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Abstract In order to explore the relationship between genetic diversity and geographical origin, genomic DNA of
30 strains of Fusarium oxysporum f.sp. niveum isolates were analyzed by sequence-related amplified polymor-
phism (SRAP) molecular markers. With genomic DNA of F. oxysporum f.sp. niveum race 0, race 1 and race 2
as templates, 20 pairs of primers which had rich product and high polymorphism and repeatability were screened
from total 225 pairs of SRAP primers. The 20 pairs of SRAP primers generated a total of 386 reproducible bands
by PCR with the genomic DNA from 30 tested materials as templates. 371 bands were polymorphic, with poly-
morphism ratio of 96. 11%. On average, the bands amplified by each primer combination were 19. 3 including
18.55 polymorphism bands. The UPGMA cluster analysis revealed that the genetic similarity coefficient of all the
stains was ranged from 0.69 to 0.90, averaged 0. 79, indicating the genetic diversity of F. oxysporum f. sp. nive-
um was abundant. Based on SRAP marker clustering analysis results, 30 isolates were classified into 3 groups with
genetic similarity of 0. 70. Group I contains 24 isolates, with 18 isolates from Hunan Province. Group [ only
contains one strain from Harbin City, Heilongjiang Province. The two strains from Harbin City were divided into
different groups and the genetic distance was relatively far. Group [[I contains 5 isolates, 3 from Sanya, Hainan
Province and two from Hunan Province. As far as the strains distribution was concerned, there was no significant
correlation between the aggregation of the strains and the geographical origin.

Key words  Fusarium oxysporum f.sp. niveum; SRAP analysis; genetic diversity

WiHH: 2017-11-16 EiTHHE: 2018-01-
E£mME: EEAHZETIL RO BHIFE 5 (201503110 O3> (ﬁﬂf’ﬁﬁ FSARI 243 (2016]12075) s MRE A BURAOL B3 P AR M R 2l T
* WfE/EH  E-mail:liangzhihuainky@163. com



44 5 5 W

XT3 45 « V5T 28009 B 18 1% AR AR OGP 510 3 2 25k i « 195

HEEFEIN Citrullus lanatus £ 7= 5714 3% 55—
K. PG ZE 90 A2 B S f6 e T 7 75 SR L AL Fu-
sarium oxysporum f. sp. niveum (FON) 5| i) —
Pt AP BT AR . PER Pl PU A 2
P R BT i B B RO T E R 2 —
F I it b RO B 0 A B IR T2 e 8 5% A 3K
M . PR B AN P A 2505 T A 4 >4
AR EIAEBINRE 0 45 1 5.2 S 3 5. ARHUNRR
3 51 Zhou™ F 2010 4E%5E 4 5 . Re S B HE
INFR 0.1 A 2 5 A9 B A Rh i PI296431-FR JE%
2017 AFAESEE MR 2 BLIR M Bl o B S ™ L BT
Hh [ e R DL AR

FETFA P18 2 &5 (sequence-related amplified
polymorphism, SRAP) J& —# 3£ F PCR #) & P #x
LRGN DNA 73 FARIC R, 38 B M R 24 1y
LitF 2001 AR 42 1 o BRI FH 2R 19 51 P % T
T2 HE Copen reading frames, ORFs) #4747 3%,
UG RN B AT R T R B
F IR B A TR SR PSS [ L K
YIRS 8 37 5 ] R A B S T 7 A 23
P, BAT R RRE 7 28 8 AVE T 15 B B 400 T
AR, HHT. SRAP R 2 i THE Y it A%
ZREER BT

AT LA A T TR P KL AR 0 5 1 5 A0 2
A BRNFR O BRI B R 0 AT 22 S A0 B A
WAL ZREVE 73 BT R A5 2 1 20 X 2 ALY
SRAP 514 & AT 20 %F SRAP 5] ¥k
AR B A8 N R 70 DX K 48 A 43 v I 3 77 X
Rl T EA T 22 25 20 A7 g W I 5 7 42 74 TR 22
T AT PR HESER

1 HESHE

L1 #F#
L1L1 KB

AR ] W P K LA Fusarium oxysporum
f. sp. niveum (FON) 0,1.2 54BNl b st
MR 8 B 5 25t DX SR 73 B85 B BRI AR TR L3R 1.
L1.2 350 A&

SRAP 5|9 i A T AW T2 CE) B A R
H]4 l, Trans Tap DNA Polymerase High Fidelity
(HiFi), dNTPs, DNA 4} 7 & #5 # Trans DNA
Marker T, %04 F 4 5 4 A W) He R A RS w5 T100
PCR ¥, T3 [ Bio-Rad 23 w5 LKA, AL HTS—
AR A

x1 #HiXEKRER

Table 1 Information of tested isolates
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Table 2 Sequences of the screened primers
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Upstream primer Sequence Downstream primer Sequence

ME1 TGAGTCCAAACCGGATA EM1 GACTGCGTACGAATTAAT
ME4 TGAGTCCAAACCGGACC EM2 GACTGCGTACGAATTTGC
ME5 TGAGTCCAAACCGGACT EM3 GACTGCGTACGAATTGAC
ME6 TGAGTCCAAACCGGACA EM4 GACTGCGTACGAATTTGA
MES8 TGAGTCCAAACCGGAAG EM5 GACTGCGTACGAATTAAC
MEI11 TGAGTCCAAACCGGTGC EM6 GACTGCGTACGAATTGCA
ME12 TGAGTCCAAACCGGTCT EM7 GACTGCGTACGAATTCAA
ME14 TGAGTCCAAACCGGTAA EM9 GACTGCGTACGAATTCTA

EMI12 GACTGCGTACGAATTCTC

EM15 GACTGCGTACGAATTGGT
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M: Trans DNA Marker I; 1-30: The electrophoretic result of Fusarium oxysporum f.sp. niveum strains No.1 to No.30; R1: Race 1; R2: Race 2
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Fig. 1 Amplified result of FON isolates by ME12+EM15
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Table 3 Pattern analysis of 30 FON isolates amplified by 20 pairs of SRAP primer

NG o SOWRBE SEUHE/A | SRR o . SEPORE/E SAMLKY
Primer ‘?i:;;jban&s\ Polymorphic Percent of Primer ‘;:c/)t\jban;ls\ Polymorphic Percent of

combination bands polymorphic bands || combination bands polymorphic bands
ME1-+EM4 24 22 91. 67 ME6-+EM2 22 22 100
ME1+EM5 23 23 100 ME6+EM6 19 18 94. 74
ME1+EM6 21 18 85. 71 MES8-+EMI1 15 15 100
ME4+EM1 16 15 93.75 ME8-+EM5 20 20 100
ME4+EM2 21 21 100 ME11+EM1 15 14 86. 67
ME4+EM3 18 18 100 ME12+EM9 25 25 100
ME5+EMI1 18 16 88. 89 ME12+EMI15 16 15 93. 75
MES5+EMS5 25 25 100 ME14+EM2 13 13 100
ME5-+EMI2 22 19 86. 36 ME14+EM3 16 16 100
ME5+EM15 19 19 100 ME14+EM7 18 17 94. 44
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Fig.2 Dendrogram of 30 FON isolates based on

SRAP marker clustering analysis

3 itig

FIF SRAP #4718t 15 Z AR B 45 R 3R BT
X 30 ANPY T A 22 T 1Y) 35t 4% B B A8 A AE 0. 69~
0. 902 [a], 25 0. 79, I3 17K 1k B A 4 52
TR ZFEE LA S . AT REAY T R VG TR 2205 1) 9
W FEARGEFD AT 155 A1 R IR R
[Fi] — s DX () b AT ek U5 A — 350, AN (] b XA -
WA R A R —Hu X

AWFFEIEREH T 20 XF SRAP 51 ¥14H &, L1
th 386 A% CEI XTI G W 19, 3 Mg £
AR 96. 1150, i FIRF & F A ISSR-PCR
Iy FHRCE AR B 28 R (90. 8200) . & F
Beos 5 YR AFLP 2 FhRic ARG 21 2 54
EL.(33. 620) » F AR JT B3 P41 DNA 7E SRAP
S FARC X o iR 2 8 HAER AR



« 198 -

5 4Ly

2018

B e 2R . AR SR RAPD-PCR
S FARCHAR RN ZBPE R 97 1800, M &
74O R B RAPD, ISSR fil AFLP = Fh 4> F47ic
AT X & B RAPD AN BB 4 R 43 B AR 53T » 15
BASTRL I 1 b i R R BT 48 7R 1R 382 45 6 R
6], FIr LATE A 845 R L S fFfE 25

FF SRAP AT 45F 254X 30 AP
R 53 3 A28 8E , SRAP ZEHE I 3l 43 15 b 3
ZIEAEZN LR, BSEE Y AFLP 4 Fix
TCH ARSI I, SRR T T PG I AL TS [] B Ak )
(SRS 2 5 R VR 26 25 R I A s B 3R 26 )
SRAP 43 FHRCH AR H , 44 #RAER TR 250
R PR Z A SR 556 22 5 b B TR B I A ek
17 FH RS ] SRAP 43 FARic AR Ak h2Rqi
BT TN AL TS [R) TR R (1] 1) 5 2% 06 2R 5 b FiR
VA — 2 A 3Kk ad L T ISSR 4 Fhric oy
BT 33 BROTHR JT T 15t % 2 ek SR B 27 3R AR
I A BT I 5t A% R (L 5 b DR PRt A —
MFIENE . ARSI AR A B, 24575 5 4
TR 1 i A 5 B R B A TR A5 B

S 3Lk

[1] NAVEENKUMAR R, MUTHUKUMAR A, MOHANAPRIYA
R. Occurrence, virulence and evaluation of essential oils against
Fusarium oxysporum {. sp. niveum causing wilt of watermelon
[J/OL]. International Journal of Plant Research, 2017, 30:4.
doi: 10. 5958/229-4473. 2017. 00181. 1.

[2] ZHOU X G, EVERTS K L, BRUTON B D. Race 3. a new
and highly virulent race of Fusarium oxysporum {. sp. niveum
causing Fusarium wilt in watermelon [ J]. Plant Disease, 2010,
94(1).92-98.

[3] AMARADASA S, SANCHEZ T, BECKHAM K A, et al. First

Report of Fusarium oxysporum f. sp. niveum race 3 causing wilt of
watermelon in Florida, USA [J . Plant Disease, 2018,102(5):1029.

[4] LIG. QUIROS CF. Sequence-related amplified polymorphism
(SRAP), a new marker system based on a simple PCR reac-
tion; its application to mapping and gene tagging in Brassica
[J]. Theoretical and Applied Genetics, 2001, 103455 - 461,

[5] ANEJA B, YADAV N R, CHAWLA V, et al. Sequence-re-
lated amplified polymorphism (SRAP) molecular marker sys-
tem and its applications in crop improvement[ ] ]. Molecular
Breeding, 2012, 30(4):1635 - 1648.

[6] GUENNIK, AOUADI M, CHATTI K, et al. Analysis of genetic
diversity of Tunisian pistachio (Pistacia vera 1..) using sequence-
related amplified polymorphism (SRAP) markers. [ J]. Genetics
and Molecular Research, 2016, 15(4);gmr15048760.

(7] ARE AT BRIBOA . 45, JE T SRAP HR i 14 #0214 38
2RI L] M ER Y, 2017, 43(4) - 145 - 150.

(8] BRIy WREY fl—1E., 5. VR mil v DR 3 B2 B L T ol 1 37 i B
P2H DNALT ] A4, 2010,20(6) : 49 - 51.

(9] TPtV BEAE . /3 T, 45 pu)i (3 =M% B SRAP s £
FEdE BT . R4 41, 2016, 38(6) : 36 — 44.

(107 7S PR EURRAR T, S5, SRR R TR 15 e B 4
FRH SRAP 23], PUILAE)~E4I - 2017.37(10) : 1941 — 1950.

L1120, PS5, 74 A 250 11 800 Y 1) 35t 4% Z2RE 2 A L 1. )
AR, 2008,37(2) : 70 - 74.

[12] FR5 it ot i . 55, FH ISSR-PCR 3 FARic $oR 73 R SEAl
SR AL 2L . LR, 2014(07) £ 97 - 101.

[13] Br&ZE, ko, 2R B Me . 46, W64 V8 A 2590 1A AR /R 245
FEL AFLP 204 [T ). sl B4, 2007, 40(5) - 925 - 931.

[14] BoxZe ik, 2 il 55, JE T RAPD,ISSR 1 AFLP X 74 A
FHR IR T 2R IEN LT ] T4 2008, 27(2) : 267 - 276,

[15] #E3 . A3 75 » o » 45, AR Jb b DX TR 2800 TR 38t 1% 2 RE P 43
HrlJ]. db5 B 2,2017(11) : 130 - 134,

[16] HnFah, GRER 2R o, 5. IR G 2R
KA SRAP 43HT [T ] LA 24K, 2017, 28(3) : 947 - 956.

(177 3KIR SC. 2537 R =6 e L 25, 33 MRASTO 8 ) st 15 2 AR P
ISSR 43#7 [T . A 252 %, 2013, 32(5) : 1195 - 1202.

(W% HAW)

(45133 5D

[92] ZHU Shiming. MALMQVIST E, LI Wansha, et al, Insect
abundance over Chinese rice fields in relation to environmental
parameters, studied with a polarization-sensitive CW near-IR
lidar system [J]. Applied Physics B, 2017,123(7):211.

(93] BT, #RASOKREAT 3 R S AR SR UESE[ DL
B WTLIE T K2, 2016.

[94] 2EmiRE. FET Android (7 DU S 8 B GOR B R GEWFR 5 52
WD]. # & LTGRO KA . 2015,

[95] MUKUNDARAJAN H,HOL F J H, CASTILLO E A, et al.
Using mobile phones as acoustic sensors for high-throughput

mosquito surveillance [J]. Elife, 2017,6;¢27854.

(967 BER . Kl ¥y, 22 T35 45, FRIE Al 3 b i s I BOR A TF R
R M IRA 2015,41(4) 9 - 15,

[97] CHEN Y,WHY A,BATISTA G, et al, Flying insect classifica-
tion with inexpensive sensors [ ]J]. Journal of Insect Behavior,
2014,27(5): 657 -677.

[98] POTAMITIS 1, RIGAKIS 1. Large aperture optoelectronic de-
vices to record and time-stamp insects’ wingbeats[J]. TEEE
Sensors Journal, 2016,16(15): 6053 — 6061.

[99] k3. FE TGP BIRIEY FE RZW B AR S B HID]. &
JIE < B2 AR R 2, 2014,

(FHESHH. W )





