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Fungal Microbial Community Profiles of Meju, Solar Salt, and Doenjang Using Pyrosequencing

Limgi Lee, Sojeong Heo, and Do-Won Jeong*

Department of Food and Nutrition, Dongduk Women'’s University, Seoul 02748, Republic of Korea

In order to evaluate the migration of fungi into doenjang from its materials, meju and solar salt, microbial
communities were analyzed using pyrosequencing. Dominant fungi of meju were Botrytis spp. (57.94%) and
Dothiorella samentorum (24.08%). Unidentified fungal species (37.53%), unassigned species (32.60%) and
several fungal species of small portion were identified in solar salt. In doenjang, Candida versatilis were
predominantly detected (92.62%). Non-halophilic mold were dominantly identified from meju (low-salt
fermented soybean), while halophilic bacteria and archaea for solar salt and salt-tolerance fungi such as C.
versatilis for doenjang (high-salt fermented soybean) were frequently detected. These results implied that
most predominant fungal species might not be migrated from meju and/or solar salt into doenjang.
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Table 1. Fungal diversity indices of meju, solar salt and doenjang.

Sample name  Total reads  High-quality reads OTUs Chao1 Shannon ACE Goods coverage
Meju 46,226,062 136,769 30 31.0 1.84 0.59 0.99
Salt 75,754,235 196,947 69 69.0 4.03 0.84 1.00
Doenjang 60,568,584 214,061 43 46.3 0.61 0.14 0.99
ACAGG-CATCGATGAAGAACGCAGC-3)3+  ITS4 (5'-X- 7V A ugta, J39 A 9 gkl M A Y

AC-GTCTCGTGGGCTCGGAG-ATGTGTATAAGAGAC
AGTCCTCCGCTTATTGATATGC)E o| &34ttt X&= Z
DNA A Z9] 8-nucleotide barcode®} ACE= barcode?} =&}
o|ME A A3 alinker £ o|tt. PCRE 95T o)A initial
denaturation2 35 AA|3}% 1L, 95T 30% denaturation,
55C oA 30% annealing, 72C 30% elongation= 253] Ht
B 2y 5 54 WeS 99 720 52 Sasat. 22
PCR AHE-& Qiagen purification kit (USA)S 7} 2L A A|
3}, ZF A& PCR AHE 1 mg pyrosequencing 33}
S th. Pyrosequencing-2 Macrogen Inc. (Korea)©] MiSeqTM
platform (Illumina, USA)S AFR3}o] A ZAY] vl L2
et

Pyrosequencing A I}= SeqPurge T 213 [9]& AF&-3}
o ©F ZAS AL, FLASH [10]5 ©]-§3to] sttt
9] Ad=2 ZY3dYrt. Operational taxonomic units
(OTUs)2 CD-HIT-OUT [11]2 o] £3te] 979% o]Are] A<
TS 2= Ag71E 2Rt & &9 OUTE 34
Bl

A& A 23 A4S H o2 A4td SAEA 2,
Al 78] A2 A Goods Coverage?} 0.99 o]0 2 Ho
2A AF T BHE Y5 SES read & E A (Table
1. 2t A& ¥ F FHA(0UTs) /& 30-6971, T 5=
(species richness) Chaol: 31-697]2 AAE|Qict. & Tl
A (species diversity) Shannon< 0.61-4.032.2 A A= T}
Y H Y Chaold}t Shannon 2= W58 HHET £
Fo jpyT FRES HYL HEE F FRE U

St

A BEEEE F(species) TFN A A8 HIEZ 2
o) W3+ Botrytis spp. (57.94%), Dothiorella samentorum
(24.08%), Dothidea spp. (6.34%), Gibberella zeae (5.19%)
o £08 HYrh(Fig. 1). YRHH O R v LHNHOR
AdHA Q= Mucors-E Mucor racemosus (2.28%)2} Mucor
mucedo (0.04%)7} = A 1, AspergillusE&2 Aspergillus
flavus (0.94%)} Aspergillus pseudoglaucus (0.06%)7} &
A= ¢ ch(Table 2). HEHY Afole FAHA F2 F
(37.53%) 1} 7| 8H(32.60%) & &FH Fol 7P ZA A=A s}
31 Botrytis spp. (7.29%), Saccharomycopsis fibuligera
(3.18%), Cladosporium spp. (2.69%), Alternaria spp.
(1.75%)9] <o 2 =it a2 21709 Fo] F2 H]
E2 AEHdh 239 F$ 20719 Fo] FAFHAL, 1
% Candida versatilis (92.62%)7} 7}& 3 A 2R3 1L
Cladosporium spp. (2.38%), A. flavus (1.18%) <22 3]
it

Botrytis spp.= HFolA $HO=Z AN AL E
A HAEG oY, ARoA s TAA FUh. Botrytis
cinerear= WSO A E2] ERIE= 2t F dhtolm[12], o

59 proteaseE At Fo|tH13]. o] g A=
o] g v A Tl d 2R ofw|ikito = Bt
= 7198 Aeg 2HE 4 Yot o AEHE D.
samentorume E= E7|15 ZFA7IE YL A
9l 2™ [14], amylase, lipase 121l protease®} 7+ Q&
HEAE Wol Aikgtttal drajA] §le}[15]. s Zlatol H

Ao u (Unidentified) Broo = u (Unidentified) ¢ 1% — = Fungi spp.
80 | = Other 80 4 = Other 80 | ﬁ = Other
= Ascomycota = Botrytis = Botrytis spp.

60 - 60 - u Candida 60 4 m Candida versatilis
» Dothidea = Dothidea spp.

40 4 40 4 = Dothiorella 40 4 = Dothiorella sarmentorum
= Gibberella u Gibberella zeae

20 A 20 20 A

0 - 0 - 01
Meju Salt Doenjang Meju Salt Doenjang Meju Salt Doenjang

Fig. 1. Fungal taxonomic compositions in meju, solar salt and doenjang. Data portray (A) phylum-, (B) genus-, and (C) species levels
of ITS regions pyrotagged gene sequences found in three samples. The ITS regions with more than 200 bp were classified using the
CD-HIT-OUT at a 97% confidence threshold. The categories over 5% on relative abundance were shown in figure legends.
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Table 2. Taxonomic classification at the species levels showing fungal microbial community of meju, solar salt, and doenjang.

Phylum Genus Species Meju Salt Doenjang

(Unidentified) (Unidentified) Fungi spp. 0.02 37.53 0.02
Other Other Other 0.00 32.60 0.00
Ascomycota (Unidentified) Sordariomycetes spp. 0.00 0.80 0.00
Other Other 0.00 0.42 0.02

Alternaria Alternaria infectoria 0.00 1.15 0.00

Alternaria Alternaria spp. 0.08 1.75 0.14

Arthrinium Arthrinium spp. 0.67 0.00 0.06

Aspergillus Aspergillus flavus 0.94 0.37 1.18

Aspergillus Aspergillus pseudoglaucus 0.06 0.00 0.12

Aureobasidium Aureobasidium pullulans 0.00 0.49 0.00

Botrytis Botrytis spp. 57.94 7.29 0.73

Candida Candida spp. 0.00 0.00 0.01
Candida Candida versatilis 0.00 0.00 92.62

Cladosporium Cladosporium spp. 1.48 2.69 2.38

Clonostachys Clonostachys spp. 0.01 0.00 0.00

Cytospora Cytospora sacculus 0.00 0.00 0.01

Dothidea Dothidea spp. 6.34 0.95 0.57

Dothiorella Dothiorella sarmentorum 24.08 2.23 0.00

Epicoccum Epicoccum spp. 0.50 0.24 0.75

Fusarium Fusarium commune 0.02 0.00 0.00

Fusarium Fusarium spp. 0.29 0.26 0.00

Gibberella Gibberella zeae 5.19 0.00 0.31

Hyphopichia Hyphopichia burtonii 0.00 0.93 0.03

Issatchenkia Issatchenkia orientalis 0.00 0.93 0.00

Neoerysiphe Neoerysiphe nevoi 0.00 0.80 0.00

Nigrospora Nigrospora spp. 0.00 0.00 0.01

Nigrospora Nigrospora oryzae 0.01 0.00 0.04

Penicillium Penicillium spp. 0.04 0.00 0.73

Penicillium Penicillium brevicompactum 0.00 0.00 0.04

Penicillium Penicillium pasqualense 0.00 0.44 0.00

Saccharomyces Saccharomyces mikatae 0.00 0.38 0.00
Saccharomycopsis Saccharomycopsis fibuligera 0.00 3.18 0.00

Stemphylium Stemphylium spp. 0.00 0.42 0.00

Basidiomycota (Unidentified) Sporidiobolales spp. 0.00 0.47 0.00
Other Other 0.00 0.87 0.00

Filobasidium Filobasidium spp. 0.00 0.42 0.00

Fonsecazyma Fonsecazyma mujuensis 0.00 0.50 0.00

Rhodotorula Rhodotorula spp. 0.00 0.00 0.20

Tranzschelia Tranzschelia discolor 0.00 0.78 0.00

Vishniacozyma Vishniacozyma victoriae 0.00 0.20 0.00

Mucoromycota Mucor Mucor mucedo 0.04 0.00 0.00
Mucor Mucor racemosus 2.28 0.00 0.00

Rhizopus Rhizopus arrhizus 0.01 0.00 0.00
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