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Electroporation-mediated transformation of Sclerotium rolfsii

PAN Xiaohongl, LIU Jianingl, LUO Fengz*, CHANG Pengl*
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Abstract: [Objective] To establish an electroporation-mediated transformation method for the
economical and rapid genetic transformation of Sclerotium rolfsii. [Methods] The fusion
protein expression cassette composed of the basta-resistant gene bar and the red fluorescent
protein gene DsRed Max, controlled by the promoter of the native gpd gene, was transferred
into the wild-type cells of S. rolfsii. The transformants were screened and validated by PCR and
fluorescence observation. Further, we tested the transformation efficiencies under the different
conditions of field strength, pulse time, and the ratio of foreign DNA fragments to recipient
cells, to figure out the optimized electroporation parameters. Finally, we transformed the
expression cassettes fusing multiple resistance genes and DsRed under optimized conditions to test
their availabilities. [Results] The transformants carrying gene bar, sdhR, and aphl were obtained
successfully. [Conclusion] The electroporation-mediated transformation method of S. rolfsii was
successfully established. The optimized transformation parameters were field strength of 2 kV/cm,
pulse time of 1 ms, DNA/homogenized cell ratio of 3 pg/300 mg, and pulse once.
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St /IMZ T (Sclerotium  rolfsii)f&— i 224K
HBOREE R, T DU 7= A < 2t
W BA W e EOm e, REAS A AR TE A
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FAl . FOKL N MR MRAESE, TS
GeVE I Bk = FE Tl b, SRR R
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Sl . FLARIE AN DD SR ARG D, ST
/TR e — R B T AT B Tl bk
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R TAE) R AR T RO R SE . AT
C R IE B 5 A0 T vk 2R R B S 1 A
JEARHEE AL 125 (protoplast mediated transformation,
PMT) OV RIABIF ST 4 K e HRRIEARFF TR A 2: fhak

(Agrobacterium tumefaciens-mediated transformation,
ATMT)" 2 F . ATMT BEBS KK F B DNA i A

B 58 /IME TR SE R A E AT 258 (AR A G
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WAL SR . RFFEUERSE 2 P0R, RRK,
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HZELER AL A T B . PSR, ©
e . R VLS Al L R )y
1A 2]z wp S 7R 220k L (filamentous
fungi)F L P A RIENH, HiL, EAPITH
FATHE S T /N R R L L 2, TRl
Al T ALA G S 1, S0 B0 T Pk |
a7 6 1 57 B IME R Bk o il FZ ok, Befil2:
75 AR R TR BUTE R R Rk & R A
FERNZTR, SR T 3 AR LT,
M T AT e R e . AR E L
FrEONZ R AL A T E T s e
RIKZR , A BT H oA Y= R I .

1 HBR5FZE

1.1 #r
111 E#HRFERE

5% #& /N (Sclerotium rolfsii, TR KK 9 5
NBRC 5253)Ily F H ALARPFHF5E T A= P B I
H.l(Biological Resource Center, National Institute
of Technology and Evaluation, NBRC). 55 % /N
R R AWK YMB B3R 35(1 L): B2
BRI 3 g, ZZ 5 3 g, H%IKE 10 g,
HEM 5 go YMB BFRIEMA 1.5%3U5 RN
YMA [ &85 553 . SR A 115 °CK I 15 min, 70
Ve FT FH K I FF B Trans 10 J&A2 25(CD10D)I [t
HAEXEEYHEARLNF,
112 FERAFFYLER

1, 25 FL A% (MicroPulser )IJ 7 BIO-RAD 2%

x 1 RHR AR

A, # 2 mm BEEHR  PCR AL F Thermo Fisher
NHE], BISK Veriti 96-Well Thermal Cycler., 4k
2R GCEEE UG 34 R S0 T BIO-RAD 3w,
15k Chemidoc XRS+, 1F & 206 B HlE e
/N FEl B NIKON Eclipse 80i, BM2000 DNA
Marker (MD101), 2xTag PCR MasterMix (MT201),
o 0B TR/ N R R U R) £ (DP102) g b 5 1
IBTEA) N F] o SR S X SV (polymerase chain
reaction, PCR);™"#)4lifbifif| & (B518141), ZFH
FEE(A610028) ., TR FHRE 2 (A506636) . 10%5H
¢k basta (A614229) . 2555 R Carboxin (A500271),
WF 2 B (A600230) . 15t f5 %5 R G418 (A600958)
M F A T A TR A BR A F] Ak
1 2R (12%K3 51 A Bl A9 .
1.1.3 5140, BRI
ARG P BB DL 1, kL 4y 51 B
P O A% 2 E R UE R 5 o0 (National
Microbiolgoy Data Center, NMDC) , i 5

NMDCX0000150 (https://nmdc.cn/resource/
attachment/detail/ NMDCX0000150) ., J5i 4 5w f 44

HERHIFET TS IRSMIEGHT DNA 415677500,
ARG 5191 (HAP 4lidk) LA K BT il
JE 4 A T AR TR (TR ) e A R Wl 58 1
S KL F A LR 2,
1.2 FENZESRMAET &

B S ASH %) 5548/ IMZ TRTR 22U BT 100 mL
YMB B3 5ErR, 28 °C, 150 r/min 535 3d, Bk
TR 22 BR BN TG 1Y 50 mL B0 45 (SRR E)

Table I Plasmids used in this study

Plasmid Characterization Resource
pFV54s P,pq-DsRed Max-bar-Tcamy, KanR (basta resistance) This lab
pSrV23 P,ypqg-DsRed E2-sdhR-Tcamy, KanR (carboxin resistance) This study
pSrv24 Pypg-DsRed E2-aphl-Tcawv, KanR (G418 resistance) This study
pSrv25 Pypg-DsRed E2-iph-Tcamy, KanR (hygromycin B resistance) This study
pSrV26 Pgypg-DsRed E2-NAT1-T¢,vy, KanR (zhongshengmycin resistance) This study

http://journals.im.ac.cn/actamicrocn
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R2 AARATIERSY

Table 2 Primers used for amplification in this study

Primer Sequence (5'—3") Description

TP24 TGAAGAGGGCAGATAAAAAGATTGA Amplification of fusion protein cassette
TP25 AACACATTGCGGACGTCTCT

op679 ATGGTGAGCAAGGGCATGGAC Validation of pFV54s
op433 CTCAGCCGAATTAATTCGGG

L857 AGCGAATAGATCTCGGTGACG Validation of pFV54s
op580 ATGGACTCCACCGAAAACGTCA

TP7 GATCTGGATTTTAGTACTGGATTTTGGTT Validation of pSrV23
L25 AATGCAGTCTCTGCTTACAGCCAC

TP44 GACATAAGAGTTGGCGTGGC Validation of pSrv24
L272 GTAACCGAAGTCGGGCTGGAA

B 30 mL JopE /K b EEIPERE, 9 000xg B0
Smin, % 5. FIA 30 mL LHE/KEE, A
ERATAL FSH-2A (T IEm wAes) Y
25130 2 T B KRB E 22,9 000xg B5.0> 5 min,
LB B M0 30 mL 4 °CHUY i G 1# 8 4l 7k
PEATIEYG, 9000xg B0 S min £Fk BiE, ER
VRV 3 . Rnlgeb RBE B, FRREIET
B B 22 BRE AT () 10% H il GEE 2l /K it
D E AL, 22 R 4% 200 mg/mL,
BTk &

1.3 4ME DNA $l &FfABFFLEK

P A AL R DNA H B8 LG Ry JROkE Ay
KM , R F 2xTag PCR MasterMix F15|4) TP24 .
TP25 #7944, 35% PCR /=¥, i PCR
7y IR & A T R, ] NanoDrop 2000
R 436 EEE T (ThermoFisher) I & M B, i
f£F-20 °C# H -

500 pL FLEA AT A0 A 2 ng R Ak
DNA H B, MMk WITIRS . RIEH A
0.4 cm ML AT, TR, WIR R E
KBS E] R 2 ms, HURRES I 0.5, 1, 2.
3.4.5,6, 7. 8kV/iem %, i disE s,
TGS TR 2256 A 50 mL YMB WK 32 3L (& A
W 50 pg/mL (-RABEE 2 LA 1R 40 V5 44 )b
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28 °C. 150 r/min #ATE IR, HIr24 h )5
PIAKH R () A BRI T i, 35 9% 7-10 d AT 1%
B e Ak F TR 223K
1.4 HULFHPCREESHAME

W5 A0 1 B Ak F T 22 BRI TR 22 U] B — 3
g3, W B 24 FLANMIEE IR, JFIACE AN R
AN 1 mL YMB 353558, #E s 3-5d. 1F
W22 KSR, Bl — PR TR EA
DNA 25 BB L N ERIAGET 585 2k
AN 591 2), i 2xTag PCR MasterMix
(MT20D)#EATAR#E PCR RV e, P4 HL Ko BT
BN . 53— RN A 200 pL TCH K
5, MRS HAWE S [ TAY TR(EE) K
WA E, G50 TR M, SRE MM IE
B EAH 2% 1 M4 (NIKON Eclipse 801)i47 ¢
ML, JEEEE N G-2A (RFP), RFP 18R
i) 24 600-800 ms.

2 ZERE4H

2.1 BFFEELFTENZRE

T I 2R LA AL ST B/ N R Y R AT
P, FATIE T Z AN 52 56 % 48 1y a] L2 AR
FEAAT WA FHAL T B/ ME R I I R B L4
YNGR A Tk pFVS4st), 1M wIiG Ak 41
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U5 DNA f5it . H DNA 21 4s ¥ ok 55 5/ M T
GPD H:H b shF#Hl 4L a2 8 11 DsRed
Max 5 basta HitkEENmEA KRB G, KEAN
2.1 kb (Kl 1A),

WL AT, FRATTE 675 1 T R B
DRl e A R AL 213 4 M R 500 pL (29 100 mg),
AN DNA h 2 pg, Bk st E] 4 2 ms FI554 T,
BB T 0.5-8.0 kV/em A6 43 AEF T HL 51k o
W o7 S5 1Y B 22 A VR 5 % ik vh R A 7 52 95 7
&, WATEZ N BIERR R 74 TRk i+
(K 1B). Wb+ W 2R R AR T L 5 57 b S 3
FRIERAR , I P A TR R 22 g R AR, JCRA
AR BEEE AL B 22 BR B M T AR T 22 Pk —
B A3 42 Pl B [ AT e P Al B3GR, a5 RIEl 1C
Fis, Waiib FAaHEARK, Mm%k T

YMA+0.2% basta

1 BFFAEEAEFREIEE
Figure 1

ARKAEFEZE . X0 RSl TS EEE LT A
Ui DNA FHLEE A BRI SE R A0 8, F30T
Pk SE N k7K 22 R g B T hiik 4514
AR B R TE

MR G FR 1 e Ak Frh Bk e ki 13 4
AL TR 2Ek, 519 opa33 Ml op679 HE1T
PCR %5, Hop 6 MEAL T3 8 T 55 B X i —
TR ST . [RII%T PCR P HikAT TINF,
AN R R AR SN DNA R Be o IUIIRfIA T 4 1k
541 PCR FHPEZRZY R 46% (& 1D). 2R )5 %t
PCR FHPEM AL T T 2602 (E 1E), ATL
B EEARR B SAET, BPAE T P 22 W AT 2165
BN, AL TR 24A BN G, X
o XELZEIRUER] T AMNE DNA i) B ZE L1k
DI A RIS/ IME R IE R AL, FEh#RE

W
Transformants Qé."
567 8910111213R%

Transformants

Bright |

RFP

Electroporation-mediated transformation of Sclerotium rolfsii. A: Structure of foreign DNA to be

transformed. DsRed Max: Red fluorescent protein; Pgpd: The native promoter of S. rolfsii gpd gene; Tcamv:
CaMV 35s terminator; bar: Basta resistance gene. Diagnostic PCR primers are marked with arrows. B:
Screening of transformants in liquid YMB+0.02% basta. C: Screening of transformants on YMB+0.2% basta
plates. D: Diagnostic PCR of transformants. M: BM2000 DNA marker. WT gDNA 1: gDNA of wild-type
cells without electroporation; WT gDNA 2: gDNA of electroporated cells without DNA. E: Fluorescence

observation of transformants.
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22 HBFILHMENZFHML

h T ERRE L SROh SR E Z L,
AT ZEFLEE AL L R . Bk b B[R] . DNA/
M A 22 L4 3 N EEE I N R I T T AR
Ak

B, WERESRA 1-5 kV/iem, fk
Wl 2 ms, DNA/IEE W22 H 65 51 K
2 ug/300 mg, HLHRECH 1 IR, MR R
NHLER 2 kV/em WAL F I £ (68 1), SR,
[ 5 B R 4584 2 kV/em, DNA/IEH 4 22 1)
5390 2 ng/300 mg, Bk E 535100 1.0, 1.5,
2.0, 2.5, 3.0, 4.0 ms, HFEALZER BRIk npit
[ 1 ms BHEAL TR 277 ). 5, BEH
JEZAE R 2 kV/iem, JkobistEl sy 1 ms, DNA/JR
HHLZILFS AR 1. 2, 3. 6 ng/300 mg, HLFE
AR B8 DNAMBREFLZILEIN 3 pg/300 mg
B2 (262 1Y), ULER 3. bah, AT
BHE AT T [F—H i A r i 2 TRER 3 IR S

®3 BFIBUENFHRAUEER

Table 3 Condition optimization and results of
electroporation

Voltage  Time DNA/cell weight Number of
(kV/cm)  constant (ms) transformants
1 2.0 2 ug/300 mg 2

2 2.0 2 pg/300 mg 68

3 2.0 2 ng/300 mg 16

4 2.0 2 pg/300 mg 6

5 2.0 2 ug/300 mg 1

2 1.0 2 ug/300 mg 77

2 1.5 2 ng/300 mg

2 2.0 2 pg/300 mg 2

2 2.5 2 ng/300 mg 28

2 3.0 2 ng/300 mg 1

2 4.0 2 pg/300 mg 3

2 1.0 1 pg/300 mg 79

2 1.0 2 ng/300 mg 108

2 1.0 3 1g/300 mg 262

2 1.0 6 nug/300 mg 140

<l actamicro@im.ac.cn, & 010-64807516

5, SEREBAERTA S0, ks 11k
i, BT TFAERK . XRATRERF A Z K
i R A A T 3 A A5 A SO A I RO
™ FE 50 T 5 A%

PLEgE SRR, BB EN 2 kViem, fik
PEFE]A 1 ms, DNA/RE R 224 3 pg/300 mg .
R B 1 ORI, SE A SR LA TR AR B Y
ki PR R 2 .

2.3 Z R UM E R BN

T FCTR AL ERAE v i 8 T 2l AN R R
PR FIPTPE L PR R AR R DL AR 5 i 5538 /)
B 5, WA T 5 RS 7 (basta
carboxin, hygromycin B, G418 Flr 4= 5 &)X
INE (AP TR R A S 3 /N TR PO A A D RE

T, BATIMK T/ ME XX S AR
B R ) SO (BHE B AR B R R A YR
B0, S5 NMDCX0000150, WANTE# K
S1). ZRFBIINS T FHH/NLE, basta B AL
IR EE R 0.02% (YMB)F 0.2% (YMA),
carboxin [i¥ 4 Rl ¥ & Ry 40 ug/mL (YMB)Al
20 pg/mL (YMA), #%Z B WA RGN HIE N
40 pg/mL (YMB)Al 200 ug/mL (YMA), G418 i
B M e FE A 20 pg/mL (YMB)HI>500 pg/mL
(YMA), HAE TR R 1A 26l B 150 pg/mL
(YMB)FI 1.6 mg/mL (YMA),

SRIGIRATTE pFVS4s 3Lt - M T 46
PG M DsRed FlG 734 4 Fhipk LA iy 5
i, BB RS LK 24, HA, bar FER R
basta PrEFE , sdhR J2 carboxin HUTEIEN , aphl
J& G418 PLtEILIN , hph JE W5 R B Pk LA,
NAT1 2 H A TR L R P o O B S bk
HE IR T8 R BO i T v 28 LA A Dol o A 5%
BMEHERE L

ikt 57 d MRS, RATHAR
T bar.sdhR 1 aphl ZEH ¥ AL F 16 22 (18] 2B).
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Hrf, pSrv23 FUkL(sdhR)HI 5 ALAS BN AL T
ERAHH pFV54s (bar)Fll pStV24 (aphl)W] i 5
% . 1M hph T NAT1 B[R AL B 225595 14 d
G, MEAERZAERNES . BAE ik
2R, WARARBFEAT

2, R TR PR e R ek, R
AT A5 2 (38 43 AR R BT 0 e Ak BG4 T 22
SRR TR SR A PCR %52 (K 2C2E), 4k
J A i e BE P B AL A RO —
BT, B — LR 228847 PCR %€ .
5K IR, bar FERSE —AUE AL T 0] DIAEBLIE 5%
HFIERAR, HEE LR E, &
L 578 2C) o sdhR F Ak W] DAL 256 44X

opﬁSO

pFV54s m DsRed Ma> Teamy, 2 EE
1

X
L25 L1857

pSrv23 [Pgpd A

TP44 <TP7 D
pSrV24 |Pgpd BRI Tcamy

«L272

; Tcamy,

pSrV25 (Pgpd XERE RGN

pSrv24
(aphi)

B2 ZHEERELFTEIME

o}
MR
O A

(&1 2D). aphl ¥ede5 2T LIE 2R 2 40, 5 3 Q
LR A A AR L G2 A8 T 5 (18] 2E) .

[, FATTRE A — A TAE R — 25 F T
PEAT TLLEDOEMEE, S5RINE 3 Fis. bar
BN TH L OOLFESHIE, 5 2 0
BARKMICEWEL . sdhR FR AT EE
3 AUHRA K IE® HOOLE AR B H s (HIE W
22755 4 AU RBORME, 26155 W Bk,
55 s AT AE K RO sdhR HEPRATS SR AT LAKS:
M2 (&1 2D), Bl al BE & Y sdhR 23R
KBTS . aphl FERFALT5 2 A0
JefR S, 5 3 AU Rk WE.
X B 48 R ] 5 R /N TR X AN [l R DR A T

pEVSds (har)  &F
& Gl

A 4

g

sdhR ;\i\q’? o & sdhR
Gl g M QTS

Figure 2 Transformation of Sclerotium rolfsii with multiple resistance genes. A: Structures of resistance
gene cassettes. DsRed Max & E2: Red fluorescent protein; Pgpd: The native promoter of S. rolfsii gpd gene;
Tcamv: CaMV 35s terminator; bar: Basta resistance gene; sdhR: Carboxin resistance gene; iph: Hygromycin
B resistance gene; NATI1: Zhongshengmycin resistance gene. Diagnostic PCR primers are marked with
arrows. B: Screening of transformants in appropriate medium. C, D, E: Diagnostic PCR of passaged
transformants. M: DL2000 DNA Marker. WT: gDNA of wild-type cells. G1/2/3/4: Generations of plated

cells.
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pFV54s (bar)

pSrV24 (aphl)

Bright

RFP

Bright

RFP

3 FAREMMERELFERRBFELL AR

Figure 3 Red fluorescent observation of passaged transformants with different resistance genes.

BV AT BEAN] . X SEEE RS TR AT T AR IR AR
FF B 5 A0 55 588 /N2 T Hh L2 3 I B 1 66 DR 8k
G —57, Hrp sdhR LR RE K,
EAVEN TR MERREAE A E L TR I A
Ak, FATEX S B b 747 T
P o 55 ARSI (BHlE ) AL B E R A w Rk
SRR, 45 NMDCX0000150, TN 78 k4
B S2), ZERKIL, bar HALFHLZAE basta HeJE
H0.03%HHREME EEROIRA K, TTHF A R R 22 4
IR 0.01% BRI BIJCTE A K o sdhR 510
F BB LE carboxin W& 20-60 ug/mL 14 &
oK, (R E AR A B 22 ) 52 e eIk A K . aphl
AL TR 227E G418 WJE N 25 pg/mL B AERAE
W, (BAEMRE N 50 ng/mL K LA E A= AR XE

3 WwEE%
N g R E e SR - YN AL DR TR R

P4 actamicro@im.ac.cn, & 010-64807516

Jik o MR S HYE AR AT A S 5 AL
o, Amg T RVEARAT SR AL . TRE . AT
L TR FENT 4 — R L R 5 A iRk
T AR, A T AR A A AN R
A AR, DI WA, ARk
WA —E MBS, BIARTE & 317K A Bt DNA
PALE M, Hk, Bd ot E TR
X 2 Bk, W —F R kT, BN A
FAE/IN 7 Br DNA S5 04 vhokes I 554 /Mg 1 45 i
T WAEIE . NS TEEZECHNEE, A
PR hy 57 3% /N B A T R T FH I D RE T 1 I o
B GRS A SR A AT T — R AR AL,
B8 TR S MRASCE ., SAFEENZE, BT
FRNERIN 28 R KRS S
P, DL R 5] 55 200 B 1) A 2 A PR e LA 8 — 55 ) AL,
TR TSR/ K B RV AE [R] — 551 T i1 i
Ak ZedmT D22 R E R (K 2B), T ANRE LN
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Y0 P MR RE AR BSRE A HL R — B 45 R o R ATTIA
R AT A R W SR A RE R IE A B T LR G
TERAER A, Hik, £ 3 MZEREIRNL
oA B Y AR EE R MEE R — 25 0F T I 2551
FAT U T Al o Foe i (R B A8 23 1P A T4

AugE B d AL B DNA B
/N#Y 2.1 kb), FHIEFIK M) dsDNA 7] BETE4H Y
Y PN TS A% R il B V) S B sl EE 4, FRATTIA
Sy AR TG S T T R Bt AR oo R TR
HIIREI, WS shFiEdE . Prd SR A
DG PSS, IXREHL ATMT Al PMT i 4 J1 .
AN 2R SR A R B (9] an A AR BORL)
ATMT JriEAl e B k. Bbah, ansifiF ssDNA,
ML AL e B AT LA TR R Biiefe, A
7 ssDNA A LIFt N A% FR it 55 D11 .

FATHE 5 Fh S o AP L R o 2R L
i NS IMETE Y, RASE T bar. aphl
il sdhR FEH WAL T . XIFAERE N E R B
M AR R PSR A TS558/ MET . A
SR AT B R I R B i SRR AR KA. ik
Tt R TR & BUIX 3 R AL T AR e 1
WA B 22 5], UL TR ST/ R N Y
P 3 R i 4 35 R 45 A1 U 5 TR ] BB A o B 4
U e Y AT NS e R B e A R N L
HOARBI R P B AL S PON AR, A RE R IAR
FEFRIK . XS TR A B T B 4R
BB REFE AL TT IR ALRCRE,, AT L
PE R I B, DAk S AR PH M e R L Ab,
I o 3 DN S i, R T S R R A T PR (0
Aura3 F)FFHEATE F7 B FE AL 07 2k FT R LTk
TE SIS & 5 /MK T

S
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