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Abstract: To develop EST-SSR markers for genetic diversity analysis of Fusarium verticillioides and
related Fusarium spp. strains, the SSRs of Fusarium verticillioides were analyzed and EST-SSR primers
were designed based on 87 086 ESTs obtained from NCBI database using bioinformatics method and
PCR technology. The genetic diversity of 15 F verticillioides strains were analyzed with the polymor-
phic primers screened. The results showed that a total of 11 952 SSRs loci were detected with a frequen-
cy of 1.09%, and 592 types of motifs were identified in F. verticillioides ESTs. The most abundant motif
was trimucleotide repeats (54.00%). (CAA/TTG)n occurred more often than other repeat motifs. The ef-
fective amplification rate of the 25 designed primers in F. verticillioides strains was 80.00%, and
32.00% of these primers were polymorphic. The rates of amplification transferability and polymorphism
in five Fusarium spp. strains were 40.00% and 8.00%, respectively. The genetic diversity results indicat-
ed that all the strains were clustered into four groups with a similarity coefficient of 0.664, and there was

no correlation between SSR grouping and the geographic origins of strains. Obvious genetic diversity
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existed among the strains. The results indicated that the EST-SSR markers could be used to analyze the ge-

netic diversity of £ verticillioides and related species in Fusarium.
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A E Lactuca serriola 5 H T ekl , DL Kok 5 5ok
VHIE 7 M B B 1558 Portulaca oleracea 347 T EST-
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AR G5 A 20 %], HATRLY 1R K 80.00%;
A 17X REE Y 1S 1 5 WU R NI ) B, B
[ B Z 8L Yk 8 X%, i 285N
32.00%. 8XFZ 451 SSR G149, 78 15 HR4L A8 Ak 1
FH G 27 A R B, Hoh 28 AR 24 5%
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Table 1 The major motifs and their frequencies in Fusarium verticillioide ESTs

G- FEICRIEL & STH K i 4 SSR I L 1] HBAT R
Repeat type Number of motif type Repeat motif Number  Proportion in all SSRs (%)  Frequency (%)
TR 7 AC/GT 62 0.52 0.57
Di-nucleotide TC/GA 60 0.50 0.55
— AR 29 CAA/TTG 784 6.56 717
Tri-nucleotide CTT/AAG 559 4.68 5.11
GAC/GTC 409 3.42 3.74
GAG/CTC 380 3.18 3.48
AGA/TCT 358 3.00 327
ACG/CGT 300 2.51 2.74
TTC/GAA 299 2.50 2.73
CCT/AGG 290 243 2.65
GCT/AGC 239 2.00 2.19
ACA/TGT 229 1.92 2.09
TGA/TCA 223 1.87 2.04
TGG/CCA 213 1.78 1.95
CAG/CTG 206 1.72 1.88
CCG/CGG 203 1.70 1.86
GGT/ACC 158 1.32 1.45
TCC/GGA 139 1.16 1.27
ATC/GAT 134 1.12 1.23
AAC/GTT 133 1.11 1.22
GTG/CAC 130 1.09 1.19
CGA/TCG 121 1.01 1.11
GGC/GCC 92 0.77 0.84
ATG/CAT 84 0.70 0.77
TGC/GCA 64 0.54 0.59
PURZ TR 112 CTCA/TGAG 99 0.79 0.91
Tetra-nucleotide TTTC/GAAA 91 0.76 0.83
TATT/AATA 72 0.64 0.66
AGCG/CGCT 67 0.56 0.61
CTTC/GAAG 65 0.54 0.59
ATCT/AGAT 64 0.54 0.59
TCCA/TGGA 62 0.52 0.57
CTAC/GTAG 60 0.50 0.55
AR 201 CAATC/GATTG 91 0.76 0.83
Penta-nucleotide
ANIZH IR 243 GACAAC/GTTGTC 732 6.12 6.70
Hexa-nucleotide CGACAA 637 5.33 5.83

BTN T 0.5% BFHEITASI . The repeat motifs with the frequency less than 0.5% are not listed.
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Table 2 Amplification results of 15 Fusarium verticillioides strains with eight polymorphic EST-SSR primers

pron=) N A2 A EZ 0
gl%ﬁ? 519751 (5-3") EEHIT RARE BOSP=Y) (bp) 7 iRAH Number of  Percentage of
Primer . . o Expected Number . .
Primer sequence Repeat motif T, (°C) polymorphic polymorphism
code fragment of bands bands (%)
LZ2 F: TGTCCGAGTCGTCTGAAT (TCC)6 57 378 3 2 66.67
R: AGAAGAAGGGCAAATGG
LZ4 F: GCGTTGAGATACCCTTTCG  (AAC)9 60 214 5 5 100.00
R: GGTGGTGGTTTCCGTGAG
LZ5 F: TTCACAACGACCGTATTTC (CAT)6 58 344 4 4 100.00
R: CTGCTGCTATCACTTCCAC
LZ14  F: GTCTCGTCCAGATTCCTATT (CAC)8 59 160 3 3 100.00
R: GTTGTTGGGTTGCTTGTG
LZ18  F: GCGTTGAGATACCCTTTCG  (AAC)9 60 214 5 5 100.00
R: GGTGGTGGTTTCCGTGAG
LZ22  F: GTCTCCCGAGTAGTTGGC (AGC)6 60 386 2 1 50.00
R: AATAGTGGCGGTGCGTAG
LZ23  F: GTCTCCCGAGTAGTTGGC (AGC)6 62 379 3 2 66.67
R: TAGTGGCGGTGCGTAGTG
LZ24  F: CCGAAGAGGAGAACGAGC (GCA)6 60 403 2 2 100.00
R: GGTCCGCAACATAGAGGG
A1l Total 27 24 88.89
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1 3N IR E EST-SSR 5| I 7E S P E R 18 4E R
Fig. 1 Amplification of three Fusarium verticillioides EST-SSR markers in five Fusarium species
a: SIWILZ4; b: SIMILZT; c: SIMLZ14, 16~19: JURAMLE ; 20~23: JH HRALET ; 24~27: PRSI TS s 28~31: ARG
I 5 33~35: RAYEMTE . a: Primer LZ4; b: primer LZ7; c: primer LZ14. 16-19: F oxysporum; 20-23: F solani; 24-27: F.

semitectum; 28-31: F. equiseti; 33-35: F. graminearum.
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TE 5 i G fidel i Ay, (s | 1 247 32
B L2543 51K 66.00% 1 19.00% ., 1EJFi 4
TR JES R R AL TAT P PR AR A TR L A T B A TR IR 2
e 00 B P BE A ST B Y 51 W By B R 17 R
(85.00%) . 11 X (55.00%) . 11 X} (55.00%) . 12 %
(60.00%) .15 %} (75.00%) , Horp B Z 58519
43514 6 %t (30.00%) .5 %} (25.00%) .3 %} (15.00%) .
2% (10.00% ) F113 % (15.00% ) 5 L3 20 X 5| 4 vh A7

17 X REAE AF S A g6 s b i, B 8 T AR D
Hh 4 PP T Th AIE T3 (3R 3) o 7 S AR A
BIREA R BB 51 10 %7, b (RS 1 4 S0
50.00% , ¥4 7R Z A ME S A 2 %8, 5051 R 51 )
LZ4 F51 9 LZ18, k5 197 85019 10.00% . %11
(425555 |90 5 i ifs 160 BT P 1 38 FH R Fn 2 2%
5124 40.00% F18.00% .,

R3 MR RHEAEE EST-SSR3IMESHRAFPHER M S5

Table 3 Transferability and polymorphism analysis of Fusarium verticillioides EST-SSR primers in five Fusarium species

i 1R Gl FH ) ZAVET R (H%)

%ﬁffn Noiljfiers NO'. of transfer.able No. .of polymm.*phic
primers (Ratio) primers (Ratio)
LAV F oxysporum 20 17(85.00%) 6(30.00%)
J& Bz AL F. solani 20 11(55.00%) 5(25.00%)
2ERIRIE A F semitectum 20 11(55.00%) 3(15.00%)
KIEHRATE F equiseti 20 12(60.00%) 2(10.00%)
RAEGRATE F. graminearum 20 15(75.00%) 3(15.00%)
TFH{H Average 20 13.2(66.00%) 3.8(19.00%)

2.4 EST-SSRIZEZHMESREST

Btk 1% 400 5 Bl 7 T R R 1B 35 A% A B R B
0.507~0.933, F-1 15 0.678, Hirh 0 B A K& 12 5
FERRS43 85 H R IR 155 Bk ] et 14 AH DL R 400
NS A BHIRAY 55 A1 7 S R AR B AE AR, R B
Ko R HIIX 25 bk (H] 38 1% AL 2482 0.733~0.933,
B b [X K 0.547~0.813, AL HL X A 0.720~0.867
Ui B A AR TR R () 38 % - FE I

MERE AR LE L, st PR ECh
0.664 I, 15 BRIULFE AL SR A T 1% 43 i 4 1~ SSRZEHE .

SIS B A P b R 2 119 4 RK TR R 2025
T L DI Y3 ) T RR TR s 5 12 A 70 B HORAS Y
PPk Taigud; 55 2R 1Y 3 BRTA 4707025 A X,
b TRk A BH L 2 80k FORAS 568 TV 2RBF 46 45
5 R B DX PR ) 2 BR TR A b DR A 1) 1 B
B, DA Ry B A DR R 4 s ik o e BH R
73 Hby JHRUR I5UR [) 1) B AR 20 BCZEAS [] 1) SSR A, 1T
TS 3 b B A VAN (] P PR R A SR AE [R]— SSRZEHF , i,
BT SSR B i X] 435 TRk 1 i LR Y V8 A A DG 1k
(K2),

Taigul

Taigu3

Taigu2

Taigu5

I

Linfenl

Taigu4

11

Taigu6

Taigu7

Fenyangl

T
-
—
_i

Taigu8
—  Datongl

L———————— Datong2
v Datong3
| Yangchengl
! Yangcheng2
T T T T 1
0.653 0.723 0.793 0.863 0.933

B RS Similarity coefficient

2 ITAE ISR R RE R R SSR BR ST E

Fig. 2 Dendrogram of 15 Fusarium verticillioides strains based on SSR-PCR in Shanxi Province
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A 25 R E I, I 87 086 45 LA KL Bl 100 1
EST F 41 rh 225 #8 51) 11 952 4> SSR 47 4, 3 592 Fi
HEILICHRM, AR It I 0
Z o IR e i & (CAA/TTG)n BT IE A,
BTG R 25 X7 SSR 5 [+, 20 %5 [ W RE S TEHU4E
RO A 1S T 28T A 8 X,
FE 5 T S A R R bl B 5 10 10 %, b
2 XHTE S PPk AL Fh P 24 s 250 . SISk
PRI AE ZRE M BT as R YA LR BN 0.664
iF, (AR R T K140 oh 41~ SSR SR, (H S RE R 43
5 BER IR TC G . AN [R] B Rk (R AF AE B S st A oy
k., i HIF & /9 SSR 5| W76 T S i ol v AT — 2 1)
P Ul R T AR AR R 40 8 EST P 51 F & 1
SSR 51 A] HI TSR0 o S A st A% 2
FEE ST -

Kim et al. (2008) 55 Levdansky et al. (2008) A
BRI AEREL A 7E SR A8 b g X
FRFIN N = H RS ASETTRERITH], AT
MR DUAZAT R AT TR AR )P 51 W 22 H B E AR R
DI, A0 25 SADTIE X — 2598, BIDUEe A et B
EST-SSR 73 1ii 746 W it () A M, = R T IR S &2 7
51k £ S, i SSR 1 49.40% , Hok s
Fi T4 7 31, fi L SSR 19 20.41%, Mahfooz et al.
(2015) .Kim et al.(2008) 55 Kumar et al.(2013) F{#F
FEAFH T2RMUZE R . RS AT 85 gt X I
HERS 2748 5 | L () =A% R SSR Z il A K .

ABEFEITF EST )P HIIF % SSR 514, & W 51
YIFEADL A A A P A ) B R 2 2R il
} 80.00% 5 32.00%, 1% — &% 5 54T 155 (2012) il
Leyva-Madrigal et al.(2014 ) & T fUU5E A% Bl 0 1 42 Ik
217 91T & SSR 51 YA 8 B B M EZ A
JARTE], 1% AT g5 B 3% SSR AV 5 04 51 18U
R AT R i 52 2 J A ik 4 I 28 A G, LR A
WA R T — AT IESE

8 X Z A1 SSR BIWITE 15 HRALL AL AL et 1] rp 4t
PRI 24 X 2 AT, 2B ME R N 88.89%, it
TR P st R AR R AR 0.678 , BRI X5 |
Y AE U050 i F6L TR P PN BB AN 2 = st L 2R
P, X — 25 1 52558 KA (2015) e FA Bk 18 EST-
SSRst f& ZFEME TR S S5 1E— 8. RIS
TF & B9 SSR 59 1T T HL 56 B e 4 B 148t 1% 224
PG, S5 e s A i g e e 2 TR
“EHLR

—BAEHL T, RS AN [F A A ] EST-SSR 54
P48 m T R R 50.00%~100.00% (Peakall et al.,
1998) , /A [H] Flt L 17 [6] 1 9 14 A% 2 R Oy 34.00%
(Dutech et al., 2005; Varshney et al., 2005) ., Draca-
tos et al.(2006) F| F 55 % J& 22 545 A1 EST-SSR 514
Xt 6 Fh LR HEAT T B8, )R Ry 22%~53% ; Ku-
mar et al. (2013 ) #; ] ] 70.00% A 2 5 0 % EST-
SSR 7 | e A i i A . ARWEFER A
5191, 45 40.00% RERSFE 5 Pkt S 0 1 AT 5
14, UL LA EST-SSR 5 | W i e fh b A 3
()38 %, 3] BB R 40 00 R G Bl (SSR T AL &
SR [ R e 2 A O T) At b — A5 UE S 3
SR EST 78 - & S 48 7 38 H1 19 SSR AR 5
YIERTATY
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