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Screening of molecular markers associated with degeneration of
Volvariella volvacea strains

LI Dan-qing, WANG Jie

(College of Food Science ,South China Agriculture University ,Guangzhou,Guangdong 510640 ,China)

Abstract: [Objective] The aim of this paper was to screen molecular markers closely linked to hyphae
degeneration of Volvariella volvacea using sequence related amplified polymorphism (SRAP) technique
and to lay foundation for further cloning and functional analysis of target genes. [Method) Normal Volva-
riella volvacea V51 strains (CK) and 10 hyphae degenerate strains (VNM) were used to construct isogenic
DNA pools by bulked segregation analysis (BAS) method. To find differential fragments between two
types of strains, SRAP technique was used. After being recycled, differential fragments were ligated with
PMD-18T vector. Then,recombinant plasmids pMD-VNMDF were transformed into E. coli DH5a compe-
tent cells and positive clones were sequenced. Based on the identified fragment sequences, special primers
were designed to convert target fragment into sequence-characterized amplification region (SCAR) marker.
Amplification tests of normal growth strains V51 and mycelium degradation strains were performed to veri-

fy the authenticity and reliability of the marker. [Result)] From 81 pairs of SRAP primer combinations cho-
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sen to screen the markers linked to hyphae degeneration of straw mushroom,two could amplify stable dif-
ferent bands. With the primer pairs of Me8-Em4,a polymorphic fragment of 300 bp (named VNMDF) was
found in the degenerate strains gene pool. By recycling,sequencing and sequence analysis,it was found that
the similarities of nucleic acid sequences and amino acid sequences between the fragment VNMDF and the
fragment encoding the 26S proteasome subunits were 81% and 93% , respectively. A fragment of 250 bp
was stably amplified by SCAR-specific primers SCAR250 in hyphae degenerate strains.and it was not de-

tected in normal strains. [Conclusion) In this study,a SRAP marker gene fragment closely linked to straw

mushroom hyphae degeneration was obtained

(SCAR250).

into SCAR marker

successfully transformed
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BLgE (Volvariella volvacea ) &1 B =255 LW
EEEHE WRERE RS R~ B
Jo i B, AR T B S8 L IR R L B2 A  EE NAbR
SRR R T RRY  [R] b A T A
Ll Bl B HOMURR Y 00 B, A K R 1 A3 b 2
Wk R 10 d 247, T L, & R R =l A A T
A A R VDGR . PR, BT g R A 2R T )
UREWRiNT LI

SR TE B 285 1 A 7 S B b, — S 00 R A R R il
JH— B ] s 4k 405 32 LAV st & Lk Al 4k, ™ &
B RR AL G 2 1 gl P AR . AR AR
S AR I A R A TE R R R Y
8 U) A B4 B i e i ) . IR TE R AEAMRRIE S B
R A w2240 55, TR T 22 Mg e 22 R K gL R
Ty B AR VRS Y s A2 RIS s B HER s B E
W EEANRE SR e R R AR R A0 e
TR R B 5 T 22 ORI A T 0 A0 L P T R AR TR
A 5l EFRA . A A RIS A g A
251k DNA iR S e 45 o 0 T 38 1 R IR AL

B H AT RS O T B A AR AL 0 i 5
WA T — & W e 0 EEE T R EOR Y 5
PR 2R 3 At B R A VA BF | it A= Jo 4 fil 5 0 3t % T
FESF AR IEAT AR B R A5 D7 T, HLX SE R E R
3 o R Y 4 Al SR DL R A B BRI S Bk BT T
oS B R AR Ak AL T B 9 5 A 6 T XA
e o A T M2 AR DL R AR AR B B pR DNA 7K
R RAEY W HGE . R A B R R
4 B R 3 4% 43 BT S0 0 B R AR LR B ST RGE

Bl 73 5 A= W 2 0 R R R T 1 bR i g i AR
V) R Gk L 3ot 4% 728 S R 7 L 40 B S e B AR
C o 3T 4 ok BF 58 B9 R 5. A AR 1992 4F Khush
SEUUE IARE FH PCR 4 R # 1 XU 4 14 53 T b
it Ik ,RAPD, AFLP,ISSR,SCAR % 43 F#ric $

A B AH gk R TR s A T R
R I s L= R L 37 N E NS S B O
FEH L R E T AR A A T T PR AR R
2 FEPE 43 AT L DR 60 R0 o B 45 O T R R T LR AR
JH BB K M 2 T 7 8 FH B Y L il AR A 587K
X — S 5T 0 T ARI A R R I T OB I I R
SRAP (Sequence related amplified polymor-
phism) A 8 2 20 1Y 51 W B0 T ) A
o3 R DU B, S PR R B R i 2 K
V- BB LLALAS By Wy B B AR iC R0 OF e
JOOE TR AR A R A AE S AT SR T PR Y
i DNA SERF i, R #l 3 1 ] T 38t 1% 20+
PERFZE 2 0B T IR Y %2, Paran VT K
BT 7 9 85 AF Pk B 18 X 38, (Sequence-characterized
amplification region, SCAR) 73 FHric AR, B & ¥
7= RAPD 73 F 45 iC £ A A7 A8 1 s X F 4K 58
AFLP D) J& SRAP 58 AR AT 2 25V F Be s vl jir
M. 5 SRAP ML, SCAR #5ic Jo i 754 fit %5 2 I
i 306 KA 5 1) o S 1 B i — R B R A B
BYA TG« 38 FH T R A A A iy bR 4G ) A S5 B oz
e, BRSO AR R AR p D . (H 2= A 1 R
DLELK SRAP Fil SCAR 43 F AR i £ AR I H] T FE 4
PR AR AL 5T O T A B . ARWF ST DL A Y T 22
IR b T Pk H TR 22 0 TR R O e A R SR
BEAR 3 B /> M1 1% (Bulked segregation analysis,
BAS)™ JF Ji& # 4% B AP iR 4L 19 SRAP 23 T H iC
G5 0T I AR A (8 B PR e Be kAT 40 A B 3iE o DA o 7 35
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Table 1

SRAP primer pairs in this study

519

Forward primer

IR

Reverse primer

Mel :5-TGAGTCCAAACCGGATA-3'
Me2:5-TGAGTCCAAACCGGAGC-3'
Me3 .5 - TGAGTCCAAACCGGAAT-3'
Me4:5-TGAGTCCAAACCGGACC-3'
Me5:5-TGAGTCCAAACCGGAAG-3'
Me6:5'-TGAGTCCAAACCGGTAG-3'
Me7:5-TGAGTCCAAACCGGTTG-3'
Me8:5-TGAGTCCAAACCGGTGT-3'
Me9:5-TGAGTCCAAACCGGTCA-3'

Eml:5-GACTGCGTACGAATTAAT-3'
Em2:5-GACTGCGTACGAATTTGC-3'
Em3:5-GACTGCGTACGAATTGAC-3'
Em4:5-GACTGCGTACGAATTTGA-3'
Em5:5-GACTGCGTACGAATTAAC-3'
Em6:5-GACTGCGTACGAATTGCA-3'
Em7:5-GACTGCGTACGAATTATG-3'
Em8:5-GACTGCGTACGAATTAGC-3'
Em9:5-GACTGCGTACGAATTACG-3’'

1.2/ i

1.2.1 A B2 DNA 6932 B f DNA by ik #
L gk TR T AR S L TR 24 3R b TR R B DI A B e )
PDA [ R FH L, F 32 CHEEREFE 3~5 d.fF W
22K HR , DRIE 5 R 1Y TR 22 F T SE I 41 DNA
L, FEEILN 4 DNA 4R B0 IR T 25 a0 500 1y
FDEB . &M Altinkut 2% il B 4K 23 85 43 7 7
W, BOX R bR V51 200 pL D41 DNA, #y g
DNA it 1; 80 VNMI1~10 5P 2H DNA £ 20 L %%
HIRA W DNA M 2., F i e b S dric .
1.2.2 SRAP-PCR B B4k & B ¥ ¥4 5 25 L
SRAP-PCR JZ Jii & &, & ANTP(10 mmol/L)0. 5
pL,FEZH DNA (50 ng/pl) 1.0 L, FF51#9 (10
pmol/I)1. 5 pL, N #F5I ¥ (10 pmol/L) 1.5 pl.,
Taqg DNA B4 (2.5 U/ul) 0.5 ul, 10 X PCR
buffer(# 20 mmol/L Mg*" ) 2.5 pL, H 43 W&
K. PCRY BEFEF HJ:94 CHANE 4 min; 94 C78
P£ 1 min,50 CiBk 45 s,72 C#EAf 50 s,32 N F
572 CHEMH 10 min, 7379 R 1. 520 B i5 b
BEIE (2 EB) B UK 4385, FL UK 5 28 FL VK B IS RIS &R 46
(BIO-RAD 2 %)) g4

1.2.3 2ZFABEGLEREAFIMNE S DNA 4§
b 1 it ) & (TIANGEN 23 &) 33 B 45 17 it PCR
Y 2E SR R B, K o s pMDIS-T # ik i
2 o hb) 8 F 2 TR . EE 4 kL A 44 o8 pMD-VNMDF,
¥ AL E. coli DHS o 837 25 41 M, 77 356 14 FH M 5
R ik 2 1l 6 AR W B 2 BB A BR A /Y . Y
455 AE GenBank 1 17 BLASTN Hl BLASTX 8
FIFHAT T

1.2.4 SRAP #7320 #4¢ % SCAR 472 SRAP 4

FhRic B HA SN2 S AT R T R 2,
BRI T H SR AR P2 . T SCAR i ic 45 51k &
SRS . B A S AR 4l 3K A5 1 SRAP 22
SR B RS, FH#E Primer 5.0 ##3F SCAR 4 55
Y. 51h L EER A TRARA RS M., Mk
T SCAR 5 51 ¥ ) B4 1FE % Ak V1 K LT
22 R TR MR IEAT Y1 L BN 8 S 9 SCAR FRid i 1
SefE Al g R, PCR R A 3B J T B B Ok 58
C, HAh 7] SRAP-PCR —3,

2 AR5

2.1 EZHEEFEA DNA B

PRI 22 A= KR AL R s B AR VNM DL KXo B /L
TEE R VS1CE 1)l 5L [ 2 DNA BE B A ik kG Il &%
JERWI DNA 4l B 855, 25 1 58 B, iy B 5% — 3L
JC T W R A B (L 20, R ] DL T ik — 25 4
DNA iz Fi1 SRAP 43 #7 .

2.2 BigE SRAP FRIZHITE %

F 81 X} SRAP 5|4 21 £ %t 1 22 3R 1k 55 4% 18 bk
VNM FIEH 22 1E 5 X B PR V51 9 & [ 41 DNA i
938, R BRI 5| 4 A8 A P 38 &0, i BEk
JEAE 50~2 000 bp, -4 X5 5| ¥y 415 T 94 Hh 24
25 ZIEMiR A (B 3) . REASI WAL 2 P
PRI 3 S A A . 2 3 WER G A 2 X5l
2 FER Bk 3 I 2 DNA i) 77 78 o a2 1) 22 5. 43 )
Me8-Em2 ., Me8-Emd4 . 4" 8 Fx 1 B 1 1y 22 7 45, H:
Hi{l Me8-Emd 7EWM 2RItk h 2 h 1 KR4
HE L K/NI R 300 bp (K 4), 45 2K B 62 I F . 1% 22
S RIRE.
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Bl 1 T 22 3R A 1 AR 3R 0 T ik
AL IR bR V515 B.C.D. ¥4 1 22 IR L H #k VNM
Fig.1 Degeneration characters of hyphae of Volvariella volvacea strains
A is CK(V51);B,C,D are the hyphae degeneration strains VNM
B 2 EEGER BRI ZH DNA By HL IR I 45 5 G 45 55
M. Marker 3;1. V51;2~9. VNMI1~8
Fig. 2 Agarose gel analysis of genomic DNA (part) of Volvariella volvacea strains
M. Marker 3;1. V51;2—9. VNM1—38
1 2 3 4 5 6 M
4500 bp
1300 oo
2000 bp
2000 bp
1200 bp
1200 bp 800 bp
800 bp
500 bp
500 bp
300 bp
200 bp
200 bp

Bl 3 3T 81 % SRAP B ¥ ny Biak s E 4
PCR #8521 G 4r 4550
M. Marker 3;1. V51;2~6. VNM
Fig.3 PCR amplification product of SRAP (part) of
Volvariella volvacea strains

M. Marker 3;1. V51;2—6. VNM
2.3 HFERUMBEXERFENRERNE
By MR ES R B YS pMDIST # /K%
A HE T 4 TR pMD-VNMDF %4k E. coli DH5«
TR 2 A 20 ML O Y PR e RE R R I SRS AR IR
R PR A B E . Wy 2R (B 5) R, A

K 4 FETFHIYX MeS-Emd U HEE LK 4 PCR
E/ W /=R 4
M. Marker 3;1~3. V51;4~6. VNM; &3k /R 2 5 44
Fig.4 PCR amplification products of primer pairs
Me8-Em4 of Volvariella volvacea strains

M. Marker 3;1—3. V51;4—6. VNM; Arrows indicate different bands
Fr BB 279 bp # M4 ) VNMDE, 7 Gen-
Bank s 17 BLASTN #1545 R R i Jr 9l 5
Moniliophthora roreri MCA 2997 26S & [ Bf§ {4 I
3£ ATPase 3 #4r mRNA JF51 (GenBank & 3¢5 h
XM_007846773. 1) BIARMIYE A 8106, E W B E# N
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2X10" 7 ; BLASTX # R 45 R s . 18 1751 5 R4l
1 (Puccinia graminis) 26S & [ fiff 98 75 W 3 6A
& B M K ¥ ( GenBank & 3 5 N
XP_003329145.1) #1 75 X #2 fL ¥ ( Dichomitus

squalens) 268 & [ B 1 W 3% P45 1 & 5 W2 Iy 4
(GenBank & 55 XP_007366306. 1) AL M # Ky
93% E WIS #R N 4 X107, HULHfEM ., VNMDF
R AT RE 5 2 1 26S 2R 1 A4 T AT 56

TGAGTCCAAACCGGACCG GAGGAG GGCAGGATC CAAAATATCTATA CGATTAGTGGCGGCGATG
ACCTAGGC GAGATTGATCAGCCAA AAGGGGAGAACAAGGAGGAAGGACGTGGTAATACCTTAATTCGA
TCATCACTGCTGAAACCGTCTAATTGATTTAGTAGT TCCAA CATCG TGCGCTGCACTTCTCAATCACCAC
TCTTCTCCGAATCGAAT CGCTTAGTACCAATGGCATCCAGCTCAT CAAT GAAGATAAT TGCAGGGGCC
TTCTCCTTGGCTAATTCGTACGCAGTC

Bl 5 B SE AR id VNMDF ()75
TR A Ky SCAR250 514 %t T 5
Fig.5 Nucleotide sequence of the specific genetic marker VNMDF of Volvariella volvacea strains

Underlined is sequence of SCAR250 primer

2.4 E#E SCAR #RiZHITFIE

45 SRAP ¥ 3 i #¢ 5 7 Bt VNMDF 1yl J3
%5 (GenBank % 5% 5 . KJ935906) , % it SCAR 4
5] ¥ % SCAR250 (SCAR250-F; 5'-CAAACCG
GACCGGAGGAGGG-3',SCAR250-R .5 -TCTTC-
ATTGATGAGCTGGAT-3"), % &5 4% 1 22 18 1k 14
R 5 X HE Tk i DRt 0 AT e 2 SR A TR 22 R ko
T DAL DRt rh 4 KB 24 Oy 250 bp BB — 4%
T T 7 X R TR R S RSl b R T s 4. X 8 A

1 2 3 4 5 6

600 bp
500 bp

400 bp
300 bp

200 bp

100 bp

W22 B TR RS 4 % BREE AR 2R AT 7 B A, 25 2R
R IZ G PR TE R R 2 B AR R R 1 SR
FoUE W RE S 44007 . K EE R 220 250 bp, 5 A BEK
/NC279 bp)— B, 1 X BB MR b Sy 2R 9748 o AH R Y
Foali (B 6) . R E MK % SRAP #ric # Ly
SCAR #7518 ¥ Hefin 44 - SCAR250, H1F SCAR ¥x
TCTE R A TR b 09 45 5 L HE DU 345 1) SCAR Frid
T BE 5 R g TR 22 A R A PR

250 bp

Bl 6 5ltric SCAR250 78 % 8 AN TH 22 1B fL B AR A 4 A HE P& #k v i 7 386 45 1
1. Marker 1;2~9. B 2B L #k VNM;10~13. % BB (V5D

Fig. 6 Amplification of primer SCAR250 for 8 degenerative strains and 4 CKs of Volvariella volvacea
1. Marker 1;2—9. Degenerative strains VNM;10—13. CK (V51)

3 TheS%e

B 1 A 7 2 R v TR R R AR R 2 Al
PETF R — SO, B FH TR R A 3R b 0 AR T a8t %
AR SR RUUE TR 22 @ WK IR SR A A B S T 4
W22 2 ¥ BER 53 85 43 17 1 (Bulked segrega-

tion analysis, BSA) 4 1991 4F ff Michelmore %5V
P ASHT T LE A 12 25 N 41 DNA IR 43 b i 28
PR RE 4 B AR (X BT bR VST R 22 0B Ak T Bk
VNMI~10) AHE H 0K BT . HLH A 4 4R 2
A — 2, 3 R R A A T 0 2 ) 5 R 22 0B Ak R g AR
ARG DNA 22 5, SCRT LU 45 ) 8] /> T AR &
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AT 5 A5 T B 3k TR 22 3R Ak A R 55 0T R TR v A R
17 PCR 9734 rh & L, b i SCAR250 A 14
22 3R Ak T PR 55 TR S oA B B X R TR R R R
ey B, ] SCAR250 #5iC Al fiE 2 1 22 8
A0 2 TR R B R R AR O s BE S HEAT T ORE GG 8 AN 4
AR RR 5 4 S X BR300 U 45 ST A R4 T
22 3B Ak SRR F8 A7 7E SCAR250 FRic, i 4 A X #8 2f
PRI TC MR D, I 8 25 R — 2P T EaR W .
F Bt VNMDF J&3if 37 SRAP 5| #) %} Me8-Em4 3 i
T AR A5 04 o g S PEAR 22 , K I AS il FR1 b 7 ot ik ik 1
F% T SCAR #7ic SCAR250, SCAR #7id 143 %
SE.LE R b H A R R AR g
SCAR250 #ict H 7 X a7 5 42 B 1) B4 & DNA
11 PCR #24E , B AT FE L /N B P 56 7 78 4 1Ak 110 2
Ll

#E— 2L X% 153 8 19 47 id - Bt VNMDF 3 17 )5 31
I3AT R ARG S 26S A B A I I A B R ¥ 5
IR T 9 IR = L 4300k 8100 93 %6, 12
2 /26S 1 1 B 1K & 4t (Ubiquitin-26S proteasome
system, UPS) J& 4l il N 8 %2 1) 25 (1 5L B ik R 2
CEERERZ R 2 RGN 2 BN
A 268 B BG4 B . e T T AR R R
[ J8 % (Turn over) ol B ff AS 1E & 8 (1, SCELXT 2 Fp
AR R R . DR 0 R O 22 A R AR T
PRAT RE S B T 4% 26S 1B 1R 5L 1) DNA J3 51
RAERARGIRM .,

ARG i SRAP $ A, X 5 4% I % B #k Vol
5HHE 2B L Bk VNM 19 35 [ 41 DNA 317 5
Br . S5 L B 1 577 TR 2Bt bk, B 5 &
i R 22 R AE W] e T K OCHK Y SRAP FRic . If i)
P H AL SCAR #3ic iZARiE T 51 5 26S & i
PR R 1) A% R e 3 R R R I 9 A A AR e 11 A A
PE ABXS FIZ AR 1052 ) B R 22 38 Ak i ELAR AL L A7
r ik — LY .
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