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AL Hr AZ B2, 2001 4F MULLINS 55220 38 a5 44 8 — Jn 844, o R AT B 19 A 5280 T X4k ]
WA REsAL e Ak, B BT 1 A K R A 5 0 B A i aE ™, (EJE PR B AR I M o 22
S, T FHACAT DA TR R RN L I 0 5 ek S 85 3 45 A B AN [), XA [R) 1 EC R A R E A TR A 2 — TR B AT
%o &5 R 1k, ENIMNEEA T ARFT BT W AT 15760 B A AR DG, AR s A 5 L vh
MR BE G R — 205 . B RIHARFT A Ak, ¥ A WS R PR (hyg) Mgk 9 E A
FH (mGFP) (BT R IR B AL RS (A W B, IFE PR i sk (OB R 3Ra8, B
PR 1 — 25 WIS I (0 9 A BRT A A 22 AE K R L TR AR . B0 TR 5 K R SR 2 [a] ) B E S0 ML 54
HEER S

1 MR5EEE

1.1 BEFRFIBRAL BT O RS AR L = N
CLRZ LT KO R ZE 5 B S I ORI . BT
K # AR pG-Hyg-GFP & LA pCAMBIA1300 4842,
A trpC I shF | W8 ZPUPEIE (hyg) Fgk(a2¢
N A H (mGFP), )72 B MULLINS %22,
Horp i g R Pt B R I T 5 M 4 Aspergillus
nidulans W) trpC J& 8T H A 5%, r 0 A
SRR IEF 3R H i A B 5L (gpdA) Ja 8h+
P ) LA S o R AR 2 B A vk Tl AR SR8 A 1
AGL-1 1, FRIGLAT R pG-Hyg-GFP(I&] 1),

1.2 EFERAF DL EHAHUE (PDA)

mGFP

pG-Hyg-GFP

12 765 bp

Fi g A& PRI PDA B3R HE By 62.5 g, MK E A = 1 pG-Hyg-GFP FkiHl
1000 mL, KI5 4 CARAE ., ThA4% B A5 Bk 1A Fig. 1 Plasmid map of pG-Hyg-GFP

(PDB) 1557 5. FREL PDB 557238 26.1 g, MIZKEAZE 1000 mL, 18 pH & 7.0 J5 K, 4 C 17, FAR:
7% 3£ ( minimal medium, MM) : KH,PO, 3.625 g, K,HPO, 5.125 g, NaCl 0.375 g, MgSO,7H,0 1.250 g,
CaCL,2H,0 0.165 g, FeSO4-7H,0 0.0062 g, (NH,)SO, 1.250 g, ‘A ZE 1 000 mL, % iRAEF . AIM 15372,
MM 55 35 5E 400 mL, 0.5%(¥/V) H il 5 mL, MES 8.5 g, 1 mol-L™" i 1 [ B 19 % 25 8% 5 mL, % pH 8 &
5.3, AR 1000 mL, BEARINA 15 g BIERE R, BIRAEAE. LB 85325 BERHRIY) 5 g, IR MK 10 g,
NaCl 10 g, ¥ pH A% 7.0, 4 °C 17 . WEHE E (Cefotaxime): FREL 1 g Cef ¥ T 1 mL KK, Bt & Al
100 g- L', i3 385335, 20 °C 17 . £ Bk T i (Acetosyringone): F#REX 196.2 mg AS, % T 10 mL —Fi %
VM ( Dimethyl sulfoxide ), Bt & A% 100 mmol-L™!, —20 C fi# 17 . F£HP% % (Kanamycin): FREL 50 mg Kan,
WF 1 mL B9 KR KT, BLE AL 50 g L', —20 C fififf. A4 (Rifampicin): FRHEL 0.25 g Rif, % F 10 mL
TowK, w8534, —20 °C 7.

1.3 HERXMEEETRINGLIRERIE B8 A 0B A R 22455 PDA Br 5Pl b5
F%3~5d,56H 5~ 7 mL KEVKBEGR R 22, PR LR 22807 W 2 % 50 mL ) PDB 3555, 78
FEIR™ 28 °C }559% 3 d Ji, M 3 J2 45 40t B ARS8 B, IFRE B 1107 > -mL™, WEHR 20 pL i+
BIRRE R EA 0,10, 20, 30, 40, 50, 60, 70 pg-mL " #1%£ E B ) PDA A |, BT 28 °C 1HE
BigeA rh R SR 7 d, B ROWEEHAE LRI FIE 8

1.4 RIFENENL

141 RAFE AGL-1 ®FFFERIRR  RIFEFAS RO [22] WITERETR . H50K-80 °C RAFHY
A EA R AR FTE AGL-1 IR EIRAR LB £5 753 (&7 100 pg-mL™" %) Kan 1 25 pg-mL™" [
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Rif), 28 °C, 180 rmin' & JR 5 35 F ¥ s SR 5 BUEE SR A7 B ACHFF 18 50 uL 280 2 MM 5555 3 (5 A
100 pg-mL™"' ) Kan #l 25 pg-mL™" [ Rif), 28°C, 180 r'min”' #£ K K5 %% 2 d, &I, 5 000 r-min' & >
10 min, 5+ L34, LA 20 mL 5 AIM AR 25 (5 200 pmol-L™' 5 AS F1 40 umol-L™' i) MES) &,
5000 rmin Z i E0 10 min, 37 13E; FH IM KRR 3R (5 200 pmol L™ 15 AS F1 40 pmol-L™" )
MES) A ATE Ag00=0.15, 28 °C, 180 r-min' FERKEFE 12 h & 44,,=0.6, £

142 #FHEEAETRBT GRS REGERMEZT PDB B354 (£ 100 pg'mL " /Y Kan), 28 °C 1%
K% 3 d, & 3 R ACUE, IR BRI, TR BRI N 1107 A~-mL !, 45

143 RBRAFAEMBELTRRTOEIZR B 4500=0.6 MM AAT B 5 H0E AT 17095347
FRIF (13107 > mL ) FARFR R 1: 1 B HEITRA, B 200 pL IR G, FHERAG &5 550 (1A T4l A il
PR LT 4 B IM (75 200 pmol-L™" £ AS H1 40 pmol-L™' B MES) [EIARE I35 [, 25 °C 555 48 h,,

144 FEEEFREZMTOFE KU IEE 48 h INASIRLT 4 R WL & PDA #5986 L (%
200 pg'mL' Cef, 50 pg-mL™" (YIFE R B), 25 C MR FR 7 d J5, FHEERAPREUL 4L+ T8 1Y PDA B35 5
(%% 200 pg'mL™" Cef, 50 pg-mL™" AIEIEE XK B) 1535 7 d, JEATHGIN

1.5 ZREBRABAWRIESEN FELFEFMT, AT BRI IR L, 25 C 85 74, #H—
% dH,O T3¢ bk, FHEERNEH PRI TR 22 Tk b, B TR 224 THE, 35 LS, 7RG 21, #38k
F RN A O K I8 G 460 ~ 550 nm Y OLMPUS IX71 986 B R, MB350 68 I 2R TE L,
SeH HAOCHRBIR 24K, FOCH] A ZROGBON DG, 73 e sRTE B ZOEMEOET EEE S, 37 OLMPUS
AHALFA R

1.6 PCR DMTEs4bTF Wi fb+ M AR B IR0 LGSR 7 d, FRRIEE IR LA, R e 6
BUA 22 51 B i DNA $2BGRF & LB DNA, F T PCR Kl . EARIRMEUNT . LUH S (O kE 55 /R
4 2H DNA SRR, MR BT R IB AR (pG-Hyg-GFP) I 85 X Bk B R R ¥ R iS4,
4% %1% HPH-F: 5-AATTCGGTCGAAAAAAGAAAAGG-3' 1 HPH-R: 5-CTATTTCTTTGCCCTCGGAC
G-3', PCR 4/ 144K % . TaKaRa Ex Taq 0.25 pL, 10xbuffer 5 pL, dNTP mixture 4 pL, ¥z 2 pL, b FiE5]
Y145 1 uL, dH,0 4 FE 2 50 pL, PCR § 3 4544 95 °C WAL M 5 min, 95 °C A84E 30 's, 59 °C 32k 30's,
72 °C JEMH 100 s, 30 IAEER, 72 C LEMH 5 min, PCR F=¥) i BEK/NA 1604 bp,

1.7 HUFERREMEN MPARWFEALTHREILED 12 MM 2R S HME RN
PDA ik LRGSR, 3 d G NI GPRIRIA 223500 2 00 — DR S A W& Z PR PDA 55553k L aE5R, 4L
e S AR, PRISBR 25 2 A R E PN PDA (R 1SR, ML F I DL .

2 BRSO

21 FhEEEETBEE (Neoscytalidium dimidiatum) HIREREK

211 HWFEAYHRASHEETAFARELGBBMRK K BT A A B s A R S A A
[ e (8155 2% B 19 PDA P |, HAE & A 20 pgmL ™" #1452 B 1Y PDA 3533 55V 132308 5 iy
il, 76 40 pg-mL ™" W E B 1) PDA KiFR3 P L RES 52 Il A K, S T B IR BE M, et 77 3k ik
H 50 pg-mL ™" I8 R AR

212 FHWEEFRABATEMRE KT R FHR G RETE IM 553535 F IR 48 h 5, Bl
FRETYE BTS2 547 50 pg-mL ™ AYIIEE K19 PDA 53858 B3GR 7 d, B9 0E E o KB 22 .,
HHHEFH R A 50 pg'mL ™ #1245 E B A1 200 pgrmL ™' Cef (MHIRFFHE A1) 1Y PDA 5323k 55, 45
S, HRS A  E ALTFT LAE S 50 pg-mL " 1252 B 19 PDA Al b AE K (& 2), i A 70 i
RRASAE K, 8 BH A 8 I (oA A PR e A A T R R b

22 FEEHTHRREENTPIREEAEAREER 7O DB YE(488 nm) A T, ML
Kl mGFP WA TEIL . T8 3-A. 3-C 4351 Ry 5 A R0 i € R 45 00 1 NG Ak 118 26 B dBE FL o rh iy
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10 mm

10 mm S 10 mm

P2 TG R T AL A 2 S AL 7 IO T 22 AR I DU e
B T AR AR AL (A) AL F (O FEAR S A BUERY PDA AR L 28 °C 35535 1 AR BN H B g (15 i B A
H(B) AL T (D) TS A 50 pg-mL ' 18 % B Hl 200 pg-mL ' Cef # PDA V4 | 28 °C 1535 7 d 1A L.
Fig. 2 Comparison of hyphae growth between wild-type and transformant of Neoscytalidium dimidiatum

Comparison of the wild - type Neoscytalidium dimidiatum (A) and putative transformants (C) cultured on the Potato
Dextrose Agar (PDA) medium without presence of antibiotics for 7 days at 28 C; comparison of the growth of the wild-type
Neoscytalidium dimidiatum (B) and putative transformants (D) cultured on the PDA medium supplemented with
50 pg'mL™" of hygromycin and 200 pg-mL™" of cefotaxime for 7 days at 28 °C.

10 pm

10 pm

10 pm

Kl 3 mGFP ZGER FHTEHT (A 35 AR % AL 1 iRk 1 DU AG I
S A RO (T R AL TAEN ) SO s GIOEH (mGFP) RIANIL. WA A, C; 2OtMd% B, D.
Fig. 3 Detection of the expression of mGFP fluorescent protein in the transformants of Neoscytalidium dimidiatum

The expression of green fluorescent protein (mGFP) in bright field and fluorescent field of wild-type Neoscytalidium
dimidiatum and transformant. A, C: Bright-field imaging; B, D: Fluorescence imaging.
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T2 ] 3-B., 3-D 43l B A T i €0 5 R B AN AL FAE 2O BB 2O B S . fE5OESh,
ST R € 0 %) B A R R 22 WSS BT, T I € 0 R e AL 7 B 1 22 B AT I S A R (0 5
ULIAFERG AL, GFP DR BTG 2B IS (A E 5 J B h A5 LA ERGA

23 HEGEATHHEEEC TR PCREM  BEHLYE
L3 AN I €00 1 6 B A b 76 BT 1) PDA B35 3%
L&A 50 pgmL ' I8 E B)EIE, REm 22 K
B o 00 B BRI 5 €A 4 6 B 5 Ak 7 N A AR Y
DNA, Pl HPH-F #1 HPH-R £} | T Wi 5| ¥y it 17

S 4k Pl of B Y ‘
A, P T AERET BN 1 604 bp BUMITE LI\ DNA markens 1 ~ 3, BE T35 (5. /0
h B, U] T-DNA 4 AGHTIE A T PEXS IR 5 40 55 A W0 2 AR DR Y JBORE, BHAEXS I 5 ~ 7. BEALYE

VL g e g f b e
24 FHEESHEGCTR GGG g SOTNOR R
. tification of transformants
g 124 ) %5 Z U PDA N e

HEEZE/J ) I tﬁ:’f&?‘?ﬁﬁi%{;‘ﬁﬁ/\?*ﬂ I‘iﬂ’] N M: DNA Marker DL2000; 1~ 3: Wild type Neoscyta-
Bigrdt LS IR 5 AR, AR R S A R R ik lidium dimidiatum as a negative control; 4: Plasmid with
i PDA £33 1, KT A L 74Tl 1) hygromycin gene as a positive control; 5~ 7: Randomly
T A K AR AL T T S 2o, T LA selected transformants of Neoscytalidium dimidiatum.

FE 8% .
3 i ®

A SO T IR ZR AR, BRI 5 #h 5 (Aspergillus nidulans) B trpC J5 8715 ) 5 R BERR L R il
(%% 55 A A L i & (Aspergillus nidulans) W9 3-BE1R H U SUBESE R (gpdd) J5 8 Tl s 9O E A
(mGFP) W55k . TERFTHEAN T T, I & A &S R DU R R & A 7O R AR (mGFP) R A K
T SR 159798 B0 B — i R AR, JRIE L PCR P B AGI 21 3 B R 3k R A B, 38 0 98 B A
B PO I RIE, UL AN E L R B 8 5 BT e (R 0 B R R 20 T T ) 338 e b+ TR bk
ez 5 AR R UIFE S A 15 R B(50 pg'mL ™) Y PDA 32t AR K, Uil H A A mAe e vk

H AT, [ AT T35 (A 5 96 B 0 5 45/, R G 0 SRR i AR Ak~ i b €A Y 7 R A 3 5
IS By B U724, A AN R A 2R BT 3 I AT A TR A i, AN IR AR e TR T AR SR E R
VUMV g 250 e [ P R SRR A5 T, SR B TR A T R, B R SR . LA
ST K e R 5 g € 6 A G Y i LA S8 4R, 40 2019 48, XU S5 I £1 B2 £1 P K e R 702
15 2107 % 475 fR R, {8 A lumina RNA-Seq £ ARMSE T 21K K g (H. polyrhizus) X} Neoscytalidium
dimidiatum W) 15 £ SN 5 2020 4F, XU 259 2 AR T 20 A kg B AEF4 S5KF b N Neoscytalidium
dimidiatum J&Y: H HpLRR Z2 5 KL 45 2021 4F, PAN 2529 5% ] & 5 4 A 0 W s F o 1 e S %t
Neoscytalidium dimidiatum JEZG 8598 SN, (EHT G AT 760 R KOl SR B9 B0 A LB A AT AR AR

ST I AL R GRS B R T RE AT EE, B ATC 2 R HIZ O B A5 e A 7 T I e LR D e i
WFSEAREEO 0, PRk, 8 N7 A R B G A TR AR e A AR R, XTI 53 s €A 0 T ) 380 2 [
FHEER DI Ret 2 . BIR O A RELRATEA 20 BB L H A Rl T, (ER DL g (5 F6
BARFEALAR GRS o AT ARG REE RIR AL T, B0 J5 ST R (k7 6 B = e KO R 1Y
KB R AR RGO A AR = e X e SR A BOR AL S B (AR 18T Lok J5 B2 58 748 1A e i)
S PR AR LA, 31 07 BRI R 1 AR T R B R D RE RS
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Agrobacterium tumefaciens-mediated Transformation of

Neoscytalidium dimidiatumcausing Stem Canker on Pitaya

WANG Meng, WANG Zhouwen, DING Yi, XU Min, GUO Panyang, LUI Chengli,
LI Jiaxue, LI Tao, WEI Shuangshuang, TANG Hua

(College of Tropical Crops, Hainan University; Hainan Key Laboratory for Sustainable Utilization of
Tropical Bioresources, Haikou, Hainan 570228, China)

Abstract: In recent years, pitaya (Hylocereus spp.) has gradually become a newly-emerging tropical fruit. With
the continuous increase of planting area, diseases infecting pitaya have become more serious. Among them
stem canker is the most important disease, which is caused by Neoscytalidium dimidiatum. To explore the
genetic variation and gene function of N. dimidiatum, an effective genetic transformation system must be
established. However, there have been no reports documented at home or abroad in this aspect. A binary
expression vector containing gpdA promoter, green fluorescent protein (mGFP) and hygromycin resistance
gene as screening markers was constructed to establish a genetic transformation system for N. dimidiatum
through Agrobacterium tumefacien-mediation, and positive transformants from the spores of N.
dimidiatumwere successfully generated. Fluorescence microscope observations showed that the positive
transformant hyphae could produce green fluorescence, while the wild-type hyphae could not produce green
fluorescence. The PCR test confirmed the integration of hygromycin resistance gene in the transformant
genome. Therefore, this Agrobacterium tumefaciens mediated transformation system produced stable genetic
expression of mGFP gene in N. dimidiatum , which lays a technical foundation for the further study of the

pathogenicity mechanism of dragon fruit canker disease.
Keywords: pitaya canker disease; Neoscytalidium dimidiatum; hygromycin resistant gene; green fluorescent

protein; Agrobacterium tumefaciens - mediated transformation
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