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tT

In order to evaluate the diversity and change of bacterial population during the manufacturing
process of traditional soybean paste (doenjang), bacterial communities were analyzed using 16S
rRNA gene-based pyrosequencing. In rice straw, the most important inoculum source for
fermentation, the bacterial sequences with a relative abundance greater than 1% were assigned to
four phyla, Proteobacteria (71%), Actinobacteria (20.6%), Bacteroidetes (4.2%), and Firmicutes
(1.3%). Unlike bacterial community composition of rice straw, a different pattern of bacterial
population in meju was observed with predominantly high abundance (99.1%) of Firmicutes.
Phylum composition in young doenjang was almost same as that of meju. Major genera in young
doenjang were Bacillus (81.3%), Clostridium (6.9%) and Enterococcus (6.3%) and the predominant
species among bacterial population was B. amyloliquefaciens (63.6%). Abundance of the phylum
Firmicutes in mature doenjang was 99.98%, which was even higher value than those in meju and
young doenjang. Predominant species in mature doenjang were B. amyloliquefaciens (67.3%), B.
atrophaeus (12.7%), B. methylotrophicus (6.5%), B. mojavensis (3.2%), and B. subtilis. (2.5%), which
were also identified as major species of the microbial flora in meju. These results suggested that
rice straw was a primary source for supplement of Bacillus species in manufacturing the traditional
doenjang and that some species of Bacillus strains were mainly involved in the fermentation process

of traditional doenjang.
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3 FZE g21g I a7} JATE Pyrosequencing- nucleotide
o] A3 B9t WEE+= pyrophosphate HAEC] WS E
next-generation DNA sequencing -2, Z} A|gol Eo]H<l
barcode system©| pyrosequencing®] =(21)Eel we} =)
M= 7HX|(10), 7 2A48), AE23), WF(11)TY v
AE 37 o] W] o]go] AL YUk o] AT
= % AY9Y 3 AFEFANA A o2 %S
TeE A4 S 3, wF, 4 A9 4 F Az 9AE
A HAolAM Aol 2o HolHAS AR A= 7
A F 2 AlrE] 98-S ofdslet 1 HxE FUth
B2 HE WAl wEt AlzSATE dollA 204K
A3 T 121°C, 5% SA F 12 em x 20 em % 10 cm (W
xD xH) 37|(¢F 2.2 kg)E HIFE AFIAck bk Yl B
(20109 11 AF, 5 I thS 7§ 2 9ol FI
HFE gl #1802 HZ HEH] YXE v 25°C
oA 60Y¢Zt HEAAY. HaEH vHF= THS MHSIY #
o7 & 18% @l Wil 459 3t A &, wiFv 1A
o7 7 Egsto] e Foll HaL, 1009 FF 25°CellA =
319tk Pyrosequencing 438 93l HE, W, Aol 3
A & oz WS A ), §4 F 2GS 44 A=

ek

Hate] Az BES 25 mesh I7|Z 4] % glass bead
beater (MP Bio Laboratories, USA)E ©|-83}] E%F & Fast
DNA SPIN Kit (MP Bio Laboratories, USA)= genomic
DNAE FZ3I9th v 2 £4 A 847 4 = 2938 Al

8+ 7247} stomacher 80 biomaster (Seward, UK)ol|A &3t
T giRoxMe} T2 WHOZ genomic DNAE FE3IATH
et 16STIRNAS] VI, V2, V3 thi 9J9(27-518)& A&
(16)3} fusion forward primer 27F= 5-CCTATCCCCTGT
GTGCCTTGGCAGTC (adapter)-TCAG (key)-AC (linker)-
GAGTTTGATCMTGGCTCAG (27F primer)-3'Z Reverse
518R2 5-CCATCTCATCCCTGCGTGTCTCCGAC (adapter))
-TCAG (key)-Barcode-AC (linker)-WTTACCGCGGCTGCTGG
(518R primer)-3'2.2 A AZE AL, 2+ A9 Barcode=
CACTACGAG (¥3), AGATGCTAG (95, CACTATGTG
(54 A 27, TACGTAGACAG (54 ¥ B3tk DNA
ZSE2 98] 20 wl tubedll 1 ul template DNA, 1 pl 2t
primer (50 pmol), 1 ul NTP (Z} 100 mM), 2 ul 10x PCR
buffer, 1 pl Taq polymerase (Roche, Germany), 14 pl HO
9] Hkg- AJeFS- Y3l thermal cycler (Bio-Rad, USA)°llA]
PCRS S35}tk PCR HH&-2 94°C 53 94°C 30, 60°C
45%, 72°C 15 30%E 10 cycle; 94°C 30%, 55°C 45%,
72°C 1% 30%Z 20 cycle®] ZoA 43331tk QIAquick
gel extraction kit (Qiagen, Germany)E 53l “dA4|$t PCR 4}
E-2 GS Junior Titanium system (Roche, Germany) ¥7]A]
GEA71E 0]831 pyrosequencingS F3Y3FHS™ pyrose-
quencing®] Z 839k WPHI WEEEL A|X3|AKRoche) <]
manual®l] W&} @54 (Chunlab, Korea)ol|A] =385}

Barcode sorting®l] wel E2E 2+ MEEA, GL FLX
software (Roche)E AFE-3}¢] barcode A, primer % linker
E w5 UmR MEe] Zol7} 300 bp ©]3k] AEL EAe]
2] A|£18)31, Hidden Markov Model (HMMER 3.0; http://hmme
r. janelia.org/)Z} BLASTN search & 53l chimera 7] A
&7 16S rRNAZF obd XEEE A|ASIATE EzTaxon
extended database (4)E ©]-8-3}] BLASTN ¥4 AsiAyz
ke A9l oAl A9 hitsS UPFOE pair-wise alignment
Q0)E A3 H DL similarity S 71FE FFHIH THES
TR 3% AE EYX =5 7IF S 2 CD-HIT program
A7& o83t Alm o]l EAlskE F9 <1 operational
taxonomic unit (OTU) & T3kt EA4E4-& MOTHUR
program (27)2 AF&-304] rarefaction curve, abundance-based
coverage estimator (ACE) index, Chaol richness index,
Shannon %! Simpson diversity indicesE¥} Good’s coverage
index (6)E T3l1tKTable 1).

ol B AuwRTERE 2 AT Proteo-
bacteria w°| A A7) AEY 71%=Z 7T Bo] HAHSA
3, OO =F Actinobacteria (20.6%), Bacteroidetes (4.2%),
Firmicutes (1.3%), Armatimonadetes (0.6%), Planctomycetes
(0.6%), TM7 (0.4%), Deinococcus-Thermus (0.4%) <=°]31.2.
o A ATFHY] 90% ©)’dol Proteobacteria®} Actino-
bacteria®O 2 TAEO] AATE & FFAA TS A
© 2 W3t A3} Proteobacteria -0l 43= Pantoea (27.1%),
Methylobacterium (12.3%), Rhizobium (4.0%), Sphingomonas
(3.8%) 3} Actinobacteria’™2] Microbacterium (4.2%)3} Myco-
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Fig. 1. Genus-level abundance for comparing bacterial
communities in rice straw, meju, young doenjang, and
mature doenjang samples.
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Firmicutes -2 A 47] AL 49 1.3%°] S0},
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Proteobacteria, Actinobacteria, Bacteroidetes = $+33] U
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o} AXTK11). Firmicutes 2] & oA B8 Bacillus
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1.8% =5 YEPATKFig. 1.). §3] Bacillus -2 7323} protease
A w2 F2 SEAY A7 8268 E 7HX17] wiiEell(1)
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pyrosequencing A¥NA  Bacillus 42 TR 1.5-
94.1%°] W< Ml AU 4 =AR FUTh g
subtilis, B. licheniformis, B. amyloliquefaciens®] B. cereus
group, Staphylococcus®} 22 Gram 3w} Enterococcus
o} 22 Gram &4 T=°l W3l & AT 54 Ad A=
A e AUIAES Rt BaEG, 7, 9, 12, 15,
26, 28, 30, 3DZ & o), 0|3 FF5ES A Bacilluss
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5% W9 Bacillus® AHZF 3 HIEE 922%°] 23Tt
(Table 2). B Z2HF21 Tetragenococcus halophilus (2.0%)

Table 1. Bacterial diversity indices of each stuff during the manufacturing process of fermented doenjang

Sample Total reads Average length (bp)  OTUs" ACE Chaol Shannon Simpson Goods lib. coverage
Rice straw 5552 433 143 276 215 1.35 0.6 98.9
Meju 2824 488 80 103 106 2.92 0.1 99.3
Young doenjang 1939 505 48 76 63 2.08 0.27 99.2
Mature doenjang 24990 488 221 342 318 322 0.08 99.7

“The operational taxonomic units (OTUs) were defined by 3% dissimilarity.
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Fig. 2. Species-level abundance for comparing bacterial
communities in rice straw, meju, young doenjang, and
mature doenjang.

o] I o &9 tKTable 2). B. amyloliquefaciens®] L5
TFE-2 plantazolicin (28), subtilosin (30), Bacillomycin D

(15)¢ 22 A& HAaSl 3] I 55 e FF =
AES Bvlgka BaEa gtk oF 18% 03% x3ele &
A A% 3 59t B. amyloliquefaciens”} +-HES A +

A8k A(Fig. 2)22 Hol o] 7% JA] E B4 7R

WA G2 7 340 e 996 e 97 e

ARt 7bsAle]l =tk BIE HZ A $AF|E  Proteo-

bacteria, Actinobacteria ¥5-2 WF71E, &4 A & AAS

AXEA 0.03% FF7H] BARART Bacillus$t =2 A=l

A AEE Ad Y T2 AEH S48 A F6ks A
FAHAGCAZ mAA).

T oA R ARl AT HEEE E¥ B
siamensis7} 0.85%(29%)), B. amyloliquefaciens 0.21% (64<])
ATHTable 2). AT HFLE FolAe o] Al H]
o] HAoA =AXY A7 1, 2912 kAL, 9 4
Folle A = 39 57 BT Bacillus EE°] AHA]
AcKFig. 2.). WA Q7 |MAS2RE 249 143 OTUs =
Bacillus <& B. siamensis®} B. amyloliquefaciens o)A
Tk WA B1E & 80 OTUs% Bacillus = 175°] &<l
HATL o5 A TFRIEEE A 89 el 6F
F3holl &K Table 2). wlFollx F712 gld 1559
BacillusE2, W Wt aue] 37y 4k F == Higo g
e FsRE AR FF 4 Aok W= B e T
B kg nAES] HETAY 7}—0‘/‘35 Hﬂxﬂg T A
9k 60 ZF HlF £ Ao AEHQA HES oA
e Foll 7P e e vAES HES AL Bt H
o] MHHS Chaol richness index$} ACE indexoﬂ oz}
&3S |, 215-2769] OTUsE sl Aoz =3ES
3(Table 1), rarefaction curve (Fig. 4.)°|A #2443k 5 5527H

=

9] d7IMY FAME OTUsE UEh = —Mo} e A8
o] vla) o] 71gE =l YAAZY] T3E BE 28 Q?l

kA 23k o=z Jehdth weid wF Aol g
pyrosequencing®] Aol M= VEhtA] AgkAIRE W

250

200
n
2
=
o
—
3]
S
@
g
£
S
=

0 5000 10000
Number of sequencing reads
e Rice straw ==esMeju == « Young doenjang **+*** Mature doenjang

Fig. 3. Rarefaction curves of OTUs defined by 3%
dissimilarity for the four different samples.
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Table 2. Changes in the relative percentage of the bacterial species in Meju, young doenjang, and aged doenjang

Bacterial species”

% of total sequence

Rice straw Meju Young doenjang Mature doenjang
Bacillus siamensis 0.85 32.54 0.1 0.38
Bacillus amyloliquefaciens 0.21 19.19 63.64 67.34
Enterococcus durans 0 11.01 5.98 0.1
Bacillus atrophaeus 0 7.68 8.51 12.71
Bacillus mojavensis 0 6.13 2.99 3.17
Bacillus methylotrophicus 0 4.39 0.26 6.51
Pediococcus lolii 0 2.3 0 0
Bacillus subtilis 0 1.77 2.94 2.45
Clostridium arbusti 0 1.74 6.91 1.62
Pediococcus acidilactici 0 1.1 0 0
Pantoea vagans 5.72 0.07 0 0
Tetragenococcus halophilus 0 0 0 1.98
Brevibacterium halotolerans 0 0 1.44 0.6
Pantoea ananatis 6.36 0 0 0
Pantoea allii 6.36 0 0 0
Pantoea agglomerans 5.93 0 0 0
Methylobacterium persicinum 3.81 0 0 0
Methylobacterium aquaticum 3.39 0 0 0
Quadrisphaera granulorum 3.18 0 0 0
ETC 64.19 12.08 7.23 3.14

The species were selected on the basis of high rank in the percentage of total sequences in each sample
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