETERETELE L R et en it
Shjct 1@38 TTGTCGTCAGLTCATGTCGTGAGATGTTGGETTAAGTCCCGE
Query 18E1 GACTAGTTGCCAGCATTTAGT TGGGLACTCTAGTA
) |||||||||||||||||||||||||||||||||||
sbjct 1898 GACTAGTTGLCAGLATTTAGT TGRGCACTCTAGTA
Query 1141 GAAGGTGGGGGATGAACGTCAAATCATCATGLCCCCTTAT
. CCLELLEETE E0E PERR TR et e eneeer tnl
Shjct 1154 GAAGGTGGGG-ATG-ACGTCAAATCATCATGLCCC-TTAT

C.30 Blast analysis and alignment results for k6-14
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Sequences producing significant alignments

select all 100 sequences selected

Download ~

Manage Columns ~  Show [7]

GenBank Graphics Distance tree of results

Descrpfion
Lactobacilus parscassi strain NBRC 15889 133 ribosomal RMA, partial sequence

Lsctobac =i strain R084 185 ribosomal RMA gene, parial sequence

Lsctobacillus paracasei strain ATCC 25302 135 ribosomal RNA, partial sequence
Lsctobacius zese strain RIA 482 18E ribosoms! RMNA, gartis! sequencs
Lsctobacillus casei strain NBRC 15883 165 ribosormsl RMA, partisl sequance
Lactobacillus rhamnosus strain NERC 3426 165 ribosomal WA, partial sequence
Lsctobacilus casei subsp. casei ATCC 383 185 ribosomal RMNA,_partial sequence

Lsctobacilus casei subsp. casei ATOC 393 strsin JCM 1134 185 ribosomal RMA, partial sequence

Lsctobaciius parscsssi subsp. tolerans strain MERC 15808 155 ribosomsl BMA, panis| ssquence
Lsctobacllus rhamnosus strain JCM 1138 135 ribesomal RMA, partisl sequence

aeeoooOeEEo

L.paracassl

L.zege
walmts
L. rhamonsus

kezis

oy * kk kk * ok * * .
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Ak kkk &

Max | Total | Query E Per.
Score | Score | Cower walue | Ident

1993 1983 100% 0.0 98.54% MR 1133371
1993 19983 100% 0.0 90.54% MR 02523201
1991 1901 o@% 00 90.54% MR 1179474
1980 1980 100% 00 9045% MR 0371221

Accession

1088 1088 100% 00 00.45% NR 1133331
1988 1938 100% 00 90.45% NR 1133321
1988 1988 100% 00 90.453% NR 0418031
1988 1988 100% 0.0 90.45% MR 1155349
1984 1934 100%% 0.0 90.38% MR 0410541
1080 1080 100% 0.0 9027% MR 0£3£08.1

T TAA AR GO AT CEEAR AT AR ACT TEAGT GCAGRAGRGERACAGT G5
T TAA AR GO AT CEEAR AT AR ACT TEAGT GEAGRAGRGEACAGT G5
T TAA AR T AT CEEAR AT GEEAR ACT TEAGT GEAGRAGRGERACAGT G5

TEETGTGAC—GEECGET TG TACARAGECCCGEGARCGTAT TCACCGLGECGTGC—TGA
Xk %k k% k%




Lactobacillus rhamnosus strain MBRC 2425 165 ribosomal RNA, partial sequence
Sequence ID: NRE 113332.1 Length: 1495 Number of Matches: 1

Range 1: 370 to 1464 GenBank Grapghics lext Matc

Score Expect Identities Gaps Strand
1988 bits(1076) 0.0 1085/1095(99%) 2/1095[0%:) Plus/Minus

Query 1 GOCTCOCTOCCTAAN-GOOT TALGCCACCOGOL TTCOGOTGT TACAAACTCTCATGOTOTG 59
. CCLLRETETEEE e CLEEE et e e et e e Ll

Sbjct 1464 GGCTCOCTOCCTAAMAAGHGTTACGCCACCOGLTTCOGOTAT TACAAMCTCTCATROTATG 1485

Query 6B ACLGOLOGTOTG TACAALGLLCGLOAACGTAT TCACCOLGOLGTOLTGATCOGLGATTAC 119
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Sbjct 1484 ACGGLCGGTOTOTACAAGGLCCOGGAACGTAT TCACCOCOGLGTACTGATCCOCGATTA 1345

Query 1248 TAGLGATTCLCACTTCOTOTAGGLOAGT TOLAGCC TACAGT COGAAL GOCTTT 179
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Sbjct 1344 TAGCGATTOCGACTTCGTOTAGGUGAGT TGCAGCC TACAGTCCGQAALT CTTT 1285

Query 188  AAGAGATTAGCT TGACCTCGCGGTCTCGCAACTCGTTGTACCATCOATTGTAGCACGTGT 239
. CELTRELRE ERE TR e e e et e e n e i e el

Shjct 1284 AAGAGATTAGCT TRACCTCGLGGTCTCGCAACTCGTTGTACCATCCATTGTAGCACGTGT 1235

Query 248  GTAGCCCAGGTCATAAGGGGCATGATGATTTGACGTCATCCCCACCTTCCTCCGETTTGT 209
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Shjct 1224 GTAGCCCAGGTCATAAGGGGCATGATGATTTGACGTCATCCCCACCTTCCTCCGRTTTGT 1165

Query 388  CACCGGCAGTCT TACTAGAGTGCCCAACTAAMNTGC TGGCAMCTAGTCATAAGGGTTGLGE 359
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Sbjct 1164 CACCGGLAGTCT TACTAGAGTGCCCAACTAAMNTGC TGGCAMCTAGTCATAAGGGTTGLGE 1185

Query 368 TCGTTGCGGEACTTAACCCAACATCTCACGACACGAGE TGACGACAACCATGCACCACCT 419
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Shjct 1184 TCGTTGLGGGACTTAACCCAACATCTCACGACACGAGE TGACGACAACCATGCACCACCT 1845

Query 428 GTCATTTTGLCCC CTGATCTCTCAGGTGATCAMAGATGTCARGACCT 479
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Sbjct 1844 GTCATTTTGL CTGATCTCTCAGGTGATCAMAGATGTCANGACCT &S

Query 488  GGTAAGGTTCTTCGCGTTGOTTCRAATTAMACCACATGETCEACCGCTTGTGCGRGCCCC 539
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Shjct 984  GGTAAGGTTCTTCRCGTTGCTTCRAATTAMACCACATGLTCCACCRCTTGTGLGRGLCCC 925

Query 548  CGTCAATTCCTTTGAGTTTCAACETTGCGGTCETACTCCCCAGGLGGAATGLTTAATGEG 509
. ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Shjct 924  CGTCAATTCCTTTGAGTTTCAACCTTGCGGTCARTACTCCCCAGGLRGAATGLTTAATGLG 865

Query 688 TTAGCTGLGGCACTGAAGGGCGGEAAACCCTCCAMCACCTAGEATTCATCGTTTACGGCAT 659
. LELLRETELERE TR e e et et e e e i e et

Shjct EE4  TTAGCTGLGGCACTGAAGGGLGGAAACCCTCCAACACCTAGEATTCATCGTTTACGGCAT 885

Query 668  GGACTACCAGGGTATCTAATCCTETTCGCTACCCATGCTTTCGAGECTCAGCGTCAGTTA 719
. CETERETEYERE TR e e e e r i e e e el

Shjct E@4  GGACTACCAGGGTATCTAATCCTGTTCGCTACCCATGCTTTCGAGCCTCAGCGTCAGTTA 745

Query 728 CAGACCAGACAGCCGCCTTCGCCACTGETGTTCTTCCATATATCTACGCATTTCACCGET 779
. CEDERETEYERE TR e et e n e r i e el

Shjct 744  CAGACCAGACAGLCGCCTTCGLCACTGGTGTTCTTCCATATATCTACGCATTTCACCGCT 685
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