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Abstract: [Background] Moesziomyces antarcticus has been extensively studied for its ability
to produce excellent biosurfactants and lipases, while little is known about its expression
elements for genetic manipulation. [Objective] To measure and compare the promoter activities
of all the seven genes of the heat shock protein 70 superfamily in M. antarcticus, and screen out
the strong promoters that can be used for regulating gene expression in M. antarcticus.
[Methods] The gene information on seven members of the heat shock protein 70 family was
obtained from the genome database of M. antarcticus JCM10317. Bioinformatics tools were
used for evolutionary analysis of the heat shock protein 70 family, and key cCis-acting elements
in the heat shock protein 70 promoter (Phsp70) sequences were predicted. The recombinant
expression vectors were constructed by fusing the promoters of the seven heat shock protein 70
genes with the gene encoding the enhanced green fluorescent protein. The positive
transformants were measured for the fluorescence intensity and observed under a fluorescence
microscope, on the basis of which the promoter activities of different members of the heat shock
protein 70 family were compared. [Results] The seven heat shock protein 70 family members
belonged to different subfamilies, and their promoters had different categories and number of
cis-acting elements. Moreover, the average fluorescence intensities of transformants with
Phsp701, PHsp702, PHsp703, PHsp704, PHsp705, PHsp706, and Phspro7 recombinant plasmids respectively
were 12.8, 1.6, 2.9, 5.8, 4.6, 5.0, and 1.5 times of that in the control. The results are consistent
with the fluorescence observation results under the microscope. [Conclusion] The results of
bioinformatics analysis and enhanced green fluorescent protein expression revealed significant
differences in the promoter activity among the heat shock protein 70 family members in
M. antarcticus. Puspror showed the highest expression activity, serving as a strong promoter in
M. antarcticus. Pusproa, Prspros, and Prspros had lower activities than Phsyzo1 but could be used as
alternative promoters for further research.

Keywords: Moesziomyces antarcticus; heat shock protein 70 family; promoter activity; genetic
transformation; enhanced green fluorescent protein
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5 W 54 [ B K 1 (Moesziomyces antarcticus)
J& T B ¥ 1 Bk (Ustilaginaceae) % X 285 74 @
(Moesziomyces) A B, 1% B B fc ¥ 7 S
DARE i ORI AL L sk Y N R 1 eI e
e B2 [ TR A0 ATSE L 03 ), IR AT
DITE 5 A b T O B, R AETE
FRE KR BB AE Z R R AR A 21N 0,
WAL, T R A B R TR BE 8 G il — LT
Yy AR, A iz T ok ik, =
rh— o E 0 AR I S B — Fh R AR A ) R
TE 175 4 70 - 58 AR A &% AR 5 5 (mannosylerythritol
lipid, MEL)'), AT A A B R mE R
MEL 5 B I Hou PREE Jeis 4% , I T4k
b AR AR ALY e B EG SR TR A R
A —Fh AR R RS, b bR JCM10317
7oA T SRR A G X R T R T I R
(polybutylene succinate, PBS)FIH T —fig-C. —.
2 T —lE(polybutylene succinate adipate, PBSA)ZH
P A FH i 5 55 T 2 ) % A 28 L (biodegradable
plastic, BP) ELA #sm i F&fiiG tE ) Aok, %@
PR R R Wi A FR IV B b w5 0 T A Y4k
AR S —FloB G R IR, R AR
ORI E Dol B &) R BN AT 5, SR
T H A 7EIZ P © 0 A] Y R R Rk A oo
P | RO SE IR A, S B0 H AL
Th R FAEE 1% it S i T R 2212

PO U A TE T & 28 A A A
Yrrb ey —For B R, AT A0S T
HEF5 A0 L B8 Jr 1 2 mEAE AT, Hoh ik
FE 1 70 (heat shock protein 70, Hsp70)/2: 4% #4
TRSF Ho 32 e e 1, R sh Pk
W R sm g PRaBaE M, DR e LA R R Rk
i gE sz AN X SR B R B (Ustilago
esculenta) F1 i Y Prep. Pers Paciin 5 10 75738
R B iE PR T AR K B, Hsp70 J5 81

(Phep) J2: 22 35 it 77 o O R s 71900 BT
Hsp70 & 2l FIK s B SRk e Jyoim . FRIBAXT
R IR A, IR N D R AR S R e Rk
KPR T AT I R A5 . FETRR A
i VR BB G B0 7 Thecaphora thlaspeos™!”
354 A N IR Hsp70 SR sh TR T B-1,4-4
VI8 BB L) UeEgll 1 32 3k 8 AA FTkE A
F CRISPR/Cas9 HR4t. LA, AWFFUESE
Hsp70 Ji3 s E A ARSI L], T2
(Porphyra tenera) Hsp70 Ji3 s F AT Ja{x & LAY GUS
JE RAE H 532 M2 B4 38 (Porphyra. yezoensis)
HATA R ERE, TAABELESEN) GAPDH JhghF
FEH SRR EIE R T a s Fis Y, AERki
{8 74 (Beauveria bassiana) {7t % {di JH] K B2
¥y (Ustilago maydis) Hsp70 5 &+ 2 v %
AR R IPY X R Hsp70 J3 31 7 A2 N TR
SRS B, & AT DR i S shF- e HAt ) o
EFERE RS, L, %2 Hsp70 jashT
Xof N7 R A B R T B LA 4% 2K FLAZ A ) it
TR AIR R AT N D RebF Y AT S X
SRS Hsp70 Ji 81 T8k B 2 = ORI B <1 1Y)
JashFooly, SRmbEEE A A, B
Hsp70 2 — R, BITER —AN P iRk
Rl H A 24 Hsp70 i FERMY, FERAPHHE
Py K Hsp70 LG 2235 41 AP, i gE
LT K KB T (Exserohilum turcicum) ' 4
i 25 (Aspergillus terreus)® i /r 1% E HY 11 4NF
9 A~ Hsp70 ZKIGEM b1, BATTHEHE 1 BT K 5 53 i
5 ¢ ML 8 HE FE (protein  family analysis and
modeling, PFAM)H 44 4 24 Hsp70 (PF00012),
Bi24 M IF7E R 261k Hsp70 Ji2 31 B e FHIFSE
i 38 AR B TR G R — A R Y
BT Mg R R,
ANTA] Hsp70 B[R 5 15 i 51 1Y I 3 F 7 511 4% 5+
T 3% 26 5 2 12 I ER A SRR G PE? W&
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X[, AR SON R 5 G PR OB TR Hsp70 A
FIGR I 8 73T T RIBIE TR . 28,
Xt T A e R PR T A % B T Hsp70 K
TG R 5% 1 2 BE IR Fr A EAT Le X, F T A A [
Hsp70 ZEM A Z AR E AR . Bn, @
i AR WA R Tk 3 b e R B T R R A ()
Hsp70 ZKIG 513 sl 1 i S B I oT
WL TS S FiE k. FEMEERT b, iR 5E
PRI IR BDH3-1 435I sE AR Y Hsp70
Je B BT R g s A 4 (55 2 [ (enhanced
green fluorescent protein, eGFP)FRIA A, il
FCREE 2 ORI 3E eGFP 1% G5 Bk T AR
Al Hsp70 S 51 )3 8l 1 Y 2R T P 25 5+

AR

1.1 &

AR B G SR Ry TR IR Bk BDH3-1 Fil Jiit A
pMF-SrHsp70-eGFP ¥4 {47 Hp [ £ b Bk 2 B
BREWFFERT . Hirp pMF-SrHsp70-eGFP J5i ki £
TETEER A E RN K eGFP
PR, Ay 2 T 9 K #F 1 (Escherichia coli)
DH50 &2 A 40 i A 6 i fE L R R
PR F
1.2 EHFE

LB i S(g/L): MEEHREUY 5.0, I
10.0, S4k4h 5.0, BEAE: F3E 5 ImBs K 17.0.
YEPSL ¥5i##3t(g/L): BELREEECY 10.0, H AWk
4.0, HEHE 4.0, Z N HRRPUERREL: AT E
FRIWINA LB gk, 29K 0 100 pg/mL.
IR PSRRI & R BN A YEPSL
R bk, 2%k 200 pg/mL.

1.3 EERFIFNE

Joag s B, B R A R
WAEBRAE ; ZWEZIREE A T RR & D)
Afl 11, 5 HBEAYEARACE)A R A BRI

PEN DI Cla 1, FEECCHRBHL (h EH AR
H); MonAmp™ 2xMonHI-FI HS Mix & £,
v MR A FR 2N w5 T3 Super PCR Mix a5
&, SR AR A A BRA F] . SRR
2, TECAN 24Hl; 9OGRMEL, Leica A,
1.4 FMEREKEHNE Hsp70 KiFKRER
HS

M IGI %04 J# (https://mycocosm.jgi.doe.
gov/mycocosm/home) H 3 B Fg # 52 G SR K
JCM10317 HEtkSHIHF A 7 4~ Hsp70 Kk
B T 8145 B, #E NCBI (https://www.
ncbi.nlm.nih.gov/) 8 & H1 4T BLAST K& LA
HAFAHNLEE T A5 k5 AR 74
I W) Fh B K I B K TH (Ustilago maydis), &
K 22 %h B8R T (Sporisorium reilianumy) . Hf 1 5E
G 223 T8 (Moesziomyces aphidis) | 2 77 B i 22k
7 (Tilletia walkeri) F1# 4t UL 8% £} (Pseudozyma
hubeiensis) i) Hsp70 <% b 2 1150751, 45 1
W S TSR TR SR S Rl Y Hsp70 S0 i b i
TTEAMA (R 1), I MEGA 7.0 FF% g il 54
GRS AP ) Hsp70 S5 % Bt 1) 2
12 17 51 £ 1T neighbor-joining 155 2843 #7 I #4) 4
Z 5t K B W (Bootstrap {E -4 1 000),
1.5 FEREREME Hp70 BRI FEIETH
S

WG TGT K i b pg 52 G R B iR
JCM10317 BEREI 7 4> Hsp70 2 341 S B |
FARN A R AIE N R 37, &R FF
5435 5 vk BDH3-1 SER U7 HEXT, M
143k BDH3-1 /Y 7 4~ Hsp70 Ji3 sh 7741,
R A A B P SRR 5 3ROk 1 M 2 1] Y R
Z, KARAHR 7 A Hsp70 () 8143 il fn 44 h
Pusproi~ Phspro2 Phsproz Prsproas Prspros Prspros -
Phsp707, 1 Plant CARE (http://bioinformatics.psb.
ugent.be/webtools/plantcare/html/) 3 8 F 7 £k 43
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*1 FREREHERIESEYH Hsp70 KK RER
Table 1 The Hsp70 family information of Moesziomyces antarcticus and related species

Yrh 4 P IR P9 E i 4 IR ECR NCBI #5%¢ 5
Species name Amino acid sequence renaming  Amino acid number (aa) NCBI accession number
Moesziomyces antarcticus MaHsp70-1 644 XP 014655775.1
MaHsp70-2 1084 XP_014658722.1
MaHsp70-3 574 XP_014654537.1
MaHsp70-4 619 XP_014655565.1
MaHsp70-5 942 XP_014657791.1
MaHsp70-6 673 XP_014658973.1
MaHsp70-7 1312 XP_014658668.1
Ustilago maydis UmHsp70-1 645 XP_011390235.1
UmHsp70-2 619 XP_011391166.1
UmHsp70-3 672 XP_011387146.1
UmHsp70-4 919 XP_011386916.1
UmHsp70-5 573 XP_011392059.1
UmHsp70-6 660 XP_011387505.1
Moesziomyces aphidis MapHsp70-1 556 ETS64348.1
MapHsp70-2 396 ETS62365.1
MapHsp70-3 917 ETS61203.1
MapHsp70-4 915 ETS60751.1
MapHsp70-5 1070 ETS61164.1
Tilletia walkeri TwHsp70-1 648 KAE8206153.1
TwHsp70-2 629 KAES8268258.1
TwHsp70-3 620 KAES8211441.1
TwHsp70-4 790 KAE8266144.1
TwHsp70-5 921 KAE8266414.1
TwHsp70-6 694 KAE8211740.1
Pseudozyma hubeiensis PhHsp70-1 619 XP _012189617.1
PhHsp70-2 645 XP_012186068.1
PhHsp70-3 572 XP_012191474.1
PhHsp70-4 634 XP_012190629.1
PhHsp70-5 690 XP_012190900.1
PhHsp70-6 917 XP _012192422.1
PhHsp70-7 896 XP_012192629.1
Sporisorium reilianum SrHsp70-1 648 CBQ68406.1
SrHsp70-2 619 CBQ69252.1
SrHsp70-3 573 CBQ70135.1
SrHsp70-4 916 CBQ70325.1
SrHsp70-5 689 CBQ70371.1
SrHsp70-6 671 CBQ70616.1
SrHsp70-7 790 CBQ70961.1
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B It Xof R AR B2 G R A T 7 1> Hsp70 Je 3l 17471
) A I T F TATA-box Al CAAT-box
HEATF 4347
1.6 eGFP EHFIEFHAFHIIE

A& 7 A~ Hsp70 Ji s F FE 81 433l i -4 5+
YESIW AT 385 3h + B B (3R 2), TE5 1 Wik
Uhn 20 bp EE R B T EEH R, S
SCHR 23100 J5 7 i 7% il 52 G SRR B BDH3-1
FI 5L ZH DNA 1E} PCR R ik, AR 514
P14 74> Hsp70 JR 3+ FBe, PCR [ &A1
1A Z 4 18 MonAmp™ 2xMonHI-FI HS Mix i
EUIUIHHRE, MHIRRGIEAYINE Cla 1 #1 Afl 1T
S JERE pMF-SrHsp70-eGFP #E4 7 XU, Mgk
15 28R A ST 44k pMF-SrHsp70-eGFP

Fie BOJCEE s RGN Sl A5 4354 7 4~ Hp70
Ja 8 i B 5 WY1 5 ) pMF-SrHsp70-eGFP

x2 AARPHAERAASH
Table 2 The primers used in this study

kL R B AT M 4, F G W A R A AT IS
DHSo /&7 8400, A A N HH RN LB
PR BE IR He v 37 °Cd 1% 35 77 i 18 FH PR 5% Ak F
B2 RPREFAF IR T oA T HHERNLB
AR B F2 3 37 °C, 180 r/min ¥ K K5 %, H
¥ ST ¥ Hsp70-YZF/Hsp70-YZR %44k 1
#5475 PCR Kz I J57, PCR K 4% 14 Fil ik &
Fie B8 T3 Super PCR Mix a7 & I - #845 .
¥ M od R Th B9 4 ROk A W A &N
pMF-Hsp701-eGFP . pMF-Hsp702-eGFP .
pMF-Hsp703-eGFP . pMF-Hsp704-eGFP .
pPMF-Hsp705-eGFP . pMF-Hsp706-eGFP il
pMF-Hsp707-eGFP,
1.7 eGFP EHFRNEFHERERENE
BN 7 A eGFP B 20 Jiki 5 78 vk b
V5 T A 2 G SRS TR IR 2 A A, 4 I 1 pL
WM 15 mg/mL BHFREA 1 pg SR,

519 R4 PN
Primer Sequence (5'—3") Product size (bp)
Hsp701-F ACCATGATTACGCCCTTAAGGTTGGAAGTTGAACCGAGCG 701
Hsp701-R CCCTTGCTCACCATATCGATGATGGCGATGCTAGATCTTTTG

Hsp702-F ACCATGATTACGCCCTTAAGCTTGCAAGAAGTGGGCGAG 509
Hsp702-R CCCTTGCTCACCATATCGATGGTGGGCAATGTCGAAGC

Hsp703-F ACCATGATTACGCCCTTAAGCAAGGTCAGCACCGAAAGG 516
Hsp703-R CCCTTGCTCACCATATCGATGATTGTATATGTGTGATATGGGGGT

Hsp704-F ACCATGATTACGCCCTTAAGCGTGAATGCTCGATGTATACGG 738
Hsp704-R CCCTTGCTCACCATATCGATGATGACGAAGTTTGTTTTGTGATG

Hsp705-F ACCATGATTACGCCCTTAAGATGACGGCAATGACGAGGG 1376
Hsp705-R CCCTTGCTCACCATATCGATGTTTTCGTTTTGGGGAAGAGTC

Hsp706-F ACCATGATTACGCCCTTAAGGCTTTTTGCATTATTAAGCCCC 1401
Hsp706-R CCCTTGCTCACCATATCGATGGCTGTGTATGAGATGCGGAG

Hsp707-F ACCATGATTACGCCCTTAAGCTCACCAGAGTAAGTACGCCG 1099
Hsp707-R CCCTTGCTCACCATATCGATCCAAGTTGGGCGCGC

Hsp70-YZF CGGCTCGTATGTTGTGTGGA

Hsp70-YZR GCTGAACTTGTGGCCGTTT

B BT b

Overlapping fragments are underlined.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2940 (YIS Gk

Microbiol. China

i 1 I 2 1% (polyethylene glycol, PEG)4\FHY
Ji A Jo A A9 P R W 5 G 2B K ) BDH3-1
A7 IS UM AT e Ak, AE B R RO AR
YEPSL #5575 H 30 °CH5 5% 34 d i ik B % 1k
T, RS PR P B, PR PR R R
Ik b P T VR R S 8 R WA YEPSL
Frgedtdr 30 °C, 180 r/min ¥R %5555 12-16 h iF
1T IR T o

1.8 eGFPRNBE S

FH AL W W B YR B 0 i 1 B P 2 Ak T
WOT % 2 S XK YEPSL Kigi
30 °C., 180 r/min HF#4 KK5iF , H 2 R ODsoo
ikF] 0.6, HL 200 pL R = 96 fLR, TEDOG
AR % 488 nm A& BF 96 520 nm R 434l
I % pMF-Hsp701- eGFP—pMF-Hsp707-eGFP 3t
7/~ R AL TR P98 (W #k BDH3-1
YERXTRR), BEAFESBEE 6 T~ EAE , JF SAS
F1 GraphPad Prism 8 4217 5K 2y 25 40 Hr
MPEK .

FAN, IS B N AR S Ak T
(FFE BDH3-1 fEXT R A9 b G Je (a9l
PG (TR MR ] AT Fo B DA R HoAth S 50
—30), DL AIE Hsp70 J5 313K 5 eGFP 2%
ek,

2 BRS04

2.1 FEAWREREME Hsp70 XixERHL
TSR

M\ TGI B 12 vh AR B A B2 [ SR AR T 7 1
Hsp70 W 2 5027 51 )5 . I MEGA 7.0
AR B AR B A 5 N IR R Y
Hsp70 ZZH 8 51 FL A iE4 T Clustal W 22741 L Xt
HMERG RBEME 1), EAHERE
N A AR B G B R R S T 2 IR Y 38 4 Hsp70

FIEM AT T 74> group (K %), HEHK
LB R 1) 7 A~ Hsp70 FKIGRL 0 70 AHE 7 4>
group W', FH:H MaHsp70-2 . MaHsp70-3 .
MaHsp70-5, MaHsp70-7 #2445 W] J& (1) 457 B
LLECIR M A 1Y Hsp70 K% At RAE TR — 7 32,
UEHIAH L T oA 4 RS BROR UL, XA
Fop K F it . Hsp70 R i s r 4
U R]— R ) Hsp70 ZE05AL S AN [R] (1) IE K it
B, RIS R L G Z A R 8 EA B
WS, HISEEYFh 3L Hsp70 Kk
(O e B R I

22 FEREREME Hsp70 BaFIIETH
DER

Ja s ool R s F IO H R 4, B
AP e R D ae, XHE S FiE A A G
EPERR, AREESh PO RA & B RS
J7 4 45 #4 R AE A1) AR, Hh TATA-box il
CAAT-box 2 FUAZ A= 1y h 38 ik A7 75 F1 5 BE A
BT Iu), TATA-box Al LLBE RNA AN
A, BAAESIEOREMAEM; T CAAT-box
AT L AR, 5 TATA-box H[F] 5
Y 5L K G SRS . TR IR 7
Hsp70 Ji s F IR ou A B 45 R BOR : Puspro
Hh 4 )~ CAAT-box, Pusproo. Prspros H140 A1 &
A 14 CAAT-box Fl 1 4> TATA-box, Phsproa Hh
A 2 4~ TATA-box Fl 1 4~ CAAT-box, Ppgyos Fl
Puspros 55 6 1~ CAAT-box, Pugror 11 2 1~
CAAT-box, ¥kt 7 4> Hsp70 Ji3 351 I B9 ¢ E i
KEMTCIF G AL, Pusproz Phspros Fl Puspror HP
IS A T e R g B i 4 4~ Hsp70
JAshFHER A 34 L 3 AL B =AE o,
Hr Phspros il Puspros T RT & oG 22, HENH:
e B SPS B S v EA RN A A 2 S - = B Rl a2 1
TATA-box Fl CAAT-box JTF 1 4347 W&l 2 Fif 7 o
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Gro up 4

Group D

1 FREREWE Hsp70 KiERGE A BN
Figure 1 Hsp70 family phylogenetic tree of Moesziomyces antarcticus.

P;f\—p?ru —8— . CAAT-box
Ppr 702 — TATA-box
P o .
P o 4 .
P yrpros — — £ —
P 706 s
P o707 .

5 1 1 1 1 137

0 300 600 900 1200 1 500 bp

2 BERERKEME Hsp70 B3I FHAEI TATA-box 1 CAAT-box 77 1F R
Figure 2 Distribution of TATA-box and CAAT-box within Moesziomyces antarcticus Hsp70 promoters.
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2.3 eGFP EHFRAE KRN FIFE
Wi 2 IR S [ G 7 A
Hsp70 J&i 87 F B, i Be R/ N5 BB AR A (] 3)
Fie RETCHE e RN G B E oK, Mtk im i 74>
Hsp70 Jii 3l F B (Pspror—Prspror) 73 1l 5 LAk
i) pMF-SrHsp70-eGFP Jiikr i #3155 L KT
DHSa, XFHALF#E4T PCR KGN, 545 5
JTow, WEHIE & i pMF-Hsp701-
eGFP-pMF-Hsp707-eGFP 3t 7 4~ 41 i ki
£~ eGFP EA Fukitg @ s e, $RHC7 4>
20 JFORL T 43 000 e A A I B T SR TR A7 A
f, LRI BEHLEREL 24 AL T V& UE T
TR, i) IR S R A R
AR (R R IR e 0 B R, R /DS
P BT A e e AR T B (B B BE ) . ik
i e B BAPE R AE 25 R an 3k 3 B, AR
JERE 2 Ak FEAE 2 70.8%—100.0% . HE A ]
J shF S AT Re Xt BHPE TR e RS A 5 . 24 4B
BLTR P& T i ok Je 28005 R i s, Ul
AR O 28 i) i A S e A i
2.4 FHRNFWFREERNF S
A3 BN R R 2 S 04 B AR R
(& EHFK. pMF-Hsp701-eGFP—pMF-Hsp707-
eGFP)I#2¢ Y6 H (i #k BDH3-1 /E Rt i), 4

bp

5000

3 MREKEME Hsp70 B3IF PCR 18
RE

Figure 3 PCR amplified fragments of Hsp70
promoters in Moesziomyces antarcticus. M: DNA
Marker III. 1-7: PHsp701_PHSp7O7~

WFREE 6 RELE . POUEMELE R E 4 Fr
7o ¥ A pMF-Hsp701-eGFP B 241 i ki i 4k 1
DGR, FHROGHERT] CK 1 12.8 £,

% A\ pMF-Hsp704-eGFP., pMF-Hsp705-eGFP
1 pMF-Hsp706-eGFP 21 i ki 1 Ak 1298 %
R, F9OEE 3 CK 1) 5.8, 4.6 Al
5.0 1%, % A pMF-Hsp703-eGFP i 4 ffi ki %% 1k,
FHPEROGEEAL, S CK 1 2.9 £, A
pMF-Hsp702-eGFP il pMF-Hsp707-eGFP 2
BTk A R E RO R AR, [ CK B 1.6 %
1.5 £ A SAS FA4X % AR eGFP &

*3 eGFP EAERNEUBARERENE~EEMELTFIFELSR

Table 3 Screening results of positive transformants produced by transforming Moesziomyces antarcticus

with eGFP recombinant plasmids

JRL 4% R

Plasmid name Number of positive colonies

FEAR I b FHPE RS AL T8O PRt i FRPE R AL T B0
Number of picked

TR B B R AL TRCRE FHER

Number of positive colonies for Positive

in the screening plate positive colonies the second screening rate (%)
pMF-Hsp701-eGFP 85 24 23 95.8
pMF-Hsp702-eGFP 47 24 21 87.5
pMF-Hsp703-eGFP 54 24 18 75.0
pMF-Hsp704-eGFP 68 24 24 100.0
pMF-Hsp705-eGFP 61 24 22 91.7
pMF-Hsp706-eGFP 49 24 21 87.5
pMF-Hsp707-eGFP 53 24 17 70.8
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2H Ok AL T-(F bk BDH3-1 /5 % B8 B 92 Ml
PEAT AR R 204 KRB . AS[A] Hsp70 Ji3 o 7
X3l eGFP SN RIXAE N AR EH2EF
(P<0.05), H:A &tk BDH3-1 378 6 (H 5%
INTHAD 7 DMEA eGFP H 41 Tk i AL - i 2¢
JGAH , 1% A pMF-Hsp701-eGFP i 20 Jii i fit i
b F ot e BB & T b, &5
Bra SRAEW] 1 7 4> Hsp70 J& 8 7 34 HA 5 506
PE, H Puspror I3 PR i -

MAIARAL 7 A4~ Hsp70 Ji3 31 TUK 3h eGFP 3
NZFRIR R, #F—LHE 74> Hsp70 JH 3+
M2 S, EVOLR M T BN &
b F2 R B (K 5). 2% B OISR EE R o
Prspror WR3 €GFP 3 [K 36 1k i ¢ e oif i 5 i
Phsproa+ Phspros. Prspros K8 eGFP i [H ik )

1500~

1 000

500

Fluorescence value

«Qﬁ’p & O
R&Q :2»“3 jQ@Q )2;—9 R&Q }Q&Q )2;—3
FHFIFFSFIFS
¥ R ¥ R ¥ R R
Transformant

4 A[E eGFP FIAH AN L FRITIIR
FE  EPRERFSIRMER 2 ; AFR/NG Pk
FORFES W (P<0.05); BAEHE 6 MY F A
Figure 4 Mean fluorescence values of positive
transformants in different eGFP expression vectors.
Error lines in the graphs indicate standard errors;
Different lowercase letters indicate significant
differences (P<0.05); Six biological replicates per
treatment.

PR LR, Propros WK SN eGFP JE R ik (12¢
IR JETRES , Pusproz. Prspror A1 CK ZH AR ML F
PN D AW ZE 45 J 5 B ARSI 2 1) 't
(A2 RAARAFF, IEW] Hsp70 B K Z & AR
SRR EEA B S, HYP Pugo 2R
TP E B R B

3 WREER

248 = RISV B R T B A )
REAF 5T As (5454 B JE A, Hsp70 Ji sl F AU
PRI TR N IEE 31, 18 PREHORAY R I 4
LB T IR RIS RS, HA7E 1985 4R,
WG G5k R & B AR Hsp70 Ji 8l 7 0 2
58k BLA TG MR, 65 Hsp70 3 3 P 1E Ry i
R AEY RN R IR A s Foobes) iz
fdi I . 78 BK A9 (115 #i (Beauveria bassiana)H , fifi
FH KI5 B T Hsp70 )3 s T 22 7 W) s A 5% 4k
KRR A T8 I Pgan JE B FHAL RS
TiE 60%"; 1E% 11 % 4418 B (Metarhizium
robertsii) U F A Hsp70 J& 31 i 45 GFP
SRR, Al ArSeAER Hep70 J3 )ik bk
TR 8 2% CRISPR/Cas9 Tk 761k 24527,
7 P 3 B3 T (Ustilago  trichophora) Y il o 3 1%
MUK (Ustilago hordei)P! 34 278 Hsp70 Ji5 3
TR R ESEIXT Cas9 EH, 11EBKIK
UK Thecaphora thlaspeos H U J& i 12 F
H S Hsp70 Ji gl i sk s 25 = pirk s e 3
TR BRI X BB A 5T 34 2 G S R — b Y
“Hsp70 Jii 2l 51 f A48 W ff ] T Hsp70 K%
H R — IR IS B o A ST A4 AT
A I L BB B Hsp70 FE i L N J5 8h 1
FFEIRTE MR B, B AR 3k S 35 DR 7 UM P 1
44 Hsp70, HENTME S FHIFEE A
o A SRk
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Bright Green Merged

P ’,,“_

Hsp701
Hsp702
Puqmu
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Hsp704 _

S 4 e ;
P”q,’”j oo - ’
‘ - ‘

P

Hsp706

Hsp707

CK

El 5 A[E Hsp70 BaIFH92H) eGFP /A AN FIOREMBLER  Bright: FIOGEIE T
fi%; Green: LEAYOLIEIE TIASE; Merged: FrfiifiEHE S
Figure 5 Fluorescence observation of positive transformants in eGFP expression vectors constructed with

different HSp70 promoters. Bright: Shooting under white light channel; Green: Shooting under green
fluorescent channel; Merged: Overlapping all channels.

£ Hsp70 Fenl b i 8 51038 AL 05 1T A B R BB TR 7 A Y 22 o R BT Y Hisp70 S5
A o X R AR 5E TGRS S LA R B AT REAE T AL M o7 B B RO TR A e L
Hsp70 ZGILFEMATE ARG L — 2N, HIXSER TR HA AR R D EE |
PrFh N Hsp70 FKGAS A Z [l e P A 22 5% ANFERETEIT BLARBE =4 o i) g il 52 FR OB 1
BR, Al HARIBMZE R, HZE S Hsp70 ZKE 7 N8 3l i SC s A FH oo 4
TEE YR BA S R XU M Je R B4 8 81 N SR T o F A2k
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