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Table 1

Distribution and number of F. graminearum species complex

AKX

Ecological region

SRAF: 55

Sampling site

i3 ie

Number of strains

Bl 199 b X

South of Gansu . )
e shui county,Qin’an county

R BMX ST R SR F N E R E KR FER R
Diebu county,Qinzhou district, Zhouqu county, Zhangjiachuan county,Cheng county, Qing- 23

B A B A I Ak S X P21 B "
East of Gansu Huachi county, Huating county, Heshui county, Kongtong district,Jingchuan county

; . MEE CSFIX s GEE R ZEX a7 8
B 21X Linxia county,Pingchuan district, Jingyuan county, Tongwei county, Anding district, Huin- 30
Center of Gansu ing county
0] 7 5 R X e X 30

Hexi Corridor Ganzhou district, Liangzhou district
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Table 2 Genetic diversity primer of F. graminearum species complex

¥ 1P H (5" —>3") 5 ST H (5 —>3")
Serial number Primer sequence(5'—>3") Serial number Primer sequence(5'—3")

gl ACAGGCATCCAAGGACATTT gl0 AATGCAGTCGATGGGAAACT
GTTTGATGGCGCATTCAAAG GGGTTCCTTGTAAGTGGCTG

g2 GCAGGACCTGGATGATGAA gll GCCCATTACGTTGAGCAAAT
ATGTGTGCAGCCATGAGATT TTTTTCGGTCTGGCTATTGG

g3 TCCGAAGGTAGAAGCGTTGT gl2 CTCTAGTGGCAGACCCTTCG
TCAAGCCCATCTATGCTGTT CTTGACATGTCGCGCTTTTA

gd AAGAGGGCGTGTCTCTGTTTT gl3 TCTGTCGTTGACAAGCAAGC
CGCTTCCTTCCTTTCAATTC ACGGACCGACGACATAACTC

g5 AAGACTGGTCAGCAGTAGGGA gl4 GCGTCGACTAAAGGAACCAG
TGAGAGCGAGACTGAGCATGA TCCCGACGTTAGAGTGGAGT

g6 AAACGTAAACGGATCAACGG gl5 CCTTGTTCTTTCCACCCTGA
AGATTCGCAACTTTGTGCTG ACGAGGACGAACTTGTTGCT

g7 TGGATATGGTTCCCCAGCT gl6 AAGCTTGGGGGCTAACATCT
TACTGACCTTGAGGAGCACCATAC CAGCTTTGGCGGACATTATT

g8 TATGATGCAGCGAATGCAAC gl7 TCACATATTCAACCGACCCA
TAGAGACCTGGCCCATACCA GCTCCGTGTCCTTTCATTTC

g9 TTTTGGGTGTTGAAGAAGCC gl8 GACGGATCGTCGGATAGGTA

TTTTTGTTTGCGTCGTTCTG

CACTAAGCTGCTCCTCCACC
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KTQ-4, KTQ-19, KTQ-16, JCHX-19-1, YJ-1-1, AD-13
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6 £H595506.1 F. graminearum

MK896870.1 F, boothii

ZY-1-1, ZY-14-1, ZY-21-2, HA-10-2, HA-3-1, HA-18-2, HA-2-1,

HA-26, 4-8, 6-2, 15-1, JCHX-6-1, JCHX-6-2, 2-1, 2-6, 5-6, 12-5,
50l QS-14, QS-16, YCH-5-1, 9-1, 17-10, PC-15-1, YJ-6-2, TW-9, AD-14,

ZC-1
69 EU128238.1 Fusarium sporotrichioides

70

99

—_—
0.0100

HM134857.1 Fusarium kyushuense

HM134858.1 Fusarium chlamydosporum

KX454507.1 Fusarium proliferatum
1Q432381.1 Fusarium andiyazi

45 _|:KT447148.1Fusaﬁum temperatum
82 KP126606.1 Fusarium subglutinans
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The number of nodes in the graph indicates the number of times that the same branch can be clustered in every 100 cluster analyses
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Fig.1 The UPGMA cluster map of F. graminearum species complex from Gansu by TEF-1a gene
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Table 3 Distribution of F. graminearum complex species in four regions

=3

INETERARAERTSH

Ak . P AKX T PR &
Ecological region Strains Species Ecological region Strains Species

Egi;%ffrﬂodjl(limzhou District ZY-1-1 F. boothii Ilzzaﬁi(%%;fsﬂlﬁngChuﬂn County JCHX61 . boothii
ﬁgii%:ffrggj‘l(limzhou District ZY-14-1 F. boothii Ezafj:; i(%%a?fs{jlﬁcng(ihuaﬂ County JCHXAT2 . boothit
ﬁeajiigflﬁrgodj‘l(limzhou District 2Y-21-2 F. boothii Eza/?:; i(%%a?fs{jlﬁcng(ihuaﬂ County JCHXAOL I boothit
ﬁgi%ffriljjrl‘lénzhou District ZY-10-2-2 F. boothii %ﬁiﬂ%jfs{lllﬁngc}luan County JCHX6=2 . boothii
ﬁgi%ffrili;}r]‘l(%mzhou District ZY-2-2 F. boothii giﬁ?limo,?:(figu%)iebu County Zl F+ boothii
?:{Eii%ffrgodj‘lénzhou District ZY-17-2 F. boothit Eiiﬁ}fmo%(;%iﬁu%ﬁebu County z6 E.- boothii
Egi%ffrgodjl(limzhou District ZY-13-1-1 F. boothii g)i}fwolf(}%iﬁu%)iebu County 29 F. boothii
ﬁgii%:ffrggj‘l(zmzhou District ZY-3-2 F. boothii g}fimol?G%ri‘{i%Diebu County 28 F-boothii
ﬁgii%:ffrggj‘l(limzhou District 2Y-9-2 F. boothii g)fimO?G%ﬁILRQiHZhOU District o0 - boothis
Efeﬂx‘i%ffrig;ﬁlénzhou District ZY-42 F. boothii gz;)f}ilm(),?:(fjllquinzhOu District o B boothii
ﬁgi%ffriljjrl‘lénzhou District ZY-1-7-1 F. graminearum giﬁéilimol?:(fj:lquiHZhou District o0 - boothis
B o ot Ganahon District 215 Fboothii zﬁﬁﬁo%(fn%u%houqu County e boothi
?:{Eii%ffrgodj‘lénzhou District ZY-5-2 F. boothii ziiﬁ}fmo%(j?n%ugz}xouqu County 12 F. boothii
ﬁe%i%ffrggj‘l(?anzhou District ZY-§-1 F. graminearum giu’iq;}ilmol?(}?ﬁil%houqu County 126 B boothis
ﬁe%i%ffrggj‘l(zmzhou District 2Y-20-1 F. boothii giu’iqt}ilmolf?(?fn%uj IJLf;ngjiachuan County 226 E. boothii
Efeﬂx‘i%ffrig;):‘lanzhou District 2Y-10-2-1 F. boothii giﬁézflﬂol?:(}ifn@ug‘zh(mqu County 123 B boothii
Efeﬂx‘i%ffrig;){’l‘lénzhou District ZY-12-1 F. boothii Eiﬁ?}ilmo,?:(}jinﬁ?u%houqu County 128 B boothii
gfjli%‘ffn{iix’” Eangzhou District HA-10-2 . boothii ziiﬁ}llﬂol?:(i%fugbin’an County e - boothis
ﬁfjli(‘ffn{g\o‘}r” I%angzhou District HA-3-1 F. boothii Eiiﬁ}fmolf(}%n%u%)in’an County 195 B boothis
?I—Elje%ii(ﬁiffrﬁg:‘l 5ang2h0u District HA-18-2 F. boothii giﬁimol?(ffgfugbings}lm County Qs 152 £ boothis
ﬁe%i%ffrﬁ:o‘)jl 5ang2hou District HA-17-1 F. boothii giﬁ}{mol?(_;zfgfugbings}lm County Q102 - boothit
gteﬂxi%ffri;?:(;}rl\lllfangzhou District HA6-1-2 . boothii g%)ﬁé{imo%(ifgfquingshUi County Qs - boothii
ﬁgi%ffrﬁ:o‘}rl‘l I,%angzhou District HA-2-1 F. boothii giﬁé{}il&o,?:éfgfugbing%m County Q16 K boothii
?I—Eljfjiig(‘ffriiidjlgangz})ou District HA21-2 E. boothii ziﬁflmol?:(fgfu%&ingshui County QAT boothis
Ejfjii%ffri;i}:‘lgangzhou District HA24-1 F. graminearum Eiié}llﬂo,?:(fﬁu%Qingshui County Q> boothis
ﬁe%iigffrﬁ:gg‘lgangzhou District HA-4-2-1 F. boothii Eiﬁimol?—(ffn%u Cheng County Yehs-2 B boothis
?I—Elje%ii(ﬁlffrﬁg:‘lgangzhou District HA-6-2-1 F. boothii giﬁ}ilﬂol?(fffu Cheng County YCHS B boothis
g«eﬂxit(iffrﬁ:(;}rbll%zlngzhou District HA--1-2 F. boothii Einmlfg%f @i?l‘inxia County o K boothii
0 7 2 AR DM X HA-11-1  F.boorhii | DETIREC Wi & oL Foboothii

Hexi Corridor Liangzhou District

Center of Gansu Linxia County
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(3% 3 Continued table 3)
AKX RS il 44 HEEX bR il 4
Ecological region Strains Species Ecological region Strains Species
SO0 S T M I ] ek mER - 4
Hexi Corridor Liangzhou District HA-26 F. boothi Center of Gansu Linxia County 9-5 F. boothii
B, 7 b X 23 B _ . B vt X 52 EL _ Iy
East of Gansu Huachi County -8 F. boothii Center of Gansu Linxia County 17-14 F. boothii
B 2% i X e B . . Bl o b X B B } .
East of Gansu Huachi County 4 F. boothii Center of Gansu Linxia County 17-10 F. boothii
B, 7 b X 42 s £ B o Bl v b DX s 52 EL B .
East of Gansu Huachi County 43 F. graminearum Center of Gansu Linxia County 17-11 F. boothi
B 7 b X 42 s £ B o Bl vt DX 32 EL B . -
East of Gansu Huachi County -2 F. graminearum Center of Gansu Linxia County 17-13 F. boothii
Bl 7R Ml X 4t B - . B v i X 5P 1] X oy
East of Gansu Huachi County 6-6 F. boothi Center of Gansu Pingchuan District PC-24-2 F. boothii
Bl R Ml X 4t B - . B v X 5P J1] X —_—
East of Gansu Huachi County 6-2 F. boothi Center of Gansu Pingchuan District PC-16-1 F. boothii
B AR M X A B ) e LS o }
East of Gansu Huachi County 64 F. boothii Center of Gansu Pingchuan District pe-2z2-2 F. boothii
B A B B ) | e . )
East of Gansu Huating County 157 F. boothii Center of Gansu Pingchuan District PC-17-1 F. boothii
B A K A5 L ] o B K L )
East of Gansu Huating County 15-5 F. boothii Center of Gansu Pingchuan District PC-15-1 F. boothi
B4 K A5 ] o B K o )
East of Gansu Huating County 15-9 F. boothii Center of Gansu Pingchuan District PC-24-1 F. boothi
B 41X 4 B 7 | ek i ;. )
East of Gansu Huating County 15-1 F. boothi Center of Gansu Jingyuan County YI-10-1 F. boothii
[ 75 b X He s L B ;. B vt IX. 3 578 B o
East of Gansu Huating County 15-2 F. boothi Center of Gansu Jingyuan County YI-11-2 F. boothii
B A X B B B | e s N y
East of Gansu Huating County 15-13 F. boothii Center of Gansu Jingyuan County YJ-6-2 F. boothi
B A5 b X 57K B 3 . Bt v iy X 3 36 B L .
East of Gansu Heshui County 224 F. boothii Center of Gansu Jingyuan County YJ-1-1 F. graminearum
B A5 4 X 47k B ) - Bt X 337 B o )
East of Gansu Heshui County 22-5 F. graminearum Center of Gansu Jingyuan County YJ-20-2 F. boothii
B A MK Ak B ) o ek mw s ] )
East of Gansu Heshui County 22-9 F. boothii Center of Gansu Tongwei County TW-30 F. boothi
B 45 X, 7k B ] | Bk mm e ) )
East of Gansu Heshui County 22-11 F. boothi Center of Gansu Tongwei County Tw-12 F. boothii
B 45 X, 27k B ) | Bk mm e ) _
East of Gansu Heshui County 221 F. boothi Center of Gansu Tongwei County Tw-5 F. boothii
B A5 H X 47k L ) | ek mE R ) .
East of Gansu Heshui County 22:6 F. boothii Center of Gansu Tongwei County TW-21 F. boothii
PR AR M X s i X R . B X B » .
East of Gansu Kongtong District KTQU4-1-2 F. graminearum Center of Gansu Tongwei County WSS F. boothii
%ﬁﬁlcj)@f%auiﬂjlﬂgongtong District KTQ2-1 F.graminearum ([y:zcnl-l—lti%]‘olzf (liﬁ%'l‘ongwci County TW-26 F. boothii
g R 1l DX s ] X e ) . B Hh b X 2 5 X g .
East of Gansu Kongtong District KTQ5-2 F. graminearum Center of Gansu Anding District AD-14 F. boothi
Bl R DX s ] X - Bl rp L X 22 R X g o
East of Gansu Kongtong District KTQ+4  F.graminearum Center of Gansu Anding District AD-13 F. graminearum
E?Jaaﬁ%%aﬂriiﬂl%mgmng District KTQ7 F. graminearum Ej,}iii?,::f (Z}Ka?l;f\Huining County ZC-14 F. boothii
Bl 4 M X s i X . . o B IX T R . N .
East of Gansu Kongtong District KTQ19 F. graminearum Center of Gansu Huining County ZC1 . boothiz
BfE AR M X s i X ~ - e IX T R < .
East of Gansu Kongtong District KTQ16  F. graminearum Center of Gansu Huining County 2 F. boothii
N 2 > PNg==
B A I PR B JCHX-19-1 F. graminearum| Ve THX 27 5 708 F.boothii

East of Gansu Jingchuan County

Center of Gansu Huining County




« 350 o4t & ok

S 31 4

AT L AR S R IE TR

Shannon’s 15 8 F5 50 Ml Nei’s 3 N ZHPE TR
B8 LBl v Sy B i 3 6l 0. 608 7 0. 422 9,
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¥1kh 95. 19%; Z &0 S B 23~ 26, F ¥k
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B

W 4 JoR B Hh b DR B 4% M XA 3 1% B
B /NN 0,033 1, P53 B et AL A U e K, o
0. 967 4, 15t W P 1 AR 75 Hi 6 52 45 ol 181 Ak 35 DR 20 G
Tie 422 30T 5 10 5 2 R G T X ) a8 A% AR E Be /N L ol
0. 888 0, Higt A& B 5 e K, 24 0. 118 8, i ] P b
PR F) 22 53 Pk e K, SR G R I aE . 4 /> 1l X ]
WAL ARLE B 0. 888 0~0. 967 4, Nei’s /L 1 &
90,033 1~0. 118 8(F 5) .4 ™A 25 Hb X 1) B AR
YRA F e 2.
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Table 4 Genetic diversity parameters of F. graminearum species complex among four different geographical populations

I
by F R R AR R B g%&%ﬁ Shannon i B840  ZEMAMLLE ZBMEH SR/ Y
Geographical Number Effective number Nei’s H Shannon’s Number of Percentage of
groups of alleles of alleles de} S %e“e information index  polymorphic loci  polymorphic loci
iversity

o, 7 b [X. _
South of Gansu 1.923 1 1.712 4 0.392 6 0.564 1 24 92.31
E:E;Eiﬁg 2 1.755 3 0.416 8 0.601 7 26 100. 00

ast of Gansu
[y‘E'T‘lﬂl[Z \ 2 1.775 7 0.422 9 0.608 7 26 100. 00
Center of Gansu
ﬁ‘j—t‘.iﬁ"ﬁg , 1.884 6 1.612 6 0.343 2 0.501 7 23 88. 46

exi Corridor
j\/—ﬂ”ﬂ 1.951 9 1.714 0 0.393 9 0.569 1 24.75 95.19

verage

x5 HRAFAESEAARBESHMHENEFZHELUEMZEES
Table 5 Genetic similarity coefficient and genetic distance among different geographical groups of
F. graminearum species complex among four different geographical populations in Gansu
i P R g e b IX. Bl 7R i X B v il X T 7 5 AR

Geographical groups Southern of Gansu Eastern of Gansu Middle of Gansu Hexi corridor

[ 5 # IX. South of Gansu * % % % 0.888 0 0.947 7 0.941 2
[ 45 #b X East of Gansu 0.118 8 x % % % 0.967 4 0.889 2
[ o i IX. Center of Gansu 0.053 7 0.033 1 % % ¥ 0.950 3
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Table 6 Analysis of molecular variance of F. graminearum species complex for geographical populations
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Genetic Diversity of Fusarium graminearum Species

Complex from Maize Fusarium Stalk Rot in Gansu

GUO Cheng'?,WANG Baobao® ,DENG Dong"',ZHANG Xiaojie’ ,
WANG Chunming' ,ZHOU Tianwang',LI Minquan'* and GUO Zhijie'

(1. Institute of Plant Protection,Gansu Academy of Agricultural Sciences,Lanzhou 730070,China; 2. Pratacultural College,
Gansu Agricultural University, Lanzhou 730070,China; 3 Shijiazhuang Academy of Agricultural and Forestry Sciences,
Shijiazhuang 050041, China;4. Institute of Crop Science,Chinese Academy of Agricultural Sciences, Beijing
100081, China; 5. College of Plant Protection, Gansu Agricultural University,Lanzhou 730070,China)

Abstract In order to clarify the genetic diversity of the geographical population of Fusarium gra-
minearum species complex (FGSC) ,the dominant pathogen of maize stalk rot in Gansu Province,sam-
ples were collected from four ecological regions of Gansu Province in 2015 and 2017. After tissue iso-
lation and identification, 114 representative strains of FGSC were selected, and the genetic diversity
and genetic relationships among populations were analyzed using SSR and VNTR primers combined
with POPGENE versionl. 32 and NTSYSpc2. 11, respectively. The results showed that a total of 26
polymorphic loci were detected, the fragment size was between 50 and 300 bp,and the average number
of bands amplified by each pair of primers was 1. 44. The average number of alleles in the four geo-
graphical populations was 1. 951 9,the effective number of alleles was 1. 714 0,the Nei’s genetic diver-
sity index was 0. 393 9, the Shannon information index was 0. 569 1, the number of polymorphic loci
was 24. 75,and the percentage of polymorphic loci was 95.19%. The Nei’s genetic similarity between
the four geographical populations ranged from 0. 888 0 to 0. 967 4, with a genetic distance of 0.033 1 to
0. 118 8. The analysis showed that the genetic variation associated with FGSC came mainly from with-
in the population,accounting for 90. 71% of the total variation. Near the genetic similarity coefficient
of 0. 938 0, the geographic populations of FGSC were divided into three large groups: group [ in
Longnan,group Il in the Hexi Corridor,and group Il in the Longdong and Longzhong areas.

Key words Gansu; maize, Fusarium stalk rot,F. graminearum species complex,genetic diversity.
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