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Volvariella volvacea (Bull. ex. Fr.) Sing.. Firstly, bioinformatics analysis of VvLaeA was
carried out in this study. Subsequently, the V'vgpd promoter and the open reading frame (ORF)
fragment of VvlaeA were amplified and fused by polymerase chain reaction (PCR). The fusion
fragment was cloned into the pK2 (bar) plasmid. The recombinant construct pK2(bar)-OE VviaeA
was transfected into Beauveria by Agrobacterium tumefaciens-mediated
transformation. Finally, the growth and development of the transformants were examined. The
results showed that VvLaeA shared a low homology with similar proteins in other fungi.
Compared with the wild type, the colony diameter of the transformant was significantly
increased. However, the pigment deposition, conidial yields and germination rates were
significantly decreased. The overexpression strains were more sensitive to stresses than that of
the wild type. Further studies showed the conidial cell wall properties of the transformants were
altered, and the expressions of genes related to the conidial development were significantly
down-regulated. Collectively, VvLaeA increased the growth rate of B. bassiana strains and
negatively regulated the pigmentation and conidial development, which shed a light for the

bassiana

functional identification of straw mushroom genes.
Keywords: Beauveria bassiana; Volvariella volvacea; VvLaeA; conidia
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A 1 5T 4 R Si 2H I 42 i S — S A R 15
B R B A AL A, TR A SR
fb, R INRESE & WXE. BRI 1 # [Beauveria
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OYEHERHEST 3 I

gtk RIpH AT HEH 50 pg/mL
FHREE Z M) LB (Luria-Bertani )5 35 2L 01 1 2 5
RAF R AT HE A 50 pg/mL RIRE R LR
A FF B 55 57 #£ (admingrobacterium rhizogene
medium, YEB)BEATH 1 ; FRFLAEE] 1/4 f5 5=
G 1% 3% J& (sabouraud dextrose agar with yeast
extract, SDAY) . Hh 44 54 45 B I IR 15 97 2 (potato
dextrose agar, PDA)I 7r [C 1% FF Kk (czapek—dox
medium, CZA) BT R5FR e R A4 E .

HAb L5 . R A B 5 =X ) )V (polymerase
chain reaction, PCR)5|4¥& il Al AL R ) > ey 48
KIEH B A R AR 5E M ; EastepTM &L RNA
PR &, W H Promage 23 Fl; PrimeScript
RT reagent Kit Jz # 5% #] &, W H TaKaRa A
F; 2xSYBR Green qPCR {5 . Phanta Max
Super Fidelity DNA Polymerase 1 ClonExpress
MultiS One Step Cloning Kit, 1 [ g 5% % ME %
H IR A IR
1.2 A&

121 PCRELE R AR

PIEHE DNA Rt , Vvgpd-F/R 514,
WL PCR kY 3 Vvgpd Ja8h+ . [RIET LB
cDNA WA, Vviaed-F/R H514), #id PCR
FEP G Vvlaed HE[R B9 FF R 2 AE (open
reading frame, ORF). #J5 A Vvgpd-F/VvlaeA-R
JE1Y, VL Vvgpd SR8 FH Vviaed BEIE DI Y
R BOMEERR, JEfTREES PCR UG HIM A B, 1R
P B A5 5 5 1064 T PCR OB R i A il £ . PCR
SR : 95°C 3 min; 95°C 15s, 58°C 15s,
72 °C 1-2 min, 30 Mfi¥F; 72 °C 5 min,

1.2.2 EHFIFHEE

¥amd PCR 7 RAG Rl G A Befn &
EcoR 1 BT pK2(bar) 2 (A #1477 [F] I B 2H 14 %
R 0 B 43 08 SR AT SO TR B ) ) 4 L R S
IR A FE PCR AL H 37 °CLR 40 min, 85
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200 r/min #E3% 1555 2-3 h, I 30 uL RS AT &
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FLUB RS A% 2 PEFT AT Sk AOWE NS Sl As 2 (T AR
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3R A ERAE 26 °C R REFE 10d 5, FHEAR 1 om
AT T AL 3 5 5L R LA — B HUT , 7840 T
WHEIRG , Hil e Bk, Fmeki 2otk
I8, gt it
1.2.7 BBEAERNZE

W ot TR SR R B R 1%10° 4~/mL,
SRIGURAAE CZA K533t [, 26 °CHiF% 8-20 hs
BERE 2 h FHERIAY ] A UTHL 1 emx1 em R/NAGEE
FRAEY, R E BRI T AR IR, A
R R F, R, WML EN 0.01 g/
100 mL SDS 5 3.5% NaCl #-f T/HHAKLER, 7E45 15
VAN B 0 A X s WA D U S o S
12.8 BEZERE

i 18 Wanchoo Z5USI 5 b A7 e R e
ft, HUE PDA Bi3R3E F1EI% 7 d BIBERRIG R
T, EAERHE R 1x10° ~/mL, FHEG
BRI 1-2 pL BEER Y, HRER
B E R E] 20 pg/mL, 7E 26 °CH&AF T YL,
2-3 ho Jeagifijs ik PBS S vhiliieisk 2—
3R, EJER AT EET 0.05%MnkE 80 ¥
W, PETERETEIER

&1 KRS
Table 1 Primers used in the study

1.2.9 48T RNA BIREVFI R 3E 5

HUTE CZA S350 3R 5 d IBARK, WA TR
JE A TITES , FH RNA #0501 G T RNA FIFEHER,
TSR VK T RNA 25 SE 38 RNl
FIFH B s e e d TR s 3kA cDNA,

1.2.10 qPCR /5%

f#i FH77 4 SYBR Green (Bio-Rad)y iCycler
iQ Z (A 5L} PCR Kl R4E 17520 2 1 PCR,
PCR W& ZR (10 pL): RAWIRGW S uL, .
TUES (R 10 pmol/L) 0.5 pL, FakE 20 £%
f) cDNA #i#z 3 uL, ddH,O 1 pL, %008
A ¥95)  PCR LW 2544 :95 °C 5 min; 95 °C 155,
60°C 15s, 72°C30s, 39 MMEH ., FeH AT
Rk VL actin 2%, Vvtublin B3k NS5 T
€, HHRE G YR 1 s,

2 BER540

2.1 E%E VvLaeA EAEH SR

WG BB, VvLaeA #E ¥4 H
390 Mo FLR5E A (amino acids, AA)H M., 7T
it} 43.9 kDa, S5HL A pl o 4.86. VvLaeA H [

Name Sequence (5'—3")

qbrlA-F GACCAGTTCAACAGACAAG

qbriA-R CAGTAATCTTCGTGCTTCTC

gwetA-F CGCAGACGAATTTGACTT

qbriA-R GCTGGTGGTTGAATACAT

qfilug-F TACCGAAGGTCAACAAGGGC

qfilug-R AGACTGCTCCAATTCTGGGC

gBBA _01877-F CCTCGTCTTTGAGTCGCAGT

gBBA _01877-R AGTTCTGATTCTGGCCGACG

gBBA_06297-F ATGTCACGACGCAGACTGTT

gBBA _06297-R CTCGCACGATAGGCGTAAGT

qgVvlaeA-F TTCCACGCGTATGACCACAA

qVvlaed-R ACATCCTCAAATGCCGGGTT

Vvgpd-F CAGCTATGACCATGATTACGAATTCGGAATACTAACCCAGCAATC
Vvgpd-R AAGGGCCCAGTGGCGACATGATGACTTAGGTGCGTAGGAT
VviaeA-F ATCCTACGCACCTAAGTCATCATGTCGCCACTGGGCCCTT
VvlaeA-R TCTTCTGTCGACACTAGTGAATTCTCATGATGACCGCTTTCTTG
actin-F GTCAAGTCATCACCATTGGC

actin-R GAGGAGCAATGATCTTGACC

Vvtublin-F CCAACACTACCGCTATCTCC

Vvtublin-R TTCACCTTCCTCCATACCCT
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SER LT 88 1> aa L HH L RSB S5 Ik B9 ORF {7 PCR @G, #RJ5Hl pK2(bar)Zi ik
(152-239 aa), HHPTEL 154-160 aa X . AT E 2442, 200 EcoR 1 MYIW) 25 K15
178179 aa [X3H . 196-198 aa KIHFN 215 aa fikh  FEALEUA pK2(bar)-OEVviaed (1 2A), F2il
H LA S- IR B B & B (S-adenosyl-L-  THHATHIE , RIRHAKFR T F)F A
methionine, SAM)I 45 437 5. (18] 1A). 14 % [ AR RIT A RGBT, &0

RS BB RS TR . VvLaeA FlH A B E RT-qPCR 7€ 3 5l 4 SRR Vviaed W3Rk
HABE WT 1) 3.0 f5 51 2.7 £5(K 2B), &4~

HEE % o Eﬁﬁ Eiiﬁ%ﬁy/pﬁ% OF Vutaed-12, JAERIFAARIOIRL.
o o 23 BERIE Wled EEE kBB EE
T % B (Lepista nuda) LnLaeA 1 [A] Y5 P A S AEHE
64.1% . 5 °F 1 1 & & 1 (Crucibulum  laeve) PR IKEAL T OEVviaed-1/2 W4y AT
ClLaeA W FIEIEN 62.9% . 5 IKCHE (Pluteus 435 pefh 5|25 5 422 (1) 1/ASDAY .PDA FIE5 571
cervinus) PcLaeA HI[FJIRYEY 66.0% . SR Bpg CZA 0k |, 26 °CHigF 10 d, WIEHTE
(Cordyceps militaris) CmLaeA R[] I8 £ 28 JBAIRNEEENEE KN g5 8RN, Tt
30.1% . SERA MRS BbLacA MRS B(wild type, WDHLL, $24LT OEVviaed-1/2 1E

23.8% (/& 1B). 1/4SDAY il PDA }iFRhk BA KRR, V%
22 BRIASAHHEMNAEERELTFH FLESER, AT HASRX IR 1.28-1.50 £, ™
U3 FHIH 22 5 .3 (P<0.05); Ti7E CZA RHigR%: b

J TS ELGE VvLaeA MIINRE, D4 ARKEEBRFEA T WT B&E N K/NELL,
VIERTE PR R I A R, B H I -3-  HAEREIFARFP>0.05), HEATHOR
WER I A B L Vvgpd RS B 70 Vvlaed 220 DIRRED, HMREIGEEBA AR 3A. 3B),

B
S-adenosyl-L-methionine (SAM) binding site
HmLaeA:
/_/H *{98
154 178 196 215 77 LnLaeA:
59 -——ClLaeA:
7 %
AVvLacA
160 179 198 390
152 PcLacA
S— CmLaeA:
100 I—BbLaeA
239

1 VvLaeA EREMMEEES  A: VvLaeA LM, BAT VvLaeA 19 H BLE AL [l (R ~F 45 H0 38 (B
OrEF)M S-IR FH A% 22 (S-adenosyl-L-methionine, SAM)ZE-G v i (LR Ok T AR LR /RIAL E). B:
VvLaeA FEH ARG LB W HT

Figure 1 Bioinformatics analysis of VvLaeA protein sequence. A: Schematic representation of VvLaecA
protein features. A methyltransferases domain (blue column), and putative S-adenosyl-L-methionine binding
sites as indicated (green column/vertical lines). B: Phylogenetic tree analysis of VvLaeA.
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2 BERIHANUEMBEREEFRNITE A THIIL pK2(bar)-OEWiaed F EcoR 1 #E17
YIBE Pk E. B: i RT-qPCR i i 72 BRAW A B B R e Rk B0 Vvlaed SEREEAL T #: TRk FE
s

Figure 2 Construction of the overexpression vector OEVviaeA and screening of overexpression strains. A:

w

—_

Relative gene expression
S}

(e

Electrophoretic diagram of recombinant vector pK2(bar)-OEVviae4 verified by EcoR I digestion. B: Screening
the transformants overexpressing Vviaed gene in B. bassiana by RT-qPCR. #: Transgenic lines.

A B - \WT
OEWlaeA-1 OEWvlaeA-2 B OEVvilaeA-1

WT 5
=) 22 OEWvlaeAd-2  x
L 4
3
1/4SDAY ?g 3
g 2
>
g 1
°
O 0
1/4SDAY  PDA CZA
PDA C
10 ¢ == WT
2 g =3 OEWvilaeA-1
S i % % =3 OEVviaeA-2
z 6 F * %
Mt =
CZA g" 241
3 ) * ok
g2t
g
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3 BEREIERNORESHT  OEWlaed #bFAK 10 d WETEMIERQA) . HAEK/NB)A= 15
(ORI HT. *: P<0.05

Figure 3 Phenotypic analysis of overexpressed strains. A: The growth of strains cultured at 26 °C for 10 d.
Statistical analysis of fungal colony diameter (B) and conidial yields (C). *: P<0.05.
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Oy RS R BN, 7E 3 MR R B
Ak ¥ OEVviaed-1/2 - filiE [k WT 12 5
ZFEAL(P<0.05), FEBITE CZA Kisfit b,
OEVvlaed-1/2 [ 7= it 438 2.6x107 4> /cm?
1 2.42x107 A~/em?, (U WT 7= il it (i — 2 A
(K 3C)
2.4 HBRIE Viaed EEREKBEBEREN
TEBRFRALE

¥ WT Fl OEVviaed Wtk 53 fF IR AT TE
CZA WiF3E |, ¥id% S h IR EH kR, HE
20 h 5%, OEWviaed Wbk 4T 1) BH & FKik
F| 50%MIRtEIA 14 h, H WT 41Tk
(12 WfERT 2 he FEZS 12, 14 Fl 16 /N,
OEWvlaeA-2 W &35tk WT i & 4%
19.7%. 26.4%7#1 23.0% (P<0.05) (K 4A). }:3%
15 h i}, OEVvlaeA 1/2 FE45h1 0.01% SDS #1 3.5%
NaCl ) CZA }iF 3 i &2, 45 WT i
KRN K 35.0% F1 32.0% 25 A (P<0.05)
(Kl 4B).

125 - OEWviged-1
100 - A OEWviaed-2
75
50 r
25 |

0 1 1 1 1 1 1
8§ 10 12 14 16 18 20

Time (h)

Conidial germination rate (%) >

2.5 FBFRIX Vvlaed EEKRTHBARERE S
A 0 F R AR EE SR R 4T

£ R I TR X B A S 1 R B, R THI B
R A0 L RE NS SR A 75 B A I B 2 iy, I
B R WGA 5 N-C TR IR N- e 22
FAWEIRFR LA TR 456, T GNL 5(0-1,3)
HE@EH TR RS G BHER AL R R, Al
WT HIDOGHREEAR L, WGA 1 GNL 454 OEVviaed
G A S A RE R TR IR A D, R A (K]
5A). [AliF, XTAMMEEERY 2 AN FSER Rk
RN, OB Vviaed At ¥ BBA 02697 i3
KRR WT 19 2.7-3 %, 1l BBA_01877 [HFRiE &
WT % 0.4 £ /245 (8 5B 5C).
2.6 FBFRIX Vvlaed EE T EHARER S
BT L BEHEXERMNRIX

PEMAE CZA R FAEK 5 d TR RNA,
X OE VvlaeA %Ak ~F b 1 fhLAH S BE R 1 2R 368 o
TR . S5 EOR, FAbFrh Bbflug 13RA
ot WT B 045 {544, BbbriA 3Rk 2
WT [ 0.7 5547, Bbwetd HIFERIE WT 1Y
0.36 fis 247 (K 6).

B WT
T OEWvlaeA-1
Z4 OEWviaeA-2

i il i

CzZ NaCl

100

Conidial germination rate (%) %

4 OEWviaeA B FHEMBMFHAELER  A: 18 CZA i FHIE & . B: 7E481 0.01% SDS #

3.5% NaCl AYH§ & %K. *: P<0.05

Figure 4 Conidial germination rates of OEVviaeA strains. The germination rates under standardized condition

(A), and 0.01% SDS or 3.5% NaCl stress (B). *: P<0.05.
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Figure 5 Analysis of the composition of conidial cell wall. A: Fluorescence images of lectin binding profiles
of aerial conidia. Bar=5 pm. B—C: The mRNA level of conidial wall component genes in OEVvilaeA strain.
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& W A A
N N N N
F & ¥ &
6 OEVviaed Wik P =AHEXERNRIESHF  RIEHE CZA BRIk ERFR 5 d Wk RNA, 15
M Bbflug (A). Bbbrid (B)Fl BbwetA (C)H) ik 7t
Figure 6 Expression analyses of genes associated with conidial development in OE V'viaed strains. Total RNA

of fungal strains was extracted after culturing OEVviaeA stain on CZA for 5 days and the relative expression
levels of Bbflug (A), BbbriA (B) and Bbwet4 (C) were analyzed.

3 Wit 30%4 AT, HEA ZA SAM 454145, Tii SAM

BIE VvLaeA JRAMERT S MaZy eI S SRR IR BURY) - (5 T
OBl IR VvLaeA ST EEE AR AR, SAM B SER RS DNA | BiiE
N 60%-70%, HHAEEEEAWREENY  AEARESZAIRY b, R Rk
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R BR shtk, 2524 miEsh ", Bl
SAM & LA AR B AL R AR B TIOR3
SO 2R AR DB 1) K ZERY T TS
PR 5 B4 il 1) B DR 2 R A X0 B 1R PR B8 o [
PERPY 22 R BB R LRSI LaeA 1N 4 Rk
PEE IR 7, A2 22 Rk A Rk PR 72 i 2k A
G W7 A o AR 2R LA O Rk
H 5 (4spergillus nidulans) laed R AAHH
PR E R R I, 51 T RE B P 410 1) 7
A G LRI R AE Y P A R ER BT
W& (Chaetomium globosum) laeA FER ) BRI il
TR A @R SR LT laed BLR
(1 5 A5 AT 7R 3 PR AR G R AR Y
BBk (E R Bblaed WK FBUT IR
Ry EBEL, 1 Bblaed Wyid ik i H 3
I, S EE BUIESE TR Vvlaed FEF W] LIAE
B AR Yy ER A U T P A T R, RERE AL
BRAt R B S KA R R A E . b,
VvLaeA FZNAERAD R Y R TUR, FeAb bk
(ORER /S S T A o A

gl VvLaeA JHELE SH0@EA X, 77
AT R B HUD A BriA GRSl g ok AR
MEE ., BRBRSBUM:MT R T ZH,
I J L TR A B 5 (Aspergillus fumigatus) BrlA it
A DA A A Py a9 A2 i, O R i R 3852
#| VvLaeA 2 4 F % W (Penicillium
digitatum) Apdlaed FE7EVRI " T RE . XK
PEI B U, P IAHDCHE brid. flbA. fIbC.
fIbD F fluG W FR I T AP, BFREH
O IBARI R IR T WetA T3 34 98 1 1 A,
BRI 51 S A0 i BE 25 A S RE DR SRR Y T A
AR AL R [, LA R TR R X 38 B Y
FRURR R T tS2%), B9 R B R B Vvlaed
FER A ERR T, brid. fluG 7 wetd (35
2T, oA i RESS R DN 1 Rk v
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