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Abstract

The wild shachu mushroom collected in desert of Jungar banner, Ordos City was used as test ma-
terial. The species relationship and molecular identification of Shachu mushroom were studied by
morphology and ITS sequence analysis, and the main flavor substances in wild Shachu mushroom
were studied by amino acid analyzer, high performance liquid chromatography and other modern
detection techniques. The results showed that: 1) According to the comprehensive analysis of tra-
ditional morphological characteristics, the wild Shachu mushroom was preliminarily identified as
Coprinus comatus; 2) The ITS sequence clustering of shachu mushroom, 6 species of Coprinus
comatus in southern China and 10 species of shachu mushroom with highly similar sequence ho-
mology on NCBI showed that shachu mushroom was identified as Coprinus comatus. 3) The results
showed that the content of amino acid was 1.952 g/100g, the content of nucleotide was 0.385 mg/g,
the content of acetic acid and citric acid was high, and the content of soluble sugar was 4.5%. 4) 17
kinds of amino acids were detected in wild shachu mushroom, including 7 kinds of essential ami-
no acids, accounting for 49.73% of the total amino acids. Conclusion: Wild Shachu mushroom is
identified as Coprinus comatus, and its main flavor substances are free amino acids, flavor nucleo-
tides, organic acids and soluble sugars.
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1. 518

IORF L e — P A K AE N 5 BV X SR/K 22 B i RS 2K e S (R B AR R B 2 X T4, b
FKHEMA, HERNEFREE L, RS AR IEEEMA T, AR RS T RE, Rk
TE A S 1 RO R A, B AMRBIMERE, MR H Ny “WHRRE” . TR KEWEED EH AR
ARG, BT HEER D T SOS FERR, S EOEH T B A SR SR T . 1258
b, AT 2 V0 5 P 28 5 DA S AE 2 o S AT, o) LA SE IS [ SR A SR Bt R T . M BT
T 2 T AR IR — 5 L B AR AT T R A AR R AT, X N IRV 4 DA R — P
FR RGP GE T A SR = 5k

ITS (internal transcribed spacer)/ 734 #r 2 H T EHE 7 T 52K EETB[1]. ITS 2 HEZHE A
DNA WX, 1ENARgmGIX, HRSZ M ERIER L IRV, MXRAECR, LT 5T 947,
AR T 0 SR B[R F 8 AT 73 R4 e . SRR B T A O gy e N AR 25 T AR BV B AN mT Bk (14
i, [FR S EENERDR . —. SR LERIEREER S EEE, BHEERAY
R B RIS B A 2 2O RIE2]. RV S RS L RME R EERRA TAV (taste activity value)
B, TAV {ERT 1, D508 b S R A S0 %o 12 6t PR XU A HE T DTRR (3] R P 85 R0 A 2 1% 92 (Hligh
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Performance Liquid Chromatography, HPLC) W] LAl 73 Bt 2 RAZ AT ER [4]F A MLER[5] . S EEFR 73 BT 2
X RE R SRR 2 2 B AT /0T (6] TV RE I RT DS 2 T A AT R, R — AT DU SR
IY SRS T IITTVET T N4 T VPN & F B vk, — MR A MRORS 24 5 (Equivalent umami concentration,
EUC) KMl SR o . Wk M EmRon )b R AR R IR 5 5 S EA% RV FAE F Aer AR I EER i B AH 2 T
2 /D UR FE R BT = 2B ) A SR (8]

KSR TGRS ANTS FFHI Wik S VR s s, I BRI A AR B A 2 b7 7 AR V0 A 2 v 2
BERRYR . BN T FIEREE Y2 03 AL DA L RO EESE OB (A JE R, YD RFas (T e
FA I 1 45 THUTE T S (R R A B A 225 B kel

2. M 55%
2.1, SEIMH
BTEE YDA R AR AR R AR 50 2R 22 T AR /K AT R B ZX I3 AR SEIEME A VD, —20° CUKFE A R IRAT
6 MM X Sk BAHEA D BIIE T 208 (TP, b, R, Wi, YIoR%.
2.2. EWEHm

FEH: TNk = BRI (CTAB). L %Y ZFR(EDTA). Tag DNA E&E. Gelview 4R 4«
BE IR EIERMARMEEI . 17 MR IERARE T . B =AW IR AR IEMAERT . IR, A
HUBRFRUE S . 2 REARAETA . FURE A 514 1TSA. 1TSS HiE TAM TR(ER)EIR AR & %. PCR X
N TR Premix PrimeSTAR® HS I+ % HIEAEMHE AR AL AR AH .

2.3. SCIG{N %

{88, S ECHL. PCR Y. BERHIZ 4T 2% . GM-0.20 [BIKE 4. K47 . DHG-9146A H
G TEEFE . H AL L-8900 R /AT A PRI & R G8. S LC-20AT M0l AH i =
T S RENL .

24, S KHBRESEUE
WS A YO ME 3G T SEAR I A KRS A2, AR KRS T B S A B . 26 SN A T A 2%,

A LB EGE f 5 WIS TERE I S HE SR A AN, DR a5 K/ BT L 5 98
R R 1A 95 J5E 45 2% DTS 25 S RFAIE[9] o

2.5. BF4E A aEEELE DNA I2EL

KH CTAB SRV EE UL AR B =/ VL. L. B2 WivL. YLIrr R & R W (4 il krid
S9: YN, IX. SH. FJ. ZJ. JS)[fJ%:H4 DNA [10].

2.6. ¥PHFEE ITS %I PCR 314

PCR 5%): PCR FTHZIM W ITS JFHEH 519 1TS4. 1TS5 B TAY TR ) AR AR &
i, AR : 1TS4:5’-TCCTCCGCTTATTGATATGC-3’; ITS5:5-GGAAGTAAAAGTCGTAACAAGG-3’
[9]. PCR ¥ 14: 50 pl 4 5 %ifA Z: 25 pl Premix PrimeSTAR® HS. 1 pul FFE v #r 55 3L R4 DNA. 1 pl
I 1TS4A. 1 ul 519 1TS5. 22 pl 2818 /K . ¥ BEFE 7 94°C A8 M4 5 min; 94°CA5 14 1 min, 50°CiE K 1 min,
72°CHEMH L min 45, 35 Mg 72°CLEfH 10 min.

N
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2.7. PCR # #4189 46

PCR 438 7 WA il I 28 0 70 D6 06 FE VA M B IR B M2 L DR SR 7 BT, ALl 72 B2 5 K PCR 37 88 7 %
TEHERFERI I, K25 45 NCBI LA BLAST XFEt, d3 R RIVEVEE i PR, 1l v Hr g 1 AR 136
7o

28 FEDMERELEMR

B 7 il P 25 RN NCBI 15 2 2 1) 10 o [R5 i )PP A1 HEAT BT, Al A RSO 8T 511
AR (P 1 MEGA-X BT R S R AR BE M i iAo

2.9. IHFEEE RYIR S A A EERR TN

29.1. IFEEEBRNE
27 Wen Li [11]177 159 1E H O @ AR IEAT IR, (6 L-8900 R AL IR 7 A (I E = AL R &5 &

2.9.2. FEERZHERE
Z 8 S. Beluhan [12]/) 7 VR BUZ EF R, 18 LC-20AT = 2R (i A e i H R & o

2.9.3. BHENE
SR BRISIREUCA LR, 18] LC-20AT 7= BORAH t it SO & A ML & & .

2.9.4. AITAMHENE
ZHREER A [LA TR AR ST R, R LC-20AT 5 RUBAH it A3l e vl VA MR

2.9.5. BERRIEM

{5 A% 24 2 (Equivalent umami concentration, EUC) K PEAN VO i (P E R B A, AR FE BTl 2 1) 2 e 4
FERRAN AL IR RN AR EUC = Yaibi + 1218 (Yaibi) (Yajbj), 15 H yb#F 1k (e vk 5 2 [15].
EUC ARG, g MSG/100g; ai NEFERZIEER(Asp B GIu)AIIKRE, 9/100g; bi MR TR T
MSG FIAHTEF E R %0(Glu = 1, Asp = 0.077); aj NEMIZHFR( -IMP. 5-GMP. 5’AMP. 5-XMP)HJik
[, 9/100g; bj 4 5 R AZ H BRAHXT T~ IMP FRIAR X 6 B2 R %40(5°-IMP = 1, 5’-GMP = 2.3, 5’-AMP = 0.18, 5’-XMP
=0.61); 1218 JPFEI{ER % %[16].

2.9.6. FEIIHFEREREFMNETN

FRAE FAO/WHO F i I Z FE B A RN 4 X9 B B (1 I I U R MRS, SRR VT 73 (AAS) 153 (CS)
SRR ARGHE: AAS = aa/AA(FAO/WHO); CS = aa/AA(Egg) [17]. [XH: aa NiRIGEE S & IERE &
#(mg/g): AA(FAO/WHO)ly FAO/WHO 173 bR sz A & 5 1R & F:(mg/g) s AA(EgQ) A% a8 1 i iz
Fha BL 2 & 2 (mg/g) - |4 75 R L R T B (EAADNRTE T 711 A 30715 : EAAI = (100 752208 t/ 7 52 2 s x 100
R UL s x 100 S22 R 2R s x 100 2K N &R 2R N EEE s) Une [n IR ISR EL t sk
BEARNEER S E: s MR ERREE. ]

3. BZRE 4R
3.1 FEDHERNIREE

3.1.1. HKIFMEMESERER
YoM 28 SRR M T 50 R 22 0 T vHE MG ZR E PG AL 3 AR Y b5, R AR AR B KR, KA IR IR S
A 2 R K SR AR I VD

H
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IR TSR SO BEIAEE, 20 10 em, EARZ 4 om, Wi SRR IO A GEGRK T, BUNL
T, BB RSB W N, T 5 R BT R R BRI B OB AR, RS, Ky
15cm, HEZ2cem. HAREAG, AT 2RO, WMEBOLE ). YE2HBbrsEET Bk R

Figure 1. Morphological map of shachu mushroom

B 1 s asE

3.1.2. PCR #/ #8 /=900 N 5 4547
FHECE ITS 3 514 1TSA A1 1TSS b HF4E#EAT 7 PCR 4 143545 T 7€ 500~750 bp 22 [8] f] 81— 2y
(L& 2).

bp M 1

5000
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Figure 2. The PCR result of ITS of shachu mushroom. M: DL5000 Marker; 1: PCR results of shachu mushroom
2. iDHFEE ITS FF%I PCR 4558, M: DL5000 Marker; 1: ib#%¥% PCR 455R

3.1.3. ITS FFI$ 4

PCR ¥4 =4 4 KB, #331 633 bp Vb 45 ITS P4 (WL 3). 42 BLAST ELXT 43 FIAHLEE
B P H A SRR T R B B Sk <, A A LBE AT IA 98%. AR RAPBI ARG K EN, M
NCBI b~ #Ath 10 AMAHALRE 5 1) B Sk S <7 81 (& 3 5 4. JF907838.1. MIN622775.1. EU326221.1.
KX015766.1. FJ501551.1. EU520190.1. EU520139.1. JQ901433.1. KR733588.1. JQ901440.1).
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AGAAGGGGTCAAAAGTTCAATATTGTTGTCCTTTAATAGGACAGTTAGAAGCAGAACACT 60
ACAGAGAGCGTTCACAGTCTATGGCGTAGATAATTATCACACCGGTGACGGATCGCAAAC 120
GGTTCCACTAATACATTTCAGGAGAGCTGATCTCGAATGAGACCAGCAAACACTCCCATA 180
TCCAAGCCACAACCAGCAACAAAAGCTGGAGGGGTTGAGAATTTAATGACACTCAAACAG 249
GCATGCTCCTCGGAATACCAAGGAGCGCAAGGTGCGTTCAAAGATTCGATGATTCACTGA 300
ATTCTGCAATTCACATTACTTATCGCATTTCGCTGCGTTCTTCATCGATGCGAGAGCCAA 360
GAGATCCGTTGCTGAAAGTTGTATTTTGTTTATAGGCACTGAGGCCCAAATACTTCATTC 420
TACGACATACTAAGTGGTTTATGATAACATAGACCCCAGAGGACGACATGGCAACAAAAA 489
ATTGTCACTAATCAATCCCCCAAGACTACAATGTGTGCACAGGTGGATAGATAAAGACGG 540
CAGGTGTGCACATACTCCTAGGAGTCAGCTACAACCCAACCATGTTTATTCAATAATGAT 600
CCTTCCGCAGGTTCACCTACGGAAACCTTGTTC 633

Figure3. Base sequence in the ITS region of shachu mushroom
B 3. bHEE ITS XIS

3.1.4. ITS B3I Ag ¥E Bz R Sk Al
25 0.8%[I I G WAL FELVKAG I, 7T LA B CTAB VEIREUK 6 43K [ A [F) 1 X (1 6 3k AL R 41
DNA MHHR PCR 381 ITS FAIIITE 750 bp £ 4, kA —M5E, THR(LE 4).
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Figure 4. ITS sequence of 6 areas of the Coprinucomatus. M: DL5000 Marker; 1~6: The PCR results of Coprinucomatus
ITS sequences were obtained from Yunnan, Jiangxi, Shanghai, Fujian, Zhejiang and Jiangsu

4.6 PMIXELRS ITS F5 PCR ¥ #8458 . M: DL5000 Marker; 1~6: SR A=m. ;IH. 58, ®BE. ¥1L.
SIFHESLRSE ITS 55 PCR 458

3.1.5. MFLERM BLAST FHILE xRS

BUOHFTE 1TS 7515 6 4 AN [ XCRAE MBSk J <= 1TS 7751 LA S NCBI AR B i (¥ 10 B3k R
A= \TS FPHIREAT R LG o YORFSE 1TS J7 5T 6 43 AN [F) H X SRAE 1) 6 3k Y = (Coprinu comatus) ¥ ITS J 41 [R5
PEFEIA 100%, 5 NCBI _EESL <= 1TS 741 [F I AR H 97%.

3.1.6. ARG R BEIhER

NCBI i B 5704 1TS FPHARLRE B i (¥ 10 Bk Bk a4, LA 6 MARFEHLX (WL TH =
B . AR TTPE)REMTBLES:, [ MEGA-X 8, K& K4k (Neighbor-Joining method)
PHERGEREMOLE 5). HAZGRKEMTTUUEH, 17 hELRBESNHRL . DS RETH. &
W LI AR, mFE . WL ER RN —3, Kb 5k AL B RSR G RN, 1
HeHE e b AR AL fo 1) 10 BRABCRAE 7 — 32
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4341: Coprinu comatus voucher JFRL81 (MN622775.1)
54 Coprinu comatus isolate ZMM-3 (KX015766.1)

Z L Coprinu comatus voucher SX2014092602 (KR733588.1)
24

Coprinu comatus isolate XSD-19 (EU326221.1)

Coprinu comatus strain CCM9 (JQ901440.1)
Coprinu comatus strain CCM2 (JQ901433.1)

Coprinu comatus isolate NW483 (EU520190.1)
Coprinu comatus isolate SMCC57.01.1 (FJ501551.1)
Coprinu comatus isolate NW413 (EU520139.1)

Coprinu comatus (ZJ)
Coprinu comatus

Coprinu comatus
Coprinu comatus
Coprinu comatus
48 Shachu mushroom
48 Coprinu comatus (JX)

100
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Figure 5. A phylogenetic tree of shachu mushroom based on ITS sequence

& 5. £T TS FIMZRIITERZLEWN

3.2. IHFEE 2RI S A A EERR AN

321 HEERER

PHFEEAE S T 2R R ER(RAER .. FEAR)MEMEERNEAR. HER. 24K, HER) &
FE, HEEEERL RN 41.44%, FH IR TRE BE, U0 2R SR TV 1855 1
A BETTRR(LLE 1),

Table 1. The contents of fresh and sweet amino acids in shachu mushroom

T 1L OOHEFEIHN2HEERSE

R S i (g/100g FFF i) Fr i (g/100g HEEFE &)

Types of amino acids Content (g/100g dry sample) Content (g/100g fresh sample)
KA Z R Aspartic acid 0.214 0.022
A& Glutamate 0.481 0.050
W& Alanine 0.537 0.056
H % Glycine 0.096 0.010
22 71K Serine 0.223 0.023
3% R Threonine 0.401 0.042
S5 Total 1.952 0.203

WE: fEUR(Asp + Glu); &R (Ser + Gly + Thr + Ala + Pro); %W (His + lle + Leu + Phe + Arg + Met + Val); JCi#&%(Cys + Lys + Tyr).

3.2.2. FEEHRZHEER
PHEE RS AR NEE K 5 - IR 5- SR, KIGH 5 -UUEFR, Hd 5 - SRR R E
T R 0 — s TR (L2 2).
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Table 2. The content of 5’-nucleotide in shachu mushroom

® 2. IOEET S -RERNSE

5°- R 5- 191 R 5 -JLH R
5’-adenosine monophosphate 5’-guanosine acid 5’-inosinic acid
1 0.135 mg/g 0.250 mg/g A H
2 0.134 mg/g 0.259 mg/g A H
B1E Threshold 0.5 mglg 0.125 mg/g 0.5 mglg

3.2.3. AR
DRSS TR AR S BEE, LRSIFERMEELE, LR T K, AR,
PURMIR . & SIRAEVDIF 2 & BRI (LA 3).

Table 3. The contents of various organic acids in the shachu mushroom

=3 IHEPRMEIEBRNSE

EEDIN S & 5 (mg/100g T # i) % E(mg/100g B R )

Types of organic acids Content (mg/100g dry sample) Content (mg/100g fresh sample)
442 Tartaric acid 1791.81 184.65
S HE Malic acid 4200.18 212.65
PUIAIMLER Ascorbic acid 614.21 18.29
L Acetic acid 15500.60 540.84
Fr#&#2 Citric acid 10824.87 740.64
& 5 Fumaric acid 34.88 26.05
T P Succinic acid 4299.90 918.10

3.2.4. TIEIERE
ZeITAGIN,  VONF I A RTVEPERE I S RN 4.5%.

3.2.5. BEIKIEM

i EA Y, YRR EUC 14 37.43 g MSG/100g. Hid XUNAE 1 g YO HFE T8 B G772 AL (R vk
SRIEAH T 0.3743 g WRAS P = AL I R . EUC (B 50 9 4 N KF: 3—7K*F4 1000 g MSG/100g + LA
F, 5 27KFH4T 100~1000g MSG/100g T, 3§ 3 KF44T 10~100g MSG/100g T 5, /T 10 g
MSG/100g J& 25 4 /KF[18]. A LLE Hib#r%sJE T 28 3 /K.

3.2.6. FEDHFEEEREFMNETN

PR ERER G EFEE, HRNE] 17 P R (B AR, i ARL R 7, JEw
TR 10 Fh. D F RIS &5 NEER S BN 49.73%, BRI S & 11.369 mg/100mg T+ (A
# 4). 7% FAOIWHO 2 I F AR, 06 7R E B IR & B AE 40% 7 A3 R AR 1 B ot Bt . Vo s 2 11
AERBERTEOEM, 2—MEERSEFEMEFTREM. % FAOWHO FIFsiEfl xS &, ¥
MRk ) EAAI 437124 139.17 #1 105.69 (&1 T WLIIFAEE: 74.46. PIBEE: 86.83. 4-JiFH: 70.97), #iAAYD
Mt b o R R R LUV E B, B S W NARTEAFIRI . B AAS Rl CS FIAN, VDR 1 26 — PR il s S
SERARR, 2R EE R R AR (WK 5).
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Table 4. Total amino acid content of shachu mushroom

% 4, i&‘*fFﬁE*iun:b\'ELgEﬁgE

R irgiES & B (9/100g T i) 5 &(9/100g 4 i)
Types of amino acids Content (g/100g dry sample) Content (g/100g fresh sample)
KA Aspartic acid 1.061 0.111
75218 Threonine 0.597 0.063
22 % 8% Serine 0.500 0.052
% B Glutamate 1.507 0.158
H4& R Glycine 0.509 0.053
WA Alanine 0.906 0.095
[t 2 Cystine 0.195 0.020
S5 Valine 1.323 0.139
%2 M Methionine 0.561 0.059
S E R Isoleucine 0.553 0.058
=& B Leucine 0.850 0.089
fi% % FR Tyrosine 0.475 0.050
KA R Phenylalanine 0.583 0.061
WA Lysine 0.530 0.056
HE R Histidine 0.176 0.018
K& AR Arginine 0.509 0.053
fifi 2 2 Proline 0.534 0.056
15 % & Total content 11.369 1.191
Table 5. AAS, CS and EAAI of the shachu mushroom
5. IPHFEERY AAS, CS. EAAI
RIER DEFEE FAOWHORGL 4wk A EREAOAS) )
Amino acids Shachu mushroom FAO/WHO model Whole egg mode (AAS) Chemical score (CS)
SR Isoleucine 49 40 52.4 1.23 0.94
FLE Leucine 75 70 84.1 1.07 0.89
7% 18 Threonine 53 40 53.9 1.33 0.98
S Valine 116 50 57.6 2.32 2.01
Mﬁﬁoﬁrﬁn: f’lﬁci%f‘ne 66 35 51.2 1.89 1.28
Ph?nﬁiﬁ?n;+gffoﬁﬁne 9 60 955 155 0.97
W Lysine 47 55 64.9 0.85 0.72
B H ARG H(EAAD)
Essential amino acid index 139.17 105.69
(EAAI)
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4. WRELER

THEMEEZ, BEGZHERELN, RBEMBRERIEAMELEN . ITS FHHZ AN
ARSI, JBARgmIG X, FRZ BRIEREME BV, ATUFERZ LS, HTXRAXARME
RN ALK A RIEEE R TS TS JFH T HEARBA 7 AEKAE N 5 78 3 XD B R oA 2
MFEXR, RGEKEWERII S EVLVE R ESRPoE G REUR, AR T 5 A 46 1 A4
YA, B RGREN, RIVLVE. L. L. WWE. oM. WHLNELRRSRN—FELE LR
B, NCBI b7 41 [F) 5 v FE AR AL B Sk AR Ok Rz

AR YOM I REFR IR (R A EIR . AEIR) & &1k 0.695 g/100g, EEHEEM(NER . HER. 2%
5. JREIR) & E=ih 2.494 9/100g. Vi B S IR 2 & F B i R B BRI 2 —, 1R 2 AR By Hf
BRER G B A B A Rk R . RIS RN, WIS R AL, R R R LR S &
4 0.113 ¢/100g. 0.316 g/100g, AKX T VM aER & &, Bk, FAD@ET RN EZER S E, K0
7 v T DA FH TR PO 8 R R e BT AR VDA i SRR A R (O A T AR [19] . BF AR VDR 5 R R AN
5°- 9 HER & & 4> BN 0.135 mg/g A1 0.250 mglg. EREHER 5 HER .. KRR K S ek, —iy
W GE, XA RS &N 0.35 mg/g A1 1.23 molg. T W 2ERZITR BRSO 1 if
W, (H5HARE WEFEAAEL, AP EERZTR S EHARHE. Bk, v LI SRR
A YD B SEURTE T O DUk, AR/

PP ENREEEE, CRSFERNSEEE S THA UM EIE, S ORiEE1E
R, X PR LR AT Be X YO 5 KR R RGBT — @ MERH . SERBA T RS IR, ¥
R A R I EER SR G OC[20], T RGNV TR RN Y AT R0 SRk, PR N A LR AR
—ERE LS5 T EEEE R, AR, PURNER. & SREDHES &SR WARENE
AN E B E R PUEN, IR E4ER C, B SRS ER 2% WINER%RN, ©
e — B FEE LRgm Tk i U, BRFFER I, DR ZEGHIRE L. R, =K. ¥R
B FEBRER . — IR R AR, Hh IS SR e & BE B AR b SRR &
AN S ERm e R, E5a0EMIHRAMTER. F, SEEHE AR
MEBA—, BAEDHEEGHIRI NS E LS LA AWM ZE R, 2 s s DU R R 2
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