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Abstract: Thirty-two Fusarium oxysporum isolates obtained from wilt bitter gourd in different regions of China
were identified by morphology and formae speciales test. The results showed that all isolates were Fusarium ox-
ysporum f. sp. momordicae (FOM ). These isolates could only infect the seedlings of bitter gourd and bottle
gourd, but not the other cucurbit species. Amplifying and sequencing results of the rDNA-ITS of isolates showed
that the total length of rDNA-ITS (ITS1, 5.8S and ITS2) of FOM isolate was 456 base pairs. The clustering a-
nalysis of tDNA-ITS indicated that FOM and F. oxysporum f. spp. isolates could be gathered into one group.
Meanwhile the results of the genetic diversity analysis with RAPD molecular marker showed that the genetic sim-
ilarity coefficient of FOM isolates and the other formae speciales of F. oxysporum isolates from cucurbit hosts
was ranging from 0.59 to 0.99; forty-eight isolates could be divided into ten RAPD groups (G,_,,) when the ge-
netic similarity coefficient reached 0.85. In RAPD dendrogram, all the FOM isolates were gathered into one phy-
logenetic branch (group G,) with the genetic similarity coefficient ranged from 0.92 to 1.00, which indicated a
high genetic similarity existed in these isolates, and classification of phylogenetic group was related to geograph-
ic origin in some extents.
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hESES. $432.1 THERFRIRAD . A

)X ( Momordica charantia) RiZSR 163 [E 1) 1
A LEAR PG R RNV A M X L R A Y R
ERNIE e xS ) Wl P T 2 i
E TR ZE B A0 T, 2wy VAR )™ e T e o ™
(g —Fh AL e Em L T I &

1983 4F- Sun 5 B WARGE T3 A R 22
9 A5 S A AR L 4k T B v N &AL B ( Fusarium ox-
ysporum f. sp. momordicae, FOM) , HHjE AT
PRI 22 I 15k VT TR 119 & A AL (formae spe-
ciales) /A7 8 FhtH 4 L AL R B MR 10T AR
T, AN R ) e A BT T AR Rk A T B
B 27 78 B uE AT X 4P 2008 4E, Cumagun
AR Sk | AR AY 21 AN TR 20 T bkt A7
ER R R FHBLFE ( Nitrate-non-utilizing, nit) Z848{K
P AVE SR AR E | AT 4 DE TR SR
( Vegetative compatibility groups, VCGs) , & K
PN IR R T A — B IR AR B R Rt
2353 (VCGy, =0.19) . HATR A WLAT K
SARHI T T vy L Al B T R e T T R ) 1) 43 T
RGUR B RER LN E SRR RGGE .

AR SCHE S I 2R A0 0 RN AT 3 L A I R 2
filh b, % JICA 2 g T A% W A 66 DR] Py 9 S () e [XC
(rDNA-ITS) #5451 20 8, PEA ITS J¥ 5 7E
RG220 11 %8 72 v B9 PR T OF R BE ALY 38 22 254k
DNA (random amplified polymorphic DNA, RAPD)
BRI FE 7 T 225 T b I 2 bk R AR S At ik 7
VRPN 81 22 Sk, DT R 4 J T Jre I g P sk
S A I BT 701 3 M SR BE R4l

1 MBS AFEZ®
1.1 #HEE

SrAIRSR A TPY AR AR A I e A )
ST ZERTHEAS I L 253 B 1) 4 B I, 3145
32 R JIAE 2 g B AR A A T R, P A A £ 5 DU %o
X EE R AR PEAT Y RN E , USRI L, SR 5
X ik SE TR R HEA T A A L AR E

P i8A% 22 B 0 A B B8R, B 20 B A 31 A
32 BRERFRSD, T3 16 BRI 22 i 2 61 5k 7]
AR AT S % bR, A4 < b P T Gl

XEHS. 0412-0914( 2014)01-0036-10

P984 B0y (China General Microbiological Cul-
ture Collection Center, CGMCC ) A A [E &\l i A=
Yy PO B rhues (Agricultural Culture Collec-
tion of China, ACCC) #2&tf1% 2 Pk & T, 20 T4 |2
PRVG A ZE0 1, LA SCER ) VU AR BB i St 53 i
PRACIG 3 By 0w FRAERY 12 AR 2
JATE R (LI ZE T 2 Bk, SRR ZE N T 1
PR, SIURAE 2206 T4 2 PR, 22 AN 2200 1 3 Bk, 2 TIAk
FN A BR) . BT RS 48 MR AR T
FORPEIFR 1,

12 ERHEFRERSEFERTEELRNE

W T 2205 TR ik 20 0l 7% 28 8 S e 1
FE (potato sugar agar, PSA) ¥ I, 7F 26 CHHIE
TGRSR T A, WA R BRIN TR oA A
4 i 0 JE B AR AR AR €, I RN

FALHII 7 75 EAEYA K AR TR P
JHR I SIUR 22 IKF RS T, B PE R BB Bt
ST At . FERTEH 0.1% SRR
THEE, KK e o 6 Fh 22 KL b R
ZPI OB R R R R VR AR B A
WA 1x10° cfu - mL™" B9 R R A 2 R iR s
HR 30 min; SRJ5HS 20 KR R0 Y 5 SR B8 3
RN 20~ 28 CHYIRZE . LATH KRN IR, % i bk
FeRh i —2F ALY 30 tk, BALPE 3 IREE LG
B R gt L, 25 d JE it A R RIPET 5%

1.3 HINHZERER rDNA-ITS F 353 H

FKH ik B CTAB ( cetyltrimethylammonium
bromide ) 7" 42 B i B Bk 3L M 41 DNA, & T
—20C VKA PR AF . HETR rDNA-ITS J¥41 (138 H
51 ¥ 1TS4 (5'-TCCTCCGCTTATTGATATGC-3')
MIITS5 (5'- GGAAGTAAAAGTCGTAACAAG G-
37) M 32 A4~ JIORY 25995 T R Pk 19 3 ] 41 DNA
TP 51 AR TAEY TR (i) A RAH]
A, PHRR 25 pL. 45 10xPCR buffer 2. 5 uL |
MgCl,(2.5 mmol « L™)2 pL Tag B (5U « pL™")
0.2 wL . dNTPs (10 mmol - L™ each)1.0 pL 5%
ITS4 (10 pmol L") 1.0 pL, 5l ¥
ITS5(10wmol -+ L™')1.0nL .DNARHZ20ng .
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Table 1 Isolates of Fusarium oxysporium used in the study
Isolate Host Source
GD-1 Bitter gourd GZ, Guangdong, China
GD-2 Bitter gourd GZ, Guangdong, China
FJ-11 Bitter gourd FZ, Fujian, China
FIJ-15 Bitter gourd FZ, Fujian, China
HY-1 Bitter gourd HY, Hunan, China
HY-2 Bitter gourd HY, Hunan, China
WT-1 Bitter gourd NN, Guangxi, China
WT-4 Bitter gourd NN, Guangxi, China
CGMCC3.2830 Cucumber CGMCC
ACCC30220 Cucumber ACCC
ACCC30024 Watermelon ACCC
ACCC31354 Watermelon ACCC
FONZH133 Watermelon 77, Henan, China
FONS8 Watermelon NN, Guangxi, China
FOMXJ151 Muskmelon CJ, Xinjiang, China
FJAT 173 Bottle gourd FZ, Fujian, China
FJIAT 175 Bottle gourd FZ, Fujian, China
FLUGD1 Luffa GZ, Guangdong, China
FLUGD2 Luffa GZ, Guangdong, China
FLUGD3 Luffa GZ, Guangdong, China
FBENX102 Wax gourd NX, Guangxi, China
FBENN3 Wax gourd NN, Guangxi, China
FBEYL5 Wax gourd YL, Guangxi, China
FBEGL1 Wax gourd GL, Guangxi, China
SC-1 Bitter gourd CD, Sichuan, China
CQ-1 Bitter gourd CQ, Chongqing, China
QT-1 Bitter gourd NN, Guangxi, China
AS-1 Bitter gourd NN, Guangxi, China
AS-8 Bitter gourd NN, Guangxi, China
AS-9 Bitter gourd NN, Guangxi, China
AS-10 Bitter gourd NN, Guangxi, China
AS-11 Bitter gourd NN, Guangxi, China
AS-12 Bitter gourd NN, Guangxi, China
AS-13 Bitter gourd NN, Guangxi, China
AS-14 Bitter gourd NN, Guangxi, China
AS-15 Bitter gourd NN, Guangxi, China
AS-16 Bitter gourd NN, Guangxi, China
AS-17 Bitter gourd NN, Guangxi, China
AS-19 Bitter gourd NN, Guangxi, China
AS-20 Bitter gourd NN, Guangxi, China
AS-21 Bitter gourd NN, Guangxi, China
AS-22 Bitter gourd NN, Guangxi, China
AS-23 Bitter gourd NN, Guangxi, China
AS-24 Bitter gourd NN, Guangxi, China
AS-25 Bitter gourd NN, Guangxi, China
AS-26 Bitter gourd NN, Guangxi, China
AS-27 Bitter gourd NN, Guangxi, China
AS-28 Bitter gourd NN, Guangxi, China

CGMCC: China General Microbiological Culture Collection Center; ACCC. Agricultural Culture Collection

of China;

GZ: Guangzhou city; FZ. Fuzhou city; HY: Hengyang city; CD: Chengdu city; CQ: Chongqing city; NN: Nanning

city; ZZ. Zhengzhou city; CJ: Changji city; NX. Nanxiao city; YL: Yulin city; GL: Guilin city.
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ddH,0 15.3 pL; 3% 1 /> S 48 FH S ZE K AR AR Al
DNA fEXF IR SRR 194 CHUEE 10 min;94C
5P 1 min,55CiE K 1 min,72C#E{# 2 min, 3k 25
AMEER; 72C ZEf 10 min, 4°C 175 . B 100
bp plus [ DNA Ladder (4t 50 RAR A H ARG R A
H)) NRES T8 B 5 ul PCR P2¥148 1.0% B8
FHEEI LUK A I, 7E UVItec® #EE 1S R 48 0
FIHIR,

¥ PCR =¥ 3% A= T ¥ )5 , 55 GenBank
B ERAZ T 2 Iy 9 47 BLAST [A] P54 L XT3
Br. M GenBank £# i b F 2% 2 B ik U T 14T Bk 11
rDNA-ITS X731, /i Clustal X ( version 1.83) #/4:
H1 ) Alignment F2 J7 #F 17 £ & [ X ( Multiple
alignment) , % Jf} Mega ( Version 4.0) /431" 48
$27: (neighbor-joining ) ¥ #5rF R G & & W, H
Bootstrap #F47T & 4t & & W B 7 FEA, £
51 000 X,
1.4 FINHEBRENEESHFEDN

M 65 5T IE SR H IR FEHLE | ) h i e 4
BRI T 2 S VELF I BEALG 19, X 48 AR T
RHEAT 48 U3 43 #r. RAPD-PCR [ W 4K & 25
wL:2 xEs Tag MasterMix ( &% 2XEs Tag PCR
Buffer,3 mmol - L™ MgCl, ,Es Taq #1400 pwmol

- L™ dNTP Mix, Jbat e 4 it 42 AR W BB BR 2
F))12.5 wL, FEALG Y (10 pmol - L™')2.0 pL,#
# DNA 30 ng,ddH,0 8.5 pL, %X PCR ¥ A
TR DNA 1925 HO IR BN BEALS 1 I
M 3 K, RN FRIT:94C HiA M 10 min;94C
A5PE 1 min, 37°CiB K 45 s, 72C ZE i 1 min, 3£ 30
B 72°C LEAHF 10 min, 4C 174 1, PCR
Yk 754 1.3, BT 514 & Marker DL 2 000
Y A A TAY TR (Bl AIRATE .,

KA RIC 17 T e e 07 5 il 5k
PCR # 14 A9 DNA 4547, FJH NTSYSpc ( Version
2.10e) B 11530 TR Bk 6] (1 Dice 38t 1% AR R %L, R
FHAE AL 41 - ¥4 %5 (unweighted pair-group method
with arithmetic means, UPGMA ) #4# R 45 B2 A

2 HRESWH
2.1 EMHERENESSERESLE
WA SR E PSA B33 F A 4k

BOMELR, PO R IR A, TR T IE AR 5
o, NS A BDE SR D, SRS RAE T
FEHLIM F,R/N9.6 (8.5~13.5) pmx2.6 (2.4~
3.1) wm; KA AE AR T, Tl o 240 Jf A 25 i
ALY 3~ 5 AR, 200 3 AR, R/ 27.7
(20.3~45.5) wumx3.4 (2.7~4.9) wm; =40}
S PO K/N16.4 (6.2~27.5) pmx2.8 (2.5~
3.6) pm;JRIE Al RO 8K BUE A PEsE, ik
Tiik, 542 9.3 (7.6~13.8) wm, #KHE Leslie 25"
A Wang 85 56 T4k ) W B S %8 Ik, v
B 5 RS v T 22 0 15 S5 400 oA 3 T 20 9 1t ik 7
H# (F. oxysporum) .

D32 P T 229 T X JIK &0 1T 1) o 23
7 100.0% , LT3R AE 73.3% ~100.0% , ${I=Th %
P B Rl T Ay i AR S A
WRES AR MABIREIR , [R]I ,  SE TR Rt T = g
N[ Lagenaria siceraria ( Molina) Standl. ] 4} 1]
KH(F (var. clavata Hara) & % R 1E 83.3% ~
100. 0% , 36T 2 4E 40.0% ~ 96.7% ; 56 ELF ( var.
clavata Hara) KIRFIE 86.7% ~100.0% ,JLT-RFE
46.7% ~96.7% ; bel s #i i [ var. depressa ( Ser.) Ha-
ra] K HETE 0.0% ~ 40.0% , FLT-HAE 0.0% ~
23. 3% ; K F# 7% (var. cougourda Hara) &% FFE
10.0% ~53.3% ,JETRAE 0.0% ~10.0% , B 17 2 i Fe R
WAk T AR BE LR AR RS AR R 2
FEREAR  (HE , MK B BRI AR Y I 35K P
IS B 22 JICRN R TRAE TR 471

WA iR gt R AT s Ay 32 Bk TR 22
95 PR AR Y R A L Bk ) B 7 N L A B ( Fusarium ox-

ysporum f. sp. momordicae)
2.2 EINHZEREH rDNA-ITS 7554

2.2.1 rDNA-ITS /3@ & B R R4 HTI
Py ITSA/TTS5 M 32 A7 JIA, 22 9 BT Ak 1Y) 256 PRI 2
DNA 147 34 1 K /N2 540 bp IR EL(E 1) o X
B I , 3 7F GenBank 4 2 317 BLAST
G3HT, SR WO A 225 T AR 5 GenBank (45
JE AN ) 2 3 A0 B 76 4 0 R PR AR 19 [) D
YIE 95% L) b FH Clustal X 454 % 56 14 #k
GenBank %4 i 2 N2 7618k 7] 18 % N & AL 78 R
Pk JH-1, SI-KG  (J¥7 3 % 4 5l h. GU126688 .
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GU445364) 1Y tDNA-ITS X JF 51 #6477 F 8%, 4%
R R X U B R 9 rDNA-ITS X (ITS1.5.8S Al
ITS2) P4 K B 1 8 456 bp, H 8 5L 5¢ 42 AH
A, 1k 5 ANAS ] S Bk U5 A AR FE Bk GD-
1.FJ-11 ‘WT-1 HY-1,AS-9 [{) tDNA-ITS 3414 14
PRI LUK 45 5 GenBank & 5§ JF %1 5 4 - INOO-
5749-IN005753 ,

Fig. 1 Agarose electrophoresis of ITS-PCR

products with the primers ITS4/1TS5
M: 100 bp DNA Ladder; Lane 1. Negative control; Lane 2
to 6; ITS-PCR production of GD-1,FJ-11 , WT-1 HY-1 and
AS-9.

2.2.2 A T 1DNA-ITS R 53l 69 R £ 547 Kl
FEHG 32 A3 RS 2599 18 B (1) IDNA-ITS X 731 5
GenBank %(4f 13 H T 409 21 S SC B R Y rDNA-
ITS K fT— 2t st , M R E LB (K
2), FHEMFIIKE 13 NRMHIHE (F. oxys-
porum) ANa AL R bR 3 A BRI (F. sub-
glutinans) IR 2 NEL104% I E (F. poae) T KR F
3ANKE K Bk J1 T (F. solani) TRk, R ik E
(AN ERE R B R i T T . AE— Bk et b e iy
I 22975 B Wk 5 2 F 4k 00 11 P N B AL T i ik (O
31|45 .EU588396 ) 1) IDNA-ITS X J¥ 5I{L A — 55
B2ES, 5550 12 DR T E L 10 TE B Y
rDNA-ITS X ¥4 5¢ 4 — 2, 5 H A 8l )T B & Bk
DNA-ITS KPR Z LR, REM I
7,53 AR T T B R B2 B 4 AN SERE TR RO
BRIV 45 AR L AL T g BRI 2K 1 v,
A4E 32 4> AW 45 TR 2295 B #K K H GenBank
Bl R i 2 AR Al ) B L AL R B AR THA1
Fl SI-KG 9 /™ HAh IR AE WAl 229 R84k 7] 3 %

FERITA PR |1 AR5 T 1R 2 it T AL R R R A 1 A
AR II A L AR bR, E ALY A R SRR
H97% R I AdE 3 WA I B bk , 2R
H SRR N 65% ; 80 W45 2 B4 5 )
PR, AR A R S REEE R 99%  FERE IV H A1 F B
(4 3 AT K Bl )T TRARAG A, HEARASE 1) R S Rl
100% . MWERFEFrEs R T LIA I rDNA-ITS
750 538 AT LA 53-8k 0 T AN [E] D (B BE R
oL ) B v TN A 2R B AR 55 R D9 1 At % A0 Y
RIX 3 H K

2.3 HIAHEREREESHEES T

2.3.1 RAPD 3|4t fed 325 %  MAHKH 65
SRBEHLE | Py th B G R R A X R R AR A
B YRR Z S ERHLE 1Y) 18 4, X) 48 N4
SR JTTR P R FE I 4] DNA gR 47988, L3R4 &
261 45, Hoh 285471 253 4%, Z 2 MEH Bl 96.
9% ; AR5 P 1 4 BUfE 8~ 21 2%, FH 81 5]
YIr= e 2PN 140 4%, 9788 BERV/INE 150 ~
2200 bp Z I8, 514 S174 (4 K &3 (& 3) %
B, 4% 58 55 R4 i KO/ OB T 5] 6 T B
DNA JPFI A [RIRE PR 45 DB 1 25 57 DA K B vk
V) 7E 35 PR o [RIVR R JEE 1 22 57, SR I AR A4l ) TR
N L AT T RRZE AN N AR AE = & 18 AG 2
ARG 104 8 T 2296 T £ R 41 DNA | 7 A= (1
SR 5~ 13 Sk ], AR5 4501 141 2%, Hirp
ZRNEFAT 44 55 EA S 2B
2.4 % BRI N 31. 2%, 5IWTES AL ZE R
PR DR RR B 77 A 2 28R A /b R W TG 22 T
BRPRIAIAY 3 R 2 8RB,

232 RESH WYL RAPD pricd He 45 it
PRPRIIAY 58 1% A AL R 5, FH UPGMA 75 % 5548 i
FPRIEITHT, T RERIRE (K 4) . IRPIRIE
AL 48 A2 160 8 70 TR A Rk 18] 14358 15 AH LR
BAE 0.59~0.99 Z[A], 124 0.79, SAHMRECH
0.85 (L £&) B, 48 A~ T bk 8% 4 73 B 10 4> 258
(Groups, G,_,,) , RELRUTH I AR I 7 & Nk
LRI bR L b K, Hih G, KBRS T 32
A I 22 99 TR bk, 362 1% AH L R B [T 7E 0. 92 ~
1.00, ¥ 0.96 , it AL AR ALPE &5 5 G, ZERFALHE 3
AL JNLACTI R RN 4 D& N IR G, 26
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Momordicae WT-1
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Momordicae AS-19
Lilii AY684920
Momordicae CQ-1
Momordicae AS-1
Momordicae FJ-15
Momordicae AS-20
luffae AY35375
Momordicae AS-28
Momordicae AS-9
Momordicae AS-25
Momordicae AS-26
Momordicae AS-15
Momordicae AS-13
Momordicae AS-12
Momordicae WT-4
Momordicae AS-17
Momordicae CD-2
Momordicae AS-8
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Fig. 2 Phylogenetic tree of ITS sequence in different species of Fusarium
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Fig. 3 RAPD fingerprints of 48 Fusarium oxysporum isolates obtained with primer $174
M. Marker DL2 000; Lane 1-8 and 25-48. F. oxysporum isolates from wilted bitter gourd plants; Lane 9-10: F.
oxysporum f. sp. cucumerinum (CGMCC3.2830, ACCC30220) ; Lane 11-14; F. oxysporum f. sp. niveum ( AC-

CC30220, ACCC30024, ACCC31354, FONZH133,

FON8 ); Lane 15: F. oxysporum f. sp. melonis

(FOMXJ151) ; Lane 16-17; F. oxysporum f. sp lagenariae (FIAT173, FIAT175) ; Lane 18-20; F. oxysporum f.
sp. luffae ( FLUGD1, FLUGD2, FLUGD3); Lane 21-24. F. oxysporum f. sp. benincasae ( FBENX102,

FBENN3, FBEYL5, FBEGL1) ; CK: Negative control.

3 it

AR A 22995 DA 1 8 R AR 1 S0 M A
MBS, Zha S AR A AR AT IR 2590 B 42
FRSIUI R 2 &) v, & 9 2R 43 3R 75. 5% Fi
25. 6% , A VL AL LS 5 IH A 0 B R STUR
FER P ASHFSE FHAS [ B R PR Y 32 Ak TR 25
9oa DR A2 D TG, R R 100.0% , SET- #AE
73.3% ~100.0% ; 3 FP TR AR R AR B, & 995K N
0.0% ~100.0% , 5ET-F 1 0.0% ~96.7% , 72 LK
AT RESEAAEL G T T vy N AL B TR R D 37 2, 3K
5 Zhu % paRaE —2k,

e 0B E o> R K R R SR N A
fiE SR R IR 2 5 52 B - 4 R B
RO, T HAF 2R A YR B, A T
Ve e —E W IRME, ITS FFHIE 7 2 B H TAEY)
9o I DRI SR SR Y S 8 RN R R R B i, 2 I o

ARG LT B A B R AR5 A
FH tDNA-ITS X JFHIM S FRELBW, KBW
Hh e TR 2295 P A AR Ath 9 i 4 2 #4018 % 1k
IR R AE—R , 5 2= 5 A I 7R o ) T bk R Al
B0 55 T R h R 2 T Rz Bk 0 DR DX 53 7E A [F]
My BEAAL |, FEB rDNA-ITS X5 52 e 7 4% 71 56
FTRIAFAEAS )RR B 1 25 57, PR hy S5 0 5 I 2505
PR AGl B B, (EHE LA IX 43 Rk U B v I Ak 7Y
BRI -5 At 2 40k 0 B I % AL R B R %) 47
T M T PR T 27 2 04 B0 1 6 7 52 BT 9 1 X
I ANEESEIA At G T T N AL AR TR BR 1Y 4
P S5 AT ARG ITS B4 2 MY ek
FEa1,

RAPD £ 5 PEFR 10 H AR ALE B 5800 [ 18 19 35 1%
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