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) | ABSTRACT

Next-generation sequencing of shiitake, oyster, and king oyster spent mushroom substrates

?Jr;)‘:g:akt;(s)r collected from Chun-cheon, Yeo-ju, Hong-cheon, Gwang-ju, Ui-ryeong, and A-san was
performed. Metabarcoding analysis using amplicon sequence variants was performed

@ OPEN ACCESS to confirm the microbial content ratio in the medium after harvesting the collected
pISSN : 0253-651X mushrooms; the ratio of the contents of various microorganisms in the medium after
elSSN - 2383-5249 mushroom harvest varied depending on the materials added to produce the mushroom
Kor. J. Mycol. 2024 March, 52(1): 61-71 medium. The WPGMA analysis of the similarity between microbial communities, which was
https://doi.org/10.4489/kjm.520107 based on the B-diversity, confirmed that the microbial communities in the substrates of the

different mushroom varieties were similar.
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£olHAl(5.6%), BAIHA(0.07%) 02 B17} ]9l 2021 7|& R} & AYAEF 143,620 &/
dE T ohA ZHAssigioh2]. ol & Akl vlsto] 428 S ulj2] o] W2 Es] fA1 5] 1L
=, HAE $E35 & J-2 v 2| & 58 5 8 ] (spent mushroom substrate, SMS)2+al 5}, lkg——]
HAS AJibsk=t oF 5kgol —rgy—‘?—HHZV]' HAYSHTH3]. SR B4 v 2] of] ol Q= AdRe] 7
% HA Al 717HERE oF 15-25% T YU = FEo| Bl YA & 43 S HjA| 2 HjE 57|
o ot 5 FAECl H|sto] 6] =2 771& S AU Ll oH[4], 715 AtE3H5) &
H]2H6] 22 A& T A7t A G = AL AR HA Bl R] A 2oz 2ol 2, e &, ui g
H]&, ZuA] o] 2|} F7tatet Adolst7 ol A8 4= = A7 | At ook 1
Z710] A 45 S wijx]= AAS 34 2 glo] ZHEE 574 Bl A2 & #|7]skal }lom
[7], ol2i gt 23 ElH] M2l EYFe] A A 2o, o F By 2 2AVA IS 2
237 BAIE EsthS). B2 A7AHE2 20260l HAAIH 0 2 oF 19 E0] 425 S ujj7]
7HEE o2t ookl Qle RHE9], Ml At Q] A&7Hs/d T w1 H7 = AE-g e
U A S el ZFQ-?— HiZ| S aaba o 2 S85h 4= Gl AAt7h Q3 A o|TH10].
HAz7}A| o] 50| 43 T w2 & tALo & njo| 3 ZHfo| -2 BAS RIgYsto] o] We 2
& Aol 7)4ko] El= XP + HH]sE7 o] 12 Aol A= HA B R]ofl X7} A 5ol wat
St Al FRHEE 5L o] & B9t A |71 ANEN 71 7Hs A& ERlsh] flsh
2 AFE FHoIelT) WA 352 31, LR, AjSo|HA Q] =5t = Hlj 2| & o] 8-5to] X}A|TH
H71X Y 24 7] & (next generation sequencing, NGS)= 5-ofl AI7H] Alet 4] H| . 2 B4 S5}
RO, B0 48 S Hi AT Al T4 FARE7EA] SIS
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231 5 viR|2| Al 13

& 475 flsh 2023\ 108 1234 A= 23, §4, A7 = A, ol F, S ot B

e ool x|t 21, =, Aol Al Bt WEsto] £k S iAo AR E FAR R
10792 2 steich A E A& F 5L 3 Aal7Eobd 4] Al A Q1 331 48 S ujjA]
Zre Ao ofa] FAF 9|04 1084 2o, iH-",‘—]El BE NS 7R Sl &
< 570 82 59l 1§ ofo]AdfAo] Yo AP 2 £7] & 4°C Y5aroll A7 shA
NGS B o]a}ah4] 245 UY3I3{ch(Table 1). T2 6332 HA %7P°ﬂ*1 At BiA] 2] Sk
Bl g vl thet 2 Th(Table 2).

Table 1. Basic information on spent mushroom substrates used in this study

Imformation Sample name

C-PG Y-PG H-NT G-NT U-SS A-SS
Mushrooms Shiitake Oyster mushroom King oyster mushroom
Location Chun-cheon Yeo-ju Hong-cheon Gwang-ju Ui-ryeong Asan
Cultivation type Bed type Bottle type
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Table 2. Composition and ratio of spent mushroom substrate used in this study

Material type Sample name
C-PG Y-PG H-NT G-NT U-SS A-SS

Oak sawdust 70 60 90 70 - -
Fermented oak sawdust - - - - 80 80
Rice bran 10 20 8 10 10 10
Wheat bran 20 20 - 10 10 -
Feedstuff - - - 10 - 10
Cotton waste - - 2 - - -
Total 100 100 100 100 100 100

2t 2 HiX|2] NGS &M

42 % ) U] to|zulol e BA S gisto] AHE 43 5 ujA S BRE kA AP
3} ~8-2 o] g3lo] 27 vl 3 Z7ke) 27 W Fakel sampling® WISk 222
DNA &5 9J5ll 48 5 vz 9] A|82 HH buffer (NaCl 4.25 g, Na,HPO, 0.3 g, MgSO, 0.1 g,
KH,PO, 0.15 g, Z*‘Elr'ﬂ 0.05 g)oll ol Aol F 1023 A[3H3let. “12| 31 532-59F 4,000 rpm
2 QARRIS 5 48 3 ulxle] §UL ATk Z7te] 43 % uA] B FastDNA spin kit
for soil (MP Biomedicals, California, USA)AIE-& AH&-oto] 2 wWHilol uet 2&31q0t). 54
DNA sample-2 (FJPF3. 24 (Seoul, Korea)oll 2] 25101 NGS 2412 194513tk Total DNA 220
= DNeasy PowerSoil Kit (Qiagen, Hilden, Germany)E &-85}0] A|&-2] manual©l] wh} 218851}
2% Total DNA= Quant-IT PicoGreen= ©|-8-5}0] st} M, 1%} PCROY| AFE-¥ primer
% Tlumina©llA] A1Z5H= 16S rDNA primer A ([llumina_16S_341F: 5-TCGTCGGCAGCGTCAG
ATGTGTATAAGAGACAGCCTACGGGNGGCWGCAG-3"; lllumina_16S _805R: 5-GTCTCGTGG
GCTCGGAGATGTGTATAAGAGACAGGACTACHVGGGTATCTAATCC-3)Z o] &5t tH11]. 1
2} PCR AHE2 AMPure beads (Agencourt Bioscience, Beverly, MA, USA)Z ZA|$F &, NexteraXT
Indexed PrimerE- AH&-510] Z|E- library 752 913t PCR S-5-= X3ystAct. 22} PCR 2712 10
cycles A|QJstal=[11] 2711 5Y5IRN 2™, PCR AHE2 AMPure beads2 A5 th o] %
gPCR Quantification Protocol Guide (KAPA Library Quantification kits for [llumina sequencing platforms)
of et 2 HAH NHE-S gtk uminaitoll A Al 8-8H= MiSeq platform (Illumina,
Sandiego, USA )2 &-8-5}10] paired-end (2 X 300 bp) sequencingS 35t M, Al o4 Bl &

A& 25l QUME Z 2 718H[12]2 ©]-8-5+9] sequencing Hl°|E] 241 X1 3¥5}3ich

22t 5 HiX|2| a-diversity (Amplicon Sequence Variants [ASV], Rarefaction,
Chaol, Shannon, Gini-Simpson) % B-diversity £4]

Ilumina MiSeq= ©]-&59] Sequencing®] &3t &, Cutadapt ZTZ13H[13]S AF&-5}0d
sequencing adapter A €3} target - A} F 2] primer A LS A7 & Forward A& (Read )2}
Reverse A Y (Read2)S 22} 250, 200 bpE AF2-= Axj2] 114 8s1Qit} 18] 1 DADA2
package [14]5 AF25}F0] Amplicon sequencing T4 2] 275 W7 (error-correction)oF i T}, T}
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a0 2 Paired-end A G- dhe] AP 2 23S H, DADA22] Consensus methodS AR50
Chimera A1 8- A| 75}l ASVsS /oA, o|ml] %| = raw data (read counts)= H-NT: 113,734,
G-NT: 114296, C-PG: 86,860, Y-PG: 103,968, U-SS: 93,898, A-SS: 1023185 EtolE]Qir}. o]2iA| A3
3% ASV Z 350 bp PITH] ASVE A|Qls A Al T4 H|al 2412 25l QIME ZE2 1S
o|gsto] A ME F 2|4 read £ 7| OE subsampling= 285101 normalizationst Tt %]
Z2 02 ZZ9 ASVs abundance?} taxonomy JE 2 QIIMES ©]-&35}9], Chaol, Shannon, Gini-
SlmPSOH | Rarefaction 2Rl &5t0] £35S v 2|} Al 779 & th/d R #5524}

O, Weighted unifrac distanceS- 7|50 2 AME- 7 beta diversity 4f= 7511, WPGMA (Weighted
Pair Group Method with Arithmetic Mean) tree [15]5 81| A2 7H-F-AAIE A|2Hs} 81T

24t 8 uE

)

2 Z iix|2] ASV 24

ASV A 23}, e A ASV A7 ThE 42 - vijx]of Hlsto] w2 glo] Tl
o o] = el H A 2 S w7} Ml th/d 0] ma2 SfWIRITH(Fig. 1). BlE 0] NT (=&t
2))>PG (EIL)>SS (ME0]) & T 2] AR ASV 2k UERE = HNT9F GNTAH 2| -5 A
QJRF U A] C-PG, Y-PG T12] 2L U-SS, A-SS*{ 2] 7t7Fo] H] =3t Alat T /g2 E AT A A2 Sun
(16152 1= 24 /doll thet 25 22 B 77181514 /d 23t pHetal Eakal Q1
o, A7 25w 2kE FAE] DA 7S Sk, HA)E 242 ek Bl

715t & mfo]azHpol & £AZ AYsINE w, BH S ST EYolld = Al 250l -5l
AR, 715 255 71 YoM #3lo] #Al2] E HISssAY, o W e B3
Ch o4& 2 ASVAEA] Bk B AHH A2 T AR B4 FRukeke] v A|of H7hE = A
B7FAFsl 1ol & T /g ol Blsset 2|7k uh2 Al o & T

ASV
1200 -
_ 800 -
=
=
=}
<
400 -
236
0 ‘ ;
CPG YPG HNT UsS ASS

Fig. 1. Count of amplicon sequence variants in six spent mushroom substrates. ASV, amplicon sequence
variants.
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22} 3 BiX|2| a-diversity (Rarefaction, Chaol, Shannon, Gini-Simpson)
=

MA

_ 1

ASV S 7|22 2 a-diversity®] Rarefaction, Chaol, Shannon, Gini-Simpsons #1531t
Rarefaction ] 2] 2] sampling Mol A Uehd= E9] tigh thf/d= B7H 2 ALK 4= AL,
Rarefaction curve S A|23E £ curve7} 2141 0 2 o} 51 A 2j 4t Ule] T-E50] tif-2 AEE At
+ 710, Bt 2 FLE5] A52tthH, of2] AEE|A| 2 B2 Fol Jthe A 9fn|st7|of 1)
AZE TO EA 7Fs/d o R e AT 4 UTH17). & ﬁ:rL | AHE-H 6712] 428} 2 vl 2] A 2]
rarefaction curve®llA}= NT>PG>SS <241 & C}obAS Holth E5| HNTE EHZog =0 2
R g Hol=t, o2 X2l 5o vlsto] Aol FojE= AlZto] A o &2 =317]0) HE
2] 2 v HE T T -3-2 AAFSHCH(Fig. 2). &= T2 o-diversityQ] Chaol, Shannon index-< 4~
27} 245 nAEY] & Aol =2 Ae HYEU=T[18], o] Z2E ASV gt s YsHA =
Ef2]H Al 28 & 82| W2] Chaol, ShannonZ| =7} %] 2] 7L 5 78 352 422 2 LFEFSTHTable 3).
T3} Gini Simpson index+= 001 7745 tf/do] W2 Z1& UL, R & 10 77245
thF/do] =2 A2 9Jn|$htH19]. Gini-simpson index = =E}2| Al =& & v z] Z{ 2|17} 10| 7}
&7 Ao ® el on, £5] 3ol Yx[3 LERIHA 7L H-NTA 2l 4= ASVE 23
St Chaol, Shannon, Gini-Simpson index”} 3-54] 0 2 =2 3] 2 U2 0]-9-5 HZSIAFH, HNT
2|t B4 EjR] 2] Hiehe] = U SR A (90:2:8) % AJATE| =T, TR HAL HijA]
ol Sol71) g2 o] Egtslo] Igick o eke i 57} 3 Su $HE 9 A
o, ¥ el & sh= A& A LJstale thi HH-E ARESEAL Ql=t|[20], A A2 B A i z] 24
Fof| Eo)7k= HY, 94 B4, n13e Mt 5 SAT 41E HH n)gdo] 7Y Alom,
B 123 HH AR Al 7FEQTH21] 2 A A Y HHo] £9tE o 9l HNTH]
257k ohE A 2] o] Hlstod Alite] thAd o] =& o= H|H 29ke] f-Fefal whekEch

N H-NT
N G-NT
. Y-PG
w C-PG

A-SS
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800}
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Fig. 2. Rarefaction curves of 16S gene sequences for six samples of spent mushroom substrate (X-axis:
read number of sequences, Y-axis: number of amplicon sequence variants [ASV]).
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Table 3. a-diversity estimates in six spent mushroom substrates

Sample name Chaol Shannon Gini-Simpson
C-PG 300 54683 0.9423
Y-PG 314 4.8943 09137
H-NT 800 7.1002 09772
G-NT 386 6.0767 0.9526
U-SS 131 3.5287 0.8519
A-SS 235 3.5625 0.8523

2} 2 HjX|2] WPGMA 24

Mt 23 FAEEE Rleh7| sl 2 2] 11t v awsto] AL B-diversity 2t ©]-8-5+0] tree
= A& O (Table 4), 2} 2 2] 7tutct 28k S v 2| E2)5H= Ale2] phylogenetic diversity S
UERARAEE. Lozupone [22,2312 5 2712 AlSol| whe} 52514 Zto)7} l=A] BAI5H7] 95
Uniftac 2 Weighted unifraco]2hH= A2 57 BHS AIFsIRAT). 9] Wil Hld-g E3st u)4y
Bo| 27& vlwsty] Yl 2 $E-e Aol da] 285910, dendrogram®] 2] 7 g4
E A7t oY E 23] FARET S-S 2| n|ShoH24] WPGMA tree—J sampleZt Al &=
Z 8|03 A, o] 57 ¥ 8 & uix|7ke] Al 7o) M2 H|SS5E 1S & 4= QlTkFig. 3).
Jenkins [25]5-2 Lol A= 7HE5HA] 9F2 Blo| @3S =, o] 0} TGA EGo] Zgtsto]
7Nkt & nfo| A2 Htol g B4 FgYste] n g Eo] thld S BRIsteiet, 371e] =7t B9k
of Y= 2 BE 7} 8|5 AEE QUL ol2fsh 23S Bltio] & A3tE s stabd 2
A A s7tollM A E S8 & i) 219 2k 2]2]4, 7]154 2tolo] 7]Q1gH Zio] ofd,
B Z5ol 5] AR i) YR EL] fAM ol BE T AT A TA e Ao R
T o] Hot chofst A oljrfe] 8 & ]S st 7141 £4o] Wasirtal
Ats

Table 4. - diversity matrix value between samples for Weighted Pair Group Method with
Arithmetic Mean (WPGMA) analysis

Sample name H-NT C-PG Y-PG U-SS A-SS G-NT
H-NT 0.0000 0.7695 0.8440 0.9406 0.9380 0.7198
C-PG 0.7695 0.0000 0.1392 0.2788 0.2788 0.9987
Y-PG 0.8440 0.1392 0.0000 0.1638 0.1562 1.0855
U-SS 0.9406 0.2788 0.1638 0.0000 0.0373 1.2092
A-SS 0.9380 0.2788 0.1562 0.0373 0.0000 1.2102
G-NT 0.7198 0.9987 1.0855 1.2092 1.2102 0.0000
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A-SS

0.0187

U-SS

0.1097

Y-PG
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+4 0.4997

H-NT

0.3599

G-NT

0 01 02 03 04 05

Fig. 3. The weighted pair group method using an arithmetic mean tree was used to determine bacterial
phylogeny and diversity within the spent mushroom substrate.

28t 3 Hix|2] 2(Phylum) 42 AlTHE Bl 24

Phylum level©l| A] unclassified S | 2| $H 4| 2] 2] 7Ll 4] = 20 phylum levelo] B-F-5|10H, 71
% A 2l7roteke] 4] 771 phylum level &= 24255+ 2}, Pseudomonadota, Bacteroidota, Bacillota,
Actinomycetota, Acidobacteriota, Verrucomicrobiota, Thermomicrobiota=. WEFHTH Table 5). 7V &=
2 BEE B3l Pseudomonadota= A& 7Hs St GUA7H L EGolA HAJSH= phylim O = &
A JAth26]. £3] C-PG, Y-PGT} U-SS, A-SS ] 2]7Lol|A] Pseudomonadota phylum©| 87% ©1/
2 #e B, PG Y-PGE] HIA] A|2F 240 Al E T TFE A2+ vl 2] Al 2/
Hop 7|2, U719 v 7t =2 AS & 4= St} 5 &Eo] U-SS, A-SSHf+= aH 55
< o] &sto] HiA|E AA3th 3540l =, EaEEHollA AuliE HAlo] =2 ekt
AAE o= At 2k =27, LRt EEoll Blste] =2 Jdel 710l C-PG, Y-PGT} U-SS,
A-SS X 2]FLof|A] 354 O 2 Pseudomonadota phylum©| 2 X =5 HQl 7l o 2 Wk} =
S LEFEH Al 0] 428 T ulj2|= TFE X 2] 7Le] =8t 2 vl 2] of] H]5}o] cellulose, lignin S -2
40| FHaIHaL LA S17]ol[28], et H Al A 27Q1 H-NT, G-NTOl|A] cellulose 51l
ol 5= Bacteroidota?}t Bacillota?} ZY2} &2 H|-E9] 742 HSItH29). £3] H-NTA] 2] FLof|A]
Actinomycetota®| Yot =2 Hl&E ZZ0] H U=t Actinomycetota= cellulose@} lignin A=
sl S22t S She A0 2 A 12 [30], A2 H-NTA 2|t vl A|2F /g =)
Hol ZgHE| 170l AR &l T Alete] o] 4= Z71He Zolgh metEr
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Table 5. Average relative abundance of phylum level in spent mushroom substrate

Phylum Average relative abundance of phylum level (%)

C-PG Y-PG H-NT G-NT U-SS A-SS
Pseudomonadota 87.1 924 27.6 293 99.3 98.3
Bacteroidota 42 1.8 173 60.6 0.1 0.1
Bacillota 03 0.6 39.6 0.0 0.2 0.5
Actinomycetota 6.2 35 144 8.8 0.2 0.6
Acidobacteriota 0.6 03 0.0 03 0.1 0.1
Verrucomicrobiota 0.1 0.1 0.0 0.6 0.0 0.0
Thermomicrobiota 0.1 0.1 0.0 0.6 0.0 0.0

22t 5 Hix|2| 3HFamily) £= MCHX Ha 2

Family level©l|A] unclassifiedS | 2| S, A 2] FLol|A] F 215 family level°] EHFE S
o 1% HFutcke] A9 771 family levels< M55 A3t Yersiniaceae, Erwiniaceae,
Pseudomonadaceae, Sphingobacteriaceae, Flavobacteriaceae, Oscillospiraceae, Paenibacillaceae = LEF
ok, 7 Tl Al 4l o] F3E 5] o Sl A2 h= PG (EAH A 428 3 HIA)2F HNT (=
B 8 = vz o H, SS (AEoHA 8 3 v Ry 2]l Thedeh S H Tk kA
ol B35 HATHTable 6). G-NTX| 2|70l A= Flavobacteriaceae”} g THH O 2 =2 H| &S H
+=U|, Flavobacteriaceae= 2}&-2] 27| A0l G727 0.2 3od5}HH, poteinasestt chitinases2t 7
A4S FHIF SAl A8 22 23t tiAkE A FHIE AL A QTH31]. 3 H- NT21
2| qLof| A= thE A gLl A HE | A] &2 Oscillospiraceae 2} Paenibacillaceac©] 7325 A=t ©]
S+ cellulase, hemicellulase 51+ -2 §45 BH|SHH32= 3542 EXo| lom, f-UsHA|
H-NTA| 2] 7ol Mgk HEH o] f+= vl A] 240l HHo] =170l vehd Aol AlAket
o

Table 6. Average relative abundance of family level in spent mushroom substrate

Family Average relative abundance of family level (%)

C-PG Y-PG H-NT G-NT U-SS A-SS
Yersiniaceae 30.8 39.1 34 0.1 54.8 349
Erwiniaceae 27.8 34.0 0.1 0.0 27.8 499
Pseudomonadaceae 64 49 83 5.0 164 12.6
Sphingobacteriaceac 2.0 0.8 11.5 315 0.0 0.0
Flavobacteriaceae 0.5 02 4.5 27.0 0.0 0.0
Oscillospiraceae 0.0 0.0 5.7 0.0 0.0 0.0
Paenibacillaceae 0.0 0.0 4.8 0.0 0.0 0.0

48 2 HiX|9| £(Genus) = HTHH | 24

Genus level®] 14| 2] EHLOH Al Z 526 genus levelo] EREYlOH, 0F 35202 wo| 2
H 9] 7719] genus level&2 A5 A3}, Duffyella, Yersinia, Ewingella, Pseudomonas, Myroides,
Pedobacter; Ureibacillus = QE}L,&E}. C-PG, Y-PG, U-SS, A-SS ] 2] Lo 4| 2] B 3L H]|-&-2 TH(Family)

The Korean Journal of Mycology 2024 Vol.52

68



Correlation Analysis Study Between Spent Mushroom Substrate and Microbial Community

42 ATA v o BA T} AL ATFE B =T, PG SS X 2] Lol Al AEE Duffyella, Yersinia,
Ewingellax “EF2|H A 4281 3 vl 2] Q1 H-NT, G-NT A 2] Ftol| Al AE = A] A, doid o=z &
2 H| &2 ZolE| o "2 H, G-NT | 2]7Lol|A] 74 Z% Pedobacter %! Ureibacillus= PG2} SS
g ol A AEEA] AL, 22 HlEo] ui-¢- A THTable 7). PG, SS * 2| oll A -2 R g
UERd Duffyella= oF2] /4 @517} a]H]gt A7 o], 2| At HiZ = A4 Ule] ol &
H 235 oot 7154 e 57 }5] Th= 237F JAATH33]. BE0] Yersinia= AFgollA /0]
AL H[34], EOJOH A AG S ke Aol Al o= S e AR5 B 24wt
A/do] glokar Tekst 4= AT 2 Duffyella™t YersiniaS ©]-8-510] A Q] F} Aol

[=A] gelg ”EJ 7} ek, TS HNTH 2] FLol| A Ureibacillus2] £ H|-&0] 34743] =4 Le}
et o] = HH S AR EFR Al =8t 9 B 2|0l A Ureibacillus®] FEH et 5Le 4

e B O [36], HHS ARERH ui 2|2} ARE-oFA] o2 ulj 2| 2] AAHY S Bl S| Ureibacillus
9] 5ol mh2 e A Aadol| that A7 e shrfal e T

l

o)
AR =

i

Table 7. Average relative abundance of genus level in spent mushroom substrate

Genus Average relative abundance of genus level (%)
C-PG Y-PG H-NT G-NT U-SS A-SS
Dufiyella 239 29.8 0.0 0.0 254 473
Yersinia 133 17.6 14 0.0 344 122
Ewingella 14.6 175 1.7 0.0 12.7 184
Pseudomonas 6.3 49 83 50 164 12.6
Myroides 0.0 0.0 19 24.8 0.0 0.0
Pedobacter 1.7 0.6 7.7 11.1 0.0 0.0
Ureibacillus 0.0 0.0 13.8 0.0 0.0 0.0
HQ

HA HjRlell 7kl Aol wel wake 48 & HHZILHJ Aﬂ& 15% gholslo] of |
= H%% ﬁ?mﬂ 7]@6&%}* oq giL T
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