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.(Harrigan Harold, 1998; Benson, 1967)
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St i s b et Coa lordgn lagilej]
lod 93 13 Wby awyp 1CB)S Gygo pj Ujsods bl alS
PH=9/6 ;> s 59,8 W18 4 H6/5 clale g 1> 45°C410°C
Lo )3 3S5I5 A58 5l ()8 308102 S5 A5 (s PH=A/A
9 5agh Al Ca playgd gl (g5l 0l 2l MRS el
Jskaieds (Salminen & Von Wright, 2004) 54 g5lie 39 i
ol &y (63) b I dadyhia Lawgs (5] g )ded ()
.(Cardinal et al., 1997) .

£35 305 oS il S & Sy Jgn plulic
NS
DNA ! 5!

100 pl s sl jo 5l 2l IS DNA 2l sel cqs
P29 Jselgial JSU 51100 pl s g 05 (g5lo3els oy
3 b 5 e ay (3,5 bl 5l am g 05,5 adlul (24/1)
YU (ol 58 5] e 3 5ot 5l 4i8 5 e 4 16000 g
25,5 eslawl PCR i STly (gl o Sl g DNA xis flgicay
.(Ruiz-Barba et al., 2005)
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1 Next Generation Sequencing
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NGS L Jlss sl 4l 5 25,5 Jluy) SsblS algs olils
Gilleo PCR 9 pbsil L 4 Illumina sequencing JS's5 bl ys
223,5 ploxil 5 Jolpe

16S DNA Library ags (<1
= SMiwsS 93 DNA a0 51 16S DNA Library ags
16S metagenomic sequencing library J S, el wl
ol syeslys b Jgl PCR .3 )5 slos! protocol (Hlumina)
&l 16S TRNA 5 51VA 5 V3 sl 135 caa 5 50 odb

5 pbl ),S5 3,5 460 bp ojlul 4 QMT
Forward Primer:
TCGTCGGCAGCGTCAGATGTGTATAAGAGACA
GCCTACGGGNGGCWGCAG
Reverse Primer:
GTCTCGTGGGCTCGGAGATGTGTATAAGAGACA
GGACTACHVGGGTATCTAATCC

L )5k can pulp cin o Jlgs 4 Overhang gobl
Mumina bl la Jlss .00, sLsdl Hlumina index
il e w3 5 4 Overhang
Forward overhang:
5’'TCGTCGGCAGCGTCAGATGTGTATAAGAGAC
AG-[locus-specific sequence]
Reverse overhang:
5’GTCTCGTGGGCTCGGAGATGTGTATAAGAGA
CAG-[locus-specific sequence].
Amplicon PCR sl (&
51O ng/pl) 215 pl 53,5 byl alwgas PCR 28]y
1 03 0,L31 sl yanly 5l Sopm 315 Ul e 29,0 bglie DNA
2x KAPA HiFi hotstart 51 12/5 pl 4 (1 uM eclale L) YU
aoyo Jols slod aly b S loge 5 ol alwgas readymix
Jolpe JSmw 25 caidy 3 e 45 95°C slod 3 (gl b
Sde 4 95°C [ Jlasl sl 30 @se 4 95°C (5 (g jlwais pulg
dxwg dls yo Coles ) 9@l 30 wse 4 712°C > axwgs casl 30
olyod 0,153 )5 diged o (gl 48B3 D e 4 72°C > Ll
43,5 plosil S diges

Index PCR olxil (z

57455 (slaasls PCR Jyaa (silmjued jl an
Nextera XT Index S Lawgs Hllumina oL Jlg sla,gols!
2 o3lail 3)50 slaadld (g | dd 0,5 Gl o
9l S0HL s 4 PCR iiSTly ol o 03l s 1 Jgas

9 Genomics Facility , Advanced Analysis Centre, University

of Guelph
10 dual indices

Jj 916S rRNA (4 aab 055 Cga PCR Ollos ol
3099551
Jols 16S rRNA 5 , 35 g Universal gL ol
1N3gr 5 ygods (0,5 Bioneer) UL492R 4 B27F
Forward:
B27F (5-AGAGTTTGATCCTGGCTCAG-3')

Reverse:
U1492R (5'-ACGTGGTTTGAAGAGATTTTCG-3')

@b ;o DNA 12 pl (5,8 bglse aluwgas PCR ST,
L (o)) i8S bus) DNASE o 351 281 syl I 16 pl
(10 picomole /plcdale) UL492R 4 B27F (slayeuly 5l oy
oS dlwgay (6,5 <Intron) 2X PCR Master eis oS b
435 plxil pj (aled aslip Llg L JSologe 5

Jenlie S 35 caids 5 s 4y 95°C (5 g5l Jld
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g Calag > 4idd 2 So 4 T2°C 3 Hanwgs o 456 45 e
o & ys89 58U 3,5 plool 4idy 10 e 4y 72°C (5 ° Ll
Bsly 5 ol 55 5 Lo -8 plosil g 95 5L L 4dss 30
(Alegria et al., ws o,y 1500 bp wb JuSis g ad 03> 1,3
2009)
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33,5 pul QIAGEN S 5 Tissue Kit

Next generation sequencing _wg, & J9Ngo (o2l
(NGS) 55y 4 b Jles can (gaitwsS E9 dg0s I DNA
ady i wSeegis 3BT 35,0 4 Next generation sequencing

1 Activation

2 Denaturation
3 Annealing

4 Extension

5 Final extension
6 Gel doc

7 Gen Bank

8 Blast
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Index 1 (i7) Sequence

N701 TAAGGCGA

Index 2 (i5) Sequence
S501 TAGATCGC

N702 CGTACTAG

S502 CTCTCTAT

N703 AGGCAGAA

S503 TATCCTCT

N704 TCCTGAGC

S504 AGAGTAGA

N705 GGACTCCT

S505 GTAAGGAG

N706 TAGGCATG

S506 ACTGCATA

N707 CTCTCTAC

S507 AAGGAGTA

N708 CAGAGAGG

S508 CTAAGCCT

N709 GCTACGCT

N710 CGAGGCTG

N711 AAGAGGCA

N712 GTAGAGGA

Sogw plls (GuidwgS £95 (SWSY dnols (oigid (alwlid

(YU cans g 5y Se onlitn) adgl ololis ol
a5 plelis (S alis 4 SeSiie 09,5 alis 40
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Woals (5, Lof Juloxs 5 4325
cloud- Lwg NGS gy 4s sais oL Jlg pl& (slaosly
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#WUT.cé)3 5,5 Ul 5,90 Metagenomics,version; 2.4.60.8
5 V3 sSubol asl 51165 IRNA (claoslsy (o) (uSicngijlio
2,5 gases, Greengenes ool oll SaS w1y a8l V4
0dlgl5 il by cdlidus zolaw jd Woojlgilusy (sandils zls
00,8 sl SBLS IS 4y g Jolis Ojgods 455 g (i
£9° 1 S SBeisS (oms Jghd 03 1 sl 5 (Sibes

433,85 Jols Microsoft Excel 2010 ,l33lp 5 o (sdidwsS

o T 5D (§iduwgS pend 51 0300 I SSY !l (S5 L (i g Oluogad -2 Jguo

Non-lactic acid bacteria genus  Lactobacillus  Pediococcus >
% 8/5 %88 % 3/5 o Slgly3
skl S5 Sishrse
. 51C02 Wy
55
2
* * 10°C
* * 45°C
* * 6.5% NaCl
* + pH 4.4
- - pH 9.6
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99 Lactobacillus apis 33-18-31-27-17-15-6-4
100 Lactobacillus ultunensis 30-24-19-16
99 Pediococcus argentinicus 26-25-10-3
ot glulis sbaalis 29-28-23-22-20-14-8-7

o) LedssS 95 g wokubgSY s wiew (mimed Dgd oo £93 (19,50 draly CiS 5l JBius J9Ngo o lwlid

SLadseS Ll e 2 sl £93 3 I iz Glgieds Soger plbs (uidussS
Oyl 5 (A) @ )l IS5 4 65 b aladss | oL 3SL by il s isls 217/008 4 274/690 217/395 s
22 ISy el oaal cuwsdy NGS 1JUT Lawgs oS (B) s)lgs A58 Jols 1, S5 4w j> Miseq platform L illumine
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Lactobacillus apis

‘equicursoris

\| Lactobaciliss cquicursoris
400
0% Faceobactitus delbrucchis

Kingdom Phylum Ciass Order Family Genus Species
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(B) (sidwgs £95 padlid (5551 20 (slelo )l 9 (A) idrsS’ 95 I (029,500 dmole (oo (Jlgl3 jI Gl yoi Ol 2SS



1397 55— ;57 Bojlocs 14 alsr oyl 1l 13 @slio g pole slecdss 4 pis 690

NGS S5 bawgi uir el U SiogigmSU gl )3 (gkiwgS £90 s ySL iyl il -4 Jgso

Sequencing Statistics

Reads Passing %
Quality Filtering

Reads
Passing
Quality

Filtering

217,395 183,531

Classification Rate Summary

Taxonomic Reads Classifiedto % Total
Level Taxonomic Level Reads
Kingdo 183,384 99.92 %
Phylum 182,924 99.67 %
Class 182,646 99.52 %
Order 182,192 99.27 %
Family 181,555 98.92 %
Genus 177,988 96.98 %
Species 159,433 86.87 %

Top Class Classification Results

Number %)
of Reads Total
Reads

Classification

Bacilli 180,798  98.51 %
Unclassified at Class 885 0.48 %
level
Gammaproteobacteria 773 0.42 %
Clostridia 366 0.20 %
Actinobacteria 141 0.08 %
Betaproteobacteria 131 0.07 %
Alphaproteobacteria 111 0.06 %
Sphingobacteriia 85 0.05 %

Top Family Classification Results

Top Kingdom Classification Results

Classification Number of % Total
Reads Reads ‘
Bacteria 183,381 99.92 %
Unclassified at 147 0.08 %
Kingdom level
Viruses 3 0.00 %

Top Phylum Classification Results

Classification Number of % Total ‘
Reads Reads
Firmicutes 181,401 98.84 %
Proteobacteria 1,103 0.60 %
Unclassified at Phylum 607 0.33%

level

Actinobacteria 142 0.08 %
Bacteroidetes 131 0.07 %
Tenericutes 62 0.03%
Verrucomicrobia 21 0.01 %
Thermodesulfobacteria 13 0.01%

Top Order Classification Results

Classification Number of % Total ‘
Reads Reads
Lactobacillales 179,597 97.86 %
Unclassified at Order 1,339 0.73%

level

Bacillales 855 0.47 %
Enterobacteriales 402 0.22%
Clostridiales 284 0.15%
Actinomycetales 103 0.06 %
Pseudomonadales 91 0.05 %
Chromatiales 89 0.05 %

Top Genus Classification Results

Classification Number of % Total ‘
Reads Reads
‘ Classification Number of % Total Lactobacillus 172,659 94.08 %
Reads Reads Unclassified at Genus 5,543 3.02%
Lactobacillaceae 177,860 96.91 % level
Unclassified at 1,976 1.08 % Pediococcus 1,962 1.07 %
Family level Streptococcus 611 0.33%
Streptococcaceae 616 0.34% Enterococcus 360 0.20 %
Enterococcaceae 410 0.22 % Candidatus 207 0.11 %
Bacillaceae 409 0.22% Blochmannia
Enterobacteriaceae 402 0.22% Alkalibacillus 199 0.11 %
Paenibacillaceae 153 0.08 % Cohnella 108 0.06 %
Clostridiaceae 127 0.07 %

Le‘j ks )|9J ol)om L )|)§43 Of'.] )Idrfb e dlﬁdﬁw
g oo 03 LS dged (gl

3 s 3 Cawl 04 ui‘,)l}f)l)i}'3)b dalle ol mls e
gt Sile sy 55 4 IS 13 5 1S5 )3 65 b (o
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equicursoris Unclassified
2372% 1491 % e

Lactobacillus apis 3.30 %
Lactobadillus ultunensis 2.56 %

Lactobaallus taiwanensis 0.83 %

Lactobacillus gigeriorum 0.83 %

Pediococcus argentinicus 0.40 %
——

delbrueckii
5385%
LS5 sy s
Unclassified
1743 %
equicursoris
26.75 % .,_,:. apis

4.55% Lactobacillus tafwanenss 0.89 %

Other

517 % Lactobacillus gigeriorum 1.00 %

Pediococcus argentinicus

delbrueckii
46.10 %
2,155 sl s
equicursoris
23.98 %

Unclassified —

15.03 %

Lactobacillus pltunensis 2.53 %
Lactobacillus tarwanensis 0.85 %
Lactobacillus gigeriorum 0.73 %

Pediococeus argentinicus 0.39 %

—

delbrueckii
5549 %

355 by ol
5553 3 gaihssS £33 (350 dnole 4155 haas 3 (gl gl -3 UK
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Introduction: Nowadays, More people are interested in consuming organic products. Many of the organic
foods and dairy products are produced by rural people and nomads in Iran. Some people are concerned about
using of the contaminated organic foods with pathogenic microorganisms, because some of these organic foods
are produced under poor hygienic conditions. On the other hand, many native strains of probiotic bacteria
especially lactic acid bacteria can be found in these organic foods. In this study, the microbial community and
sanitary quality of ewe’s drinking yogurt produced by Somar region nomads, by using culture dependent
molecular method and next-generation sequencing (NGS), as a new tool for the culture independent molecular
characterization of bacteria, were assessed.

Materials and methods: A total of three Ewe's drinking yogurt samples were collected from the nomads of
Somar region in Iran under sterile conditions. For phenotypic identification of lactic acid bacteria, a volume of
0.1 milliliters of appropriate dilutions was cultured on MRS agar and M17 agar media. The plates were
incubated at 37°C under anaerobic condition with Anaerocult® A for 48 hours. Typical LAB characteristics
colonies were purified by streaking method on MRS agar and M17 agar. The catalase negative and Gram
positive isolates were selected as presumptive lactic acid bacteria for phenotypic identification to the genus level.
These isolated bacteria were tested for growth at 10°C and 45°C in MRS and M17 broth, gas production from
glucose, growth in the presence of 6.5% and 18% of NaCl, growth at pH 4.4 and pH 9.6 and arginine hydrolysis.
Isolates were identified by amplification of the 16S ribosomal RNA gene by Polymerase Chain Reaction and
ribosomal DNA sequencing as a culture dependent molecular method. After DNA extraction of isolates, PCR
was performed using prokaryotic 16S rDNA universal primers 27F (5-AGAGTTTGATCCTGGCTCAG-3) and
1492R (5-GGTTACCTTGTTACGACTT-3). In the next step, the culture-independent molecular method based
on next-generation sequencing of 16S ribosomal RNA gene amplicons was applied. The V3 and V4 regions of

16S ribosomal RNA gene were amplified using Forward Primer
5TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGCCTACGGGNGGCWGCAG and Reverse  Primer
5GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGACTACHVGGGTATCTAATCC Overhang

adapter sequences were appended to the primer pair sequences for compatibility with Illumina index and
sequencing adapters. The Illumina overhang adapter sequences to be added to locus-specific sequences were:
Forward overhang: 5° TCGTCGGCAGCGTCAGATGTGTATAAGAGACAG- [locus- specific sequence]
Reverse overhang: 5° GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAG-[locus- specific sequence]. Both
contained an Illlumina adapter region for sequencing on the Illumina MiSeq System. Then, Illumina sequencing
on MiSeq was performed. The fastq files from the next generation sequencing were analyzed with BaseSpace
(cloud-based software, MSR: Metagenomics, version: 2.4.60.8). This metagenomics analysis classified
organisms from V3 and V4 amplicon using a database of 16S rRNA data and performed a taxonomic
classification using the Greengenes database showing species level classification in a graphical format
(http://greengenes.lbl.gov/). The analysis output was a classification of reads at several taxonomic levels:
kingdom, phylum, class, order, family, genus, and species. The analysis results included tables, cluster pie
charts, phylogenetic trees and bar charts. The average and error bars of the relative abundance (%) of bacterial

species from ewe’s milk and yogurt were calculated using Microsoft Excel 2010 software.

Results & Discussion: A total of 40 bacteria as lactic acid bacteria were isolated from ewe’s drinking yogurt.
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Among isolated bacteria, two different genus of lactic acid bacteria were phenotypically characterized as 88%
Lactobacillus, 3.5% Pediococcus and 8.5% Non-lactic acid bacteria. Isolates were identified by ribosomal DNA
sequencing as Lactobacillus delbrueckii, Lactobacillus apis, Lactobacillus ultunensis and Pediococcus
argentinicus.

The microbial community from ewe’s drinking yogurt were identified on the basis of Next-generation
sequencing (NGS) at genus level as 94.08% Lactobacillus, 1.07% Pediococcus, 0.33% Streptococcus, 0.20%
Enterococcus, 0.11% Candidatus Blochmannia, 0.11% Alkalibacillus, 0.06% Cohnella and 3.02% unclassified.
At species level 24.82% Lactobacillus equicursoris, 51.81% Lactobacillus delbrueckii, 3.61% Lactobacillus
apis, 2.79% Lactobacillus ultunensis, 0.86% Lactobacillus taiwanensis, 0.85% Lactobacillus gigeriorum, 0.42%
Pediococcus argentinicus and 13.64% unclassified were identified. Findings of this study have provided
fundamental knowledge on sanitary quality and microbial composition of drinking yogurt produced by Somar
nomads. Both phenotypic and molecular identification methods showed Pediococcus and Lactobacillus genus as
the dominant genera in these samples. Molecular identification results showed Lactobacillus delbrueckii as the
dominant species. Four species, Lactobacillus delbrueckii, Lactobacillus apis, Lactobacillus ultunensis and
Pediococcus argentinicus were identified by both cultivation-dependent and cultivation-independent (NGS)
methods. Rather, culture-dependent and culture-independent methods were found to be complementary in
describing the microbial community of the ewe’s drinking yogurt produced by Somar nomads. The next-
generation sequencing was found to be more accurate method in detecting the microbial diversity of drinking
yogurt. The results showed poor hygienic quality of ewe’s drinking yogurt from Somar nomads, but there were
no pathogenic bacteria in this product.
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