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57 ¥R E ISSR &> Firid R HiZE S 44

wEE OB E OE T HRA FFR
CL AT AL BR2% B R BB B IEIF . AR 030031
2 WP AL K2 AR B PE KA 030801)

W OE AVMHEMALRARAREZUARBEAFNAFRHANEFLSFLE L 2. 2K RRAF 26 57 ki
# (Fusarium) A #F %5+ % . & A ISSR-PCR ARt R2f Lt 47845 2 M 547, & R AW A A 11 &3] 4 s 453X
69 3 Fh kAT ISSR-PCR 738, 4733k 121 £ 4565 AP S AMAEEA 11T A, S 5B HIH 96.7% . FHH S
I EAELEHE R &, ARG AR DNA G SSR R A AW 269 % AW 47 E a4 % 41 A ISSR
BRETHO>MN ., RESHEREAN ST ARG FEAAABM R A 0.568~0.992, B A4l & K A 0.568 B,
BXARTHE>ARKER.FH— LB IGTH 1~35. 2 A EMARIHMICE . 5 = £ 8 IG-11 4 36~57, 4
AEBMBIOE F _EBXTASABRKLER . — DL ARHMICE . B kA EEHILE ., ISSR £ 2%
SEREAA s LEZMAA —EMER. ML RBRERARLE, KFRGRRAA RSN RN BT B

HEE R,
X RIe; EAFSHM; ISSREAR; BEFEHE
hESKE S432.1 XEHS 1007-4333(2019)05-0098-08 XEARER A

Genetic diversity of 57 Fusarium strains based on ISSR analysis

SUN Changging', QU Fei', WANG Jin', YUN Xiaodong'. LI Xinfeng?
(1. Institute of Crop Sciences, Shanxi Academy of Agricultural Sciences, Taiyuan 030031, China;

2. College of Agriculture, Shanxi Agricultural University, Taigu 030801, China)

Abstract In order to understand the genetic difference and phylogenic relationship within and between the Fusarium
species in Fusarium oxysporum and Lee harp Fusarium group,the genetic diversity of 57 Fusarium strains separated
from different disease plants was examined by inter-simple sequence repeats (ISSR). A total of 11 primers were used
to amplify three Fusarium isolates. The results showed that 121 fragments were amplified, among which the number of
polymorphic loci was 117 accounting for 96.7% of the total amplified fragments. Each primer produced 11 fragments on
average. The genetic diversity was analyzed according to the amplified results and the ISSR analysis was adopted to
investigate the genetic diversity. A total of 57 Fusarium strains showed genetic similarity coefficient between 0.568 —
0.992. When the genetic similarity coefficient was set at 0. 568, these tested strains could be clearly divided into two
groups: The first group included No. 1 to 35 straines, which belonged to F. oxysporum ; The second group included
No. 36 to 57 strains,which belonged to Lee harp Fusarium group. The second group had 2 subgroups: The first subgroup
was F. verticillioides ,and the second subgroup was F. proliferatum . There was a certain level correlation between the
classification of ISSR groups and the classification of Fusarium strains, and there was no correlation with the
geographical origin of the strains. In conclusion, the 57 Fusarium strains showed significant genetic differences between
species and within species.

Keywords Fusarium; genetic diversity; ISSR technology; morphological taxonomy
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57 BRHRAL A ISSR 2 T hRic K H g% 2 #E 1k 20 A 99

B B (Fusarium spp. ) & fix 2 KA Y R
JRE R Z— & EAEY A 100 28, S & 4 F
ST A RN R R A R
G E RMEE-NERER HLR
() R » FE T 5 RV A 397 T8 6 T BF 55 A AR 98 1) 3
P HA G G AR Fh N A AR ] 8,
R H e 2K 8 42 420, H Wollenweber 2557 F
1935 AF H IR I IZ B 1 73 K R 4, Ja A pE R 4
TEDI0AMHBEBHHRRE . LEREHE
Pl S R B =R O R F R R R Tk o 2 N
Sy R T DL ) b 48 7S 45 TR R 22 (8] 09 Ak O
F 73 AR RN AN [ A0 B R A RNl i R 4 38
AT R EMBUREIRE . 4 KR EE Wk TIHZ A
T Ay F A T LUK G K OF SR 2 b S
LA TR S BRI R E R B REL KRS &
B R F A HT S DNA 2 FhRic 2 ik, H
i — A BI85 7 4 5 B DR P 9 0 A 0 ol 10 T
TP AT S5 o AL 45 AZOME U N e s R B X7 91 (I T'S)
BRI T T/ a WA N (EF-10) , B il 8 & 25
F1 3 [ (B-tubulin) %5 5 51, O Donnell 251 % i
(EF-1o) J7 51 % 4t 461 8 B B A B )2 19 40 264
Mo CAVTERIFNT [F— L AR I A — &
[ — BT AR RE UL B3R 5 VAR 58 A3 T iR 48
B Rl N B AL 4> 4k BF5E . AFLP.RFLP & RAPD %
EZLENE R N Rr SR S(INN IR (i AR S
RFEt o Hoh AFLP H AR 78 Gk 400 58 43 28 24 0F 53 o
R T BOR B AE R, il H A s AE A U T
60 26~ 70 Y6 Ay ] ol BT ok o A (1] o 127 ok A AL B2 349 41K
4061 . AFLP $ AR AT LU o e #6018 F ] 5 2 Fp T
SRR MR AT T B H R R A AE 53
Mr 2% T BRAE 2 6k DNA afi B K% o8 1) i Jo 58 20K
B A5 Bl 50T, RELP % R 2 BU DNA 9 T fF &
KU, RAPD $ AR HAG Al & PEARAY B

fAl B 7 51 FE 2 X [H) 37 3 2 5 P (Inter-simple
sequence repeat,ISSR), Bl ISSR #ric £ K, iZ B R
WA AP Tz A7 AE SSR AR i AL A= 4 B IR 4
e B SSR Bt S 1 . BTG S HES 1Y 1) B
ANKWEL PR A 5 W, 5 s ic A
M. A EE W 28 FEEiis. SRET
G 53 BT A L o T T v B R 2 A L #R AR
Ao o HL AT DL D0 PR AR 1 22 67 s Y 25 7 H AT 2 8
J7IZ R 45 W) b i 3 1L 20 B M R 6 4B
AT G A0 TR A SR ] s 2 AR B A

A RR A G S A BT X R BRI I FL oxysporum R
AHEME F. graminearum FL ML F. poae 5
WA TIE (F. culmorum) 25347 T WFo 2%,
00 4 Section Elegans 5 2= 3 2 ( Section
Liseola) & # /4 & & h 2 A #H = 19 4.
Wollenweber 1 Reinking™ & &k 8 37, Booth™* A
HIX TGRS P A A 1 R AR ST AR B XS
X 2 R T R B AT T A R R G KB
AIBIF ST, 43X B 2 A 1Y 8 51 3 — 20 g3 RUE 22 8
FEHFEAUESAENBRABCREL SR
GFC) XS BT M By BEHY Fusarium s J5OR I 357 Fh
oy AR Bk A6 W w TR BT 2R A0 ik 1 K G Fb
(Fusarium oxysporum species complex, FOSC) ,{H
X A 22 B50HT S 1 I 9 RE ) 5 D i T R ) BR A
S P A T B AT SRE . H o S
Ho R E (F. oxysporum) 22 B4 L5
Mg 1 5 (F. wverticillioides) 5 )2 4 4 # / (F.
proli feratum) ¥ Ry H 72 8 UL ) A 9005 TR B, R ik
LT T 51 S 22 Rl W A A 2 AR RS 2 A Bl A
TR S 1T A R S AR T R K R L 2K O A
0 2 SR A AT R AR T R R O, A B
TR ] ISSR 73 FARic AR . XF 57 #k 3 FhA [7]
6L TR 114 358 1 22 A M R AT IR AWT 5, 43 A HE R[] 55 Fib
P B G 2R 5 ST i AL 7T 9 DNA-TSSR A8 8 5]
T S R 2R DR VE R Y TSSR 23146 I 2 AR 41 it
PSRN o R GRS SRR S R A

1 #MB5FE

1.1 RIe 44
L1 #XEHK

HEC Y 57 FRSRIE B HY L VG ARl K 2 A 2 B AR
Yy s B2 S 3 SRR L 35 O O W) A 32K A AU Y B
B, IR Leslie il Summerell-'™ {1 85 18 56 4 2%
F M5 Booth™ 732 R Go st LR B MR i 1T T A5 24 2
EC AN A RS ORAEH AR 1. B2 518
MR BERN E H o 2RO oh , Horp 15 .3~ 35 SRk
h T RS TR . 38 ~39 5 43~46 TOHA A
J2 LR Bl AL TR A T R Sy 2 B A AU R A T
1.1.2 B354

Mo £ K3 & B 12 b F K 2% University of
British Columbia fF 2 4 B9 /7 %1 77 3% ) T+ ISSR-
PCR I [ 11 2% ISSR 5149 )3 515, L 51 4
e TE T B A Y ARA R A A .
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Table 1  Strains tested and their sources

i FE RS AR H ETRE FE [ER73 KA H
Code  Host Strain Sampling field | Code  Host Strain Sampling field

1 35 RIBHRAAE TR 30 =1k 2 1 9 £ 7 b RE T

2 535 AR  PaA AR 31 =4k RIGRIL B NS NG

3 BE RAFHEAME  LPEE R 32 iR 2 70 e 9t TR LI P A A8 £

4 35 RAGRAE  LTeE KRR 33 [LLEPIN 9 FL Hie 0 T VRS =

5 RE KA INIES NEE 34 i I f e 9t TR IR N/

6 =PI RIEHAE P EER 35 (D) 2 1 9 £ T v 45 AR &

7 9N AR T E R 36 =) LG A e T T VIR =

8 )N RSk S AT IR = 37 £ 35 LR A e TR T TN E S N

9 R RARAE i PEA KT 38 B3] JZ A R A VRS NP
10 K SR SN IR N =0 39 HE A SR I7E 4 KA B
11 [P KRR LA KRR 40 KRE TS B 1 TR TR AR
12 YN RIHRAMAE P RET | 41 LE BUREHAE  LlEE RS
13 [P RAHEAE i E 42 KE LR A e TR T LV 4 B
14 [LP)N RAPRAAE  LTeE AR 43 B J2 R T VRS NP
15 PO# RARAETE s KA R 44 B JE A SR Yl ES: N
16 il RAEHRAAE  LTEE AR 45 R LR Sl 1L 7Y 48 i e T
17 gl IRAURATE L PE A R IR T 46 EP)IN LR T VRS =
18 B Tk AT TR =S 47 Jili ¥ LR A e TR T LIV 48 B
19 iR RIHAMAE  ILTTEAE 48 Tl ¥ LA B 1 1A LV 48 B B
20 i AR PeE R 49 iR LG A e TR T VIR =S
21 Tl R L PYA P 50 ¥ PLHS B 7 1R L e 4 By BH T
22 IS E RABEAHE TG EH R 51 i PUREBRAE  LTEERAE
23 iTKia Tk SN IR N = 52 7 i FLHE A e TR T VLR N
24 i 4E KRR T EERE | 53 IR SR RCERAE P KA
25 FRAE AT PYA BT 54 R LG A e R T 1 7G 48 K [6) i
26 W1 RAPEAHE  WLTGE KT || 55 WM BURRCERAE T RIE T
27 2k XSk SUNT IR 37§20 56 + 5 FLHE A e TR T INIE D N
28 Z R RIAHAAE TR 57 LR LS B L 1A TN R A
29 =1E IRAUHRATE WAL fE T

1.2 F#i& BER DNA il £« SR A ek B9 SDS 32 42 Bk 4
1.2.1 B 235K BAM DNA 4 & P E R 2] DNAYY J5 . 248 1.5 % Bh g B B i L 9k - >R

BRI 22 35 97 « A A A1 SR U PP 4 B A0 T R A L
T 27 CHERGHFR 7 d 5 ilsE 2ttt .

H GIS BE BiA% 43 M7 » 2 B8 DNA-Marker #j 52 H 4>
Fam KN R AN T R i L i G
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57 BRHRAL A ISSR 2 T hRic K H g% 2 #E 1k 20 A 101

ali /K F BN 20 ng/pl, BT —20 CHEH.
1.2.2 ISSR B4k & BB 5 A4

ISSR 4" 58 S i A4 2 < S AR & 3k 20 pL, A 45
0.4 pmol 5[#7,0. 15 mmol/L 4 X dNTP, 20 ng f&
# DNA, 1. 0 UTagDNA % & fiff, 2. 0 mmol/L
MgCL"™", PCR ¥ #% Jx I # J¥: 94 °C il 48 ok
5 min, BAEER .94 CAEPE 45 s,iB k45 s J5 72 CHE
12 min, 40 NMERGF 72 ‘CHEAH 7 min, B H5ET1Y
3R IR BEBEE 3 BB 3 ) R 5 W PR HE A
T RE R TR 1 CC AN THER IR 2 °C 3 A4
T VARG 1 5 Vo B AR MHEE S (7% 0.5 mg/L
R Ge 65D 73 B 97 14 7= Wy . A GIS Bk B4 & 48
HEAT AR B
1.2.3 ook it Sk R BB S it o AT

HL UK 43 B ISSR-PCR 7= ¥ J5 » i 5% 545 | I 1
PGSR UK B b R AR AR S 1) SRR
DNA B AMY 1 X85 E 6 sl AT IE 2 1 A5 T4
ic. ¥ PCR "8 19 DNA S50 5 45y — i il 55080
ARAIC A 1, A BN 0. 8832 0/1 JH B,
F A NTSYSpe(Version 2. 10e) #E17 B2 #r
JEA g ) RN R G R KA.

M1 2 3 456 7 8 9101111131416 16

- WS = -

-
- -

2 HRE5SH

2.1 X E#k ISSR-PCR ¥ 4 R

HE3AY 11 45 ISSR 514, bR 514 884 1B K ikt J&
R 54 CH I RCR F b Ah A 5 1 i TR O
¥k 52 C, 11 £&51¥ % 57 4 ki ISSR-PCR
PG S5 WYt LR A Y B L AN [R] TR AR 2 ) 22 S e
R .51 808 5 Ay A 9 G 25 WL I 1, BT i
TE Y 51 W) ¥ A] T AR T s A 2 AT .

HE A R (1) ISSR-PCR 4 15 245 5 R W] 11 47
Prak g 121 K%, KZ 40 T 300 ~
2 000 bp, Ho BRAEME LA (BN S A 117
A EZBPEE R 96, 7% . ANIE B WP A
BOR KIS AW B 5~14 4. PR35 E
LLAS . o 809 5 51 W) 9 3 & A $ &
(5 %6) .17 807.889.891 5B ¥4 14 i ¥ 4574 B Ik
Z(14 5.
2.2 HiIXBERERESMAERREEHELES

57 Bk 8k £ & 19 ISSR-PCR 5 2 43 #7 45 51 WL
B2, 25 5 3 W Ak ik o 0 o8 25 B R A L R 2K
0.568~0. 992, fEit e AL R LRy 0. 568 B, AT W] &k

17 18 19 M 20 21 22 23 24 25 26 27 28 29 30 31 32 33 24 35

(b) . M 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57

4000 fond

2000 [ -
1 500 [ -
1000 -="'

-—

- TN S 0 Gl WD s e e e e e e

M, Marker;1~35 AP ;36 ~37,40~42 Fl 47~57 R Bk 74 5 38 ~39 Fl 43~46 N2 EHkME. FH.
M, Marker;1 — 35, Fusarium oxysporum ; 36 — 37,40 — 42 and 47 — 57, F. wverticillioides; 38 — 39 and 43 — 46,

F. Proli feratum. The same below.

1 808 53| #13f 57 4~ 7 B & E 42 DNA #J ISSR-PCR # 5 R

Fig. 1 Amplification results of 57 Fusarium strains with primer no. 808
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Table 2 Amplification results of 57 Fusarium isolates with 11 ISSR primers

iRk P38 Sl EA Z B/ %
GIE7/ ke 751 . , " .
Primer No. Sequence WE/°C  No. of amplified No. of polymorphic Percentage of
Tm bands bands polymorphic bands
807 (AG)T 52 14 13 92.9
808 (AG)C 52 12 11 91.7
809 (AG);G 52 5 5 100. 0
812 (GA) A 52 9 8 88.9
831 (AC)s YA 52 12 12 100. 0
835 (AG)sYC 52 9 9 100. 0
884 HBH(AG), 54 11 10 90. 9
885 BHB(GA); 52 10 10 100. 0
888 BDB(CA), 52 11 11 100. 0
889 DBD(AC), 52 14 14 100. 0
891 HVH(TG), 52 14 14 100. 0
41t Total 121 117 96. 7

O\ = — — 00—
oo S

)
Il

16

34

13

22
{

|

47
—,—‘ 51
50

4ﬁ . '

f
0.568

T T ; ; j T T
0.674 0.780

AL AL 2 BL Similarity coefficient

2 PRBEE 57 N HE KA ISSR BE S E

T - - r -
0.885 0.992

Fig. 2 Dendrograms of 57 Fusarium isolates with ISSR-PCR
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G2 ANEREL BR S SRS B —RRFAG- [HE
34 KRR, 4R Sk E TN 41 A T R A B L S R
(IG-1)21 HREEBTE Y E T 25 AR, 2 H bk
Zls i 22 5 W . e s AL M LBk 0. 656 B,
IG- 1 XuJ %50k 2 ASWE2EHE5 SRy 1 AN
KRV IG-T -0 HoAy 34 RTA AR B 96 187 4= 3 R 7
WERRBEIG-T-1 iR 2 N RBEEL LR
VT ABATEAE AR W 0 AR 25 S, TR AL AL B
0.676 B IG- 11 T &) 734 2 D HE, Hirp 36,37,
40,41,42.47.,48.,49.50,51,52.53.54.,55.56 Fl 57
SRR AE W IG-T1- 1 . 4 %8 0 6 B ik A0 78
38.39.43.44.45 1 46 SRR EW IR IG-11-1i »
A E AR . 2 AW T DL — A gl Rl
S REANTRE. Mt B AL RECh 0. 992 B, it
57 PRPE A TP 43 IF . 3 U B[] Ah P 2% B PR ] £
1E W] i iy A% oL B4

FIH NTSYS B AEXE 57 A Ak P9 P 22 ] 1 38t
AL R BT 5 1t 3 T PR 1 a5t A% A (L R 8K
[T 0.421~0.992,F K 0. 680, Hrh 56 5 Hl
58 5 DA AR ] 1Y AH 8L 3R B e KR 0. 992, 35t 1% 1 B dc
NGRSO FR B LT3 45 R 42 5 TR K [ 11 35t % A
RLRB E /NNy 0. 421, 38 4% 1R B o R, R 4% K R i
. PHIERE RN IG- 1 5 IG-11) [a] #4481 & 30 2
0.568, 55 “RKBEAG-THN 2 MEERBAG-I-1 5
1G-11- i ) ] A AL R BSE: 0. 676, & —KBEN & B
Tk 1) B4 1 247 RE Bl 22 B0 0. 680, T 285 2% 45 5 H R ik
TR (IG- 1 - 1 2SR Y 45 B PR (8] °F 257382 4% AH DL 3R
R 0,789,455 " RBEAG- 1) NETE B2 % & K
FOA R T (IG- 11~ 1) A9 4% B A (] 1 °F- 25 A AL 3R 8K
JE 0. 834 B A F Y R AR (G- 11 i1 H A%
TR 18] B S 4 A AL 2R B0 0. 729, AT DAkt 5 2 4
76 TR [R] 1) 388 1% AH AL R 0/ T Fl 1] 79 A AL R 250, Fif )
188 12 A AL 2R LN T P 45 TR AR ] 7 DL R 4K

3 WREEiR

ISSR 5 2 73 M7 5 38t 1% AR o1 23 B 45 R & W
ISSR ZERE&] 7> 5 &2 KM W 5. 5 28 K
A OGRS s At TR 1) 45 SR A AE —
SEZESE . AEAN AL AL FH DL 2R UK PR L ik 0 B A
A5 TRl I B 2% % OC 28 B L8] S 30T, Aol oA SR D G
L P9 25 B B (138 AL 20 A W S o A0 T B AN TR) b 2
T3] 760 ) Foft DAY 6289 AN ) T [ 5 AS AR B 25 PR 1 R B
— R 22 5 7F DNA 7 7K F E A R B 5

K25, Hili i ISSR 4 F bric 2 AR B AE f e 14 bk
1] 1) 53 25 56 22 o DT R A% G5 43 25 2 i 2 B 1) S %
R AU EAR A4 . Dubey Fll Singh™* #f 55 2R
69k 401 78 Sz Dinolfo %5 i 5% B4 16 4 1 17 1) 35 4% 43
b J B 4 724000 i) BTSSR A4 16 TR 25 0% 1
M Z FEPE . L AF T — e . Mk, ISSR
G FARICEOARAE R 1 Fh a7 B A 2400 4 F bR id 7 i
HEAT A0 B R ) Tl 4 352 1% 22 FE PR 53 BT, 3PS AS
[7i) b, DX 45 0 A7 b A 245 A0, 48 5 SR 96 1R 5 5 OO B R
TREHEAREZERLERE L.,

A GG v 2 A ISSR 28 1) B8k 43 31 oy 26 T 21
5522 TR A BRI TR L 2 JSE ) 1 35t 4% A L R £0<20. 6,
LR i A0 1A 5 2% A R 7 T R T 1Y 35 A% AH 8L R 8K
0. 6~0. 7, Fl &R EERIAHM R B >0.7, £
AL AR A M 9% T 4 4R 76k 0T B R 2F 35 ik D B I
2T RAEXT TR 2 21 Bk 3 Fh 4 7 BA 2F 47 ISSR 35t
e ZHREE 4y B, 45 3R B, Bl A0 A ISSR 2 B 1) Rl
SEHIEEHBMA —E B, SR —
. AR Bt A5 H R 6L B R Y 45 TR RE DO X 3t AR
ML REI >0, 6 4521, 5 KW 58 45 0 17 1 2=
S P A O Hie A R A [ 43 28 B oT L i 2
SrHE LR X REA R T — LR
it

3 3 % AN (7] o e 60 B TR R R TR A 2 O (]
O VR 11 T) ol 5 6 BT PR AR B ] — b XA [) 2 32 19 (]
PR T HE T AR 2 ARV 3 B L A5 R R ViR TR B AN
IFi] 5 6 A1 A (] b P 389 7 A 5 R 1 38t A% 434k, HL R
S TN e o i T £ [ S O = B P (S
Yuan %507 43 B R [ FF 2 R F R IR A SO0 2R
T HEAT T 8% Z2 R o BT . 45 5 A BIE 5% AH [R] 1Y)
SEAL . MTBREDS X ) AR AR 4R R
S0 IR 9E T D A R 5 05 I 2 Bl 7L TR L JRR A 22
9o S SR A0 TAT L 9 At A1 2 I % Ak R K ah s A 1T
25 B R IR VR T [R] — & Ak AL Bk [R] R 2 3 09 115 T ik
TE1) F) 38 £ AR BL 1 5 H e R R 52— M OGO A
[Fi] — b DX ) B ok AR DL 1 AR X 95 8 I 2 IR, T R
X b 45 5 1 S5 DR T A 5 3 S YR 0 A Y R S A A A
2SR ESA ., AN AR b, ok A AR %
14 T A R e 5 i B s AN AN o B8 AN 22 TR AR T 1Y)
KR ORRILEE T ISSR K38t 1% 22 4% P 8] 0 Ff b 2
AR OE RA — o Jm BRI 16 5 2338 o B 2 (0 R
AN LAY - LAAS HhERR AR 22 1 45 e .
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