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Abstract: [Objective] To understand the population genetic structure, gene flow, strain differentiation of
Beauveria bassiana in Guangdong Province, analyze the correlation between genetic variation and host type,
ecological environment, and provide a large number of reserved germplasm resources for screening and
production of superior strains. [Method] The genetic variation and diversity of 81 B. bassiana isolates from

Dinghu Mountain National Nature Reserve of Guangdong Province (DHS) were assessed using SSR markers.
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[Result] Eight SSR primers were amplified to produce 58 polymorphic points, the percentage of polymorphic
loci was 100%, and the number of polymorphic points of primer Bal2 was the largest (10). Nei’s genetic diversity
index (k) was 0.212 6 and Shannon’s information index (/) was 0.348 7 based on the analysis using the Popgene
32 software package, which indicated the genetic diversity and population heterogeneity levels of B. bassiana
were high in DHS. Eighty-one strains of B. bassiana were divided into different subpopulations according to
host/soil and insect order respectively. The genetic diversity of soil subpopulation (4=0.192 5, [,=0.309 9) was
slightly higher than that of host subpopulation (£=0.176 9, 1;=0.278 3), suggesting a generally low genetic
differentiation among subpopulations (N,,=1.662 9, G,=0.130 7).Genetic differentiation among subpopulations
in different insect order was low and was associated with strong gene flow. The distribution of isolates had no
obvious correlation with isolation medium or insect orders based on UPGMA clustering. [ Conclusion] The
genetic lineage of B. bassiana in DHS is not correlated with isolation medium or insect orders. The

diversification of B. bassiana population in DHS is maintained by different ecological environment and host

type.

Key words: Beauveria bassiana; SSR marker; genetic diversity; clustering analysis; Dinghu Mountain National
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Table 1 Isolation medium and collecting time of Beauveria bassiana isolates in Dinghu Mountain

[k ¥R RAERT ] id=F 75 [k R RAERT ] id=F i
Isolate number  Collecting time Substrate Isolate number  Collecting time  Substrate
RCEF1273 2004-08 %% H i Lepidoptera pupa DHS110922-t1 2011-09 1% Soil
RCEF1274 2004-08 %% F} Heteroptera: Coreidae DHS110922-t2 2011-09 +- 3 Soil
RCEF1275 2004-08 #43MH Coleoptera DHS110922-t3 2011-09 3% Soil
RCEF1276 2004-08 M-} Coleoptera: Chrysomelidae DHS110922-t4 2011-09 +:4 Soil
RCEF1277 2004-08 %3 H 4)) L Lepidoptera larva DHS110922-t5 2011-09 +3% Soil
DHS110922-1 2011-09 I FEL Coleoptera: Elateridae DHS110922-t6 2011-09 +:3% Soil
DHS110922-2 2011-09 # IRl Lepidoptera: Lymantridae DHS110922-t7 2011-09 +:4 Soil
DHS110922-3 2011-09 I R} Coleoptera: Coccinellidae DHS110922-t8 2011-09 14 Soil
DHS110922-4 2011-09 5 I} Coleoptera: Carabidae DHS110922-t9 2011-09 3% Soil
DHS110922-5 2011-09 /NEEF} Coleoptera: Scolytidae DHS110922-t10 2011-09 14 Soil
DHS110922-6 2011-09 iRl Hymenoptera: Vespidae DHS110922-t12 2011-09 +:3% Soil
DHS110922-7 2011-09 I HEl Coleoptera: Chrysomelidae DHS110922-t13 2011-09 3% Soil
DHS110922-8 2011-09 ## H Coleoptera DHS110922-t14 2011-09 14 Soil
DHS110922-9 2011-09 “KEF} Homoptera: Delphacidae DHS110922-t15 2011-09 +- 3 Soil
DHS110922-10 2011-09 /N3 F} Coleoptera: Scolytidae DHS110922-t16 2011-09 3% Soil
DHS110922-11 2011-09 M-} Coleoptera: Chrysomelidae DHS110922-t17 2011-09 14 Soil
DHS110922-12 2011-09 2 4% R} Heteroptera: Coreidae DHS110922-t18 2011-09 +- 3 Soil
DHS110922-14 2011-09 1%} Hymenoptera: Formicidae DHS110922-t19 2011-09 +:3% Soil
DHS110922-15 2011-09 5 H %} Coleoptera: Carabidae DHS110922-t20 2011-09 14 Soil
DHS110922-16  2011-09 /NEEF} Coleoptera: Scolytidae DHS110922-121 2011-09 14 Soil
DHS110922-17 2011-09 R F} Orthoptera: Gryllidae DHS110922-t22 2011-09 3% Soil
DHS110922-18 2011-09 ik Bl Lepidoptera: Lasiocampidae || DHS110922-t23 2011-09 +:3% Soil
DHS110922-19 2011-09 W%} Hymenoptera: Formicidae DHS110922-t24 2011-09 +- 3 Soil
DHS110922-20 2011-09 1%} Hymenoptera: Formicidae DHS110922-t26 2011-09 +:3% Soil
DHS110922-21 2011-09 /INEgFR} Hymenoptera: Chalcididae DHS110922-t25 2011-09 14 Soil
DHS110922-22  2011-09 /N2EFL Coleoptera: Scolytidae DHS110922-t27 2011-09 14 Soil
DHS110922-23 2011-09 % H R} Coleoptera: Curculionidae DHS110922-t28 2011-09 +:3% Soil
DHS110922-24  2011-09 48 H % i Lepidoptera larva DHS110922-t29 2011-09 + 4 Soil
DHS110922-25 2011-09 - FA &} Coleoptera: Chrysomelidae DHS110922-t30 2011-09 14 Soil
DHS110922-26 2011-09 i3 H 4/ 1. Lepidoptera larva DHS110922-t31 2011-09 + 3 Soil
DHS110922-27 2011-09 %49 H 4 . Lepidoptera larva DHS110922-t32 2011-09 43 Soil
DHS110922-28  2011-09 538 F 1% Lepidoptera adult DHS110922-t33 2011-09 14 Soil
DHS110922-30 2011-09 1% 7%} Heteroptera: Pentatomidae DHS110922-t34 2011-09 +:3% Soil
DHS110922-32 2011-09 1%+ Homoptera: Aphididae DHS110922-t35 2011-09 13 Soil
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#2%% 1 Continued table 1
[ R SRAE ] Val=F i R 5 SRAEHT H] id=—E i
Isolate number  Collecting time Substrate Isolate number  Collecting time  Substrate
DHS110922-33 2011-09 IR} Hymenoptera: Formicidae DHS110922-t36 2011-09 +- 3 Soil
DHS110922-34 2011-09 /NEEF} Coleoptera: Scolytidae DHS110922-t37 2011-09 +:4% Soil
DHS110922-35 2011-09 1%} Homoptera: Cicadellidae DHS110922-t38 2011-09 +:3% Soil
DHS110922-36 2011-09 ¥ E\F} Homoptera: Aleyrodidae DHS110922-t39 2011-09 3% Soil
DHS110922-37 2011-09 I} Heteroptera: Pentatomidae DHS110922-t40 2011-09 +:4% Soil
DHS110922-39 2011-09 % H R} Coleoptera: Curculionidae DHS110922-t42 2011-09 11 Soil
DHS110922-t43 2011-09 -3 Soil

1.2 E£4F&S DNA 28

W R A B b | A 7 B X 0.2 mL A%
BT I B s 4R SDAY B3R T i b, H iR B 9%
FErh (25+1) C A TR 3~5 d, B Kam e HoR
KEFANEZELE A4 T, BT 1.5mL &

‘KB ) Eppendorf & W1, ¥ % T 5 T-20 C R 77
& H . RS RS S E TR i b ZE F 21 DNAM,
1.3 SSR-PCR ¥/ 1¥

G Meyling S8 IZE G5 1K 8 X 51 4)06) TR Ak
BT PCR 9738, 5l A(E B ILE 2.

%2 SSR-PCR {£HAI5|4
Table 2 Primers for SSR-PCR

for 53 HETH ik = 52 K /bp ST HI(5'—3Y
Locus Repeat motif Base repeat length Primer (5'—3")
Ba6 GTT 114 F: GCGATTGACGAAAAGCTAGA
R: ACTTGCTTTGCTGTTGCACA
Ba8 AAG 210 F: TGTTGCCGACACGAATTGT
R: GGCTCAAGCGCAAAGAGAAA
Bal2 CTT 231 F: GGGTCCATCATGTACGGC
R: AGGCGTATACAGGTCGTG
Bal3 AAG 161 F: CAGGCAACAACACGATTTCA
R: ATGCCATCTACGACTTTATGA
Bal6 TGC 121 F: GCCACATTTCATCACTGTTG
R: TGTCGCCTTTGTGACCAAG
Ba20 AAG 182 F: GCATCGTATCCCTTTTCACA
R: GGAGGCGGTGGTGAAGG
Ba2l GTG+GTC 188 F: ACGAGTATTGGTGTTGGGTA
R: GCAACACAACGCCCCAAG
Ba22 AAG 152 F: GAAAAAGGCCCGCAGCAAC

R: CCTCGTGAATCTCGGTCAG

PCR fEIAFE/F 4 95 °C A 2 min; 95 °C A&
30s, 56 ‘CiB-K30s, 72 C iEfH 45 s, LL |3 46
35 MIEFR; SR 5 72 °C FEH10 min, 5 °C 147, @it
B AR R RIS 7 B = A T R . SR SR B —
T T RO RE S 2847 PP Jie (PAGE) HRL YK, AS AN [R) A3k
PRSI R R
1.4 SSR-PCR =4 A AR R K

Z RIS T )5 %, K SSR-PCR P24 1E
Sequi-Gen® GT Nucleic Acid Electrophoresis Cell I
JE JR HEL VKA b B K, i T R A e R I 5 R

1.5 EKEES T

XF SSR FRicd #% 4L B AR il AT BE gt AR
5 SSR 24l L #8 AR R A1 2 A4 . X
i 5 W K B 34T N T 3er, S 0KkiE TP IT B 40
[] ) 2% i A A R R Y, 3RS RN TR R 26 A A
AN TR 2= (R 2, K 3 7% 26 AH R () B R 43 0l 6 9 a gk AT
R UK. 7R RN IAR T, A3 Gt R 4k

A5 R AR . &% 5 F)H Bandscan V5.0 2K {4
*D}\I ST AH 4 R 7 VR TR O A A Rk 0,
1AERE (“17 NE %A, AAREMER: “0” Nk
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ZFERE (H,) 538 bR, IF 90 0 BEAR (13845 40 0 R 3L
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AEINALE (UPGMA) % #dhs FE B HEAT SR 70 #r, 1
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DU A T AR 1 28 A AR AR B P S ol M
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2.1 SSR 5| MSH

8 ATy 4 81 AN ARILY 1 58 ML,
Hrph 2500852 584, 2R AT (P) N
100%, A G P HY 3467 52 6~10 4N, “F3J 7.25

Ao Horfr, 514 Bal2 § 80 SR 2, N 104, 3
AL /D 51 942 Bal3. Bal6 Al Ba2l, 347
RN 6 Ao Nei's B K Z FEMEFREL () JEFL N
0.169 1(Bal2)~0.259 0(Bal6), “F-}3J°4 0.212 6; Shannon
HEIEE () VEEIN 0.291 8(Bal2)~0.417 0(Bal6),
PN 0.348 7(3% 3). 5 50 TRARI1 FELIK BT TS LI 1,
22 BEZHEMSH

22,1 HRIBGEBAMBFIAREE SHELST X
S R AR X 8T AR ER T 1 B B A
AT B % Z R, 85K, h R 0.212 6,
I, 9 0.348 7, P 9 100%, 6 BH Sl L Bk 1 o s
R BB E AL 2R . BT 2800 SRR RE
B 36 25 T TE MR 3 S RE R, [RIIN 52 2R A
K/NFAAT SR, R 8 P L 2 i
() — MRS A THE, fELCIE LR A A AR AT S T
50T 5

222 ATHFEIALIE DABGIEAL LA AR
B oA K S L B R G AR AR X R

3 SSR MBS IMEER
Table 3 Polymorphic indexes of SSR primers

o1 e LEMEN  ZEMAE % Nei's HE L RIS Shannon i 5%
Primer No. of No. of Percentage of Nei’s gene diversity ~ Shannon’s information index
amplified bands polymorphic bands polymorphic loci (P) (h) )

Ba6 8 8 100 0.184 6+0.182 3 0.300 7+0.242 5
Bag 8 8 100 0.180 1+0.166 4 0.301 6+0.214 6
Bal2 10 10 100 0.169 1+0.121 8 0.291 8+0.177 1
Bal3 6 6 100 0.254 6+0.149 7 0.407 0+0.191 2
Bal6 6 6 100 0.259 0+0.129 9 0.417 0+0.162 4
Ba20 7 7 100 0.222 9+0.150 3 0.364 0+0.197 9
Ba21 6 6 100 0.251 2+0.169 0 0.397 7+0.218 8
Ba22 7 7 100 0.224 8+0.130 3 0.372 9+0.162 8
A7t Total 58 58 100 0.212 6+0.145 4 0.348 7+0.192 0
H{H Mean 7.25 7.25

1 5|%) Ba22 ¥ &Y SSR FRLEIE (KM 1~39)
Fig.1 SSR fingerprint amplified by primer Ba22 (Strains 1-39)
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PRER TR KT (3R 4), HAgs b 1, 71 P HIAE AL
A — ., TEWEMN AN 01769, I, 4 0.278 3,
PN 68.97%, MK T HIRW R, HIRWHEM 1 N
0.192 5, I, 5 0.309 9, P 9 77.59%, =Wk 135
B R AR AR 2 R A B . R B, )
Ly X ER 70 488 7 2 5 AN 00 R 2 AR OK T A
1522 SR IR AN B 2, R AN (R 258 5 %) BR 7R A8
HEAR B A% 2 FEIE = A IS M N

B 0 2 3 R A 338 ST b A (19 888 £ 20 4 Ak TR 9
R, S LR R R R 2R (H)=0.212 5, BEN
SR ZFERE (H,)=0.184 7, FERIIE (N,y)=1.662 9, it
3 R (G)=0.130 7. FhEE N, KT HIMH 1, &
B A A 1] (10 5k TR A2 3 B, ok B 27 32 A 3 ) 1R
PRIEA SR ANSLI, T AH F RS MR o AR A A4 34k
(K1 73 bR AED ™, MR R B B 434K (0.05>G >

0.15), HA8 5 HAH 13.07% K EHFEEHE, 1 86.93%
(AR S AELE T FPE P, 3R B SR E AN [ 48: o2 ) 3kt (1
e B B AL 0 AL R P 5, X 1T R S5 A AR S A B
2 RN R

S Ly B A AR R I o A ) 38 A — R RN 3
5 BE B (R BIF 90 285 B SR, AN () 20 55 25 JoT P B ) st
fE—50E (1) 5 0.931 9, 8RR (D) 8 0.070 5, 5
FREEEAL 73 A 45 SRR A — B0, el TR [) ) R A
MR, PR AL — B, R T AR A A (A
DRI AR EAR 5 R I B A% 41k
223 AFRAFER BABGES S T
Hatesdr F 40 ARER B B 125 = H RN
6 MIEHE, BT A FNEAEAR B8 A 2 FEEKCE (3 5).
FREERAAR 1 AL 439908 0.176 9 F10.278 3, S5HA4
7] 7y B L v ST AR (4B AR — 3. & WBE PG HITE
34.48%(1- 3 H )~58.62% (¥ H ), YK T Bk KF
(68.97%). h A 0.137 9(3F-3# H)~0.180 0O(fik# H ),

*4 BHUTRESBEFKEBERTMEAEE SN

Table 4 Genetic diversity of Beauveria bassiana subpopulations isolated from different medium in Dinghu mountain

MRS A A7 AL EE N Nei'sZE R 2 FEPEFR%  Shannon fERMEEL ZBALALLR/%

DI (e Observed number Effective number Nei’s gene diversity Shannon’s information  Percentage of
Subpopulation Sal.nple of alleles of alleles index index polymorphic loci
T (o) (No) () &) ()
2§ & Host 40 1.689 7£0.466 7 1.290 1+£0.349 8 0.176 9+0.182 5 0.278 3£0.255 4 68.97
11 Soil 41 1.775 9£0.420 7 1.293 1+0.289 2 0.192 5+0.158 4 0.309 9+0.226 5 77.59
Lo 81 2.000 0+£0.000 0  1.318 7£0.271 8 0.212 6+0.145 4 0.348 7+0.192 0 100.00

Dinghu mountain

*5 RHMLTARFERBAERTMEESLSHNY

Table 5 Genetic diversity of Beauveria bassiana subpopulations from different insect orders in Dinghu mountain

e DRSERIIEIE ARG Nei’s LN ZPEPESE S Shannon f5 24680 &ML HE/%
TP FAs Observed number ~ Effective number ~ Nei’s gene diversity Shannon's information Percentage of
Subpopulation ar.nple of alleles of alleles index index polymorphic loci
T (N) (No) () A (P)
M H 17 1.586 2+0.496 8 1.285 1+0.368 7 0.168 5+0.191 4 0.260 0+0.269 3 58.62
Coleoptera
i3 B 8 1.482 8+0.504 1 1.304 8+0.362 3 0.180 0+0.199 5 0.268 1+0.289 9 48.28
Lepidoptera
JiE i B 6 1.413 8+0.496 8 1.237 7£0.322 1 0.145 6+0.184 1 0.220 5+0.272 3 41.38
Hymenoptera
Il H 4 1.4138+04968  1.303 4+0.384 3 0.172 4+0.210 5 0.250 7+0.303 7 41.38
Homoptera
S SRE| 4 1.344 8+0.479 5 1.234 5+0.339 5 0.137 9+0.194 1 0.202 9+0.283 9 34.48
Hemiptera
H#H 11 1 0 0 0
Orthoptera
27t Total 40 1.689 7+0.466 7 1.290 1+0.349 8 0.176 9+0.182 5 0.278 3+0.255 4 68.97
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F R A0 0 A S0 B R 1 N, KT 1, R ERTE (B
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HE Gy T KAE Y 0.089([F3E H /A3 H) URBUA
oAk, TS /st H | R H /R E L
[l H LA 553 H /]33 H SRR 38 4% 20 A0 2R 30
T AL RE 0.05, RIS HEAR A AAFAE L . 25
BRI, L DR A A R A TR A AR TR
BAL LBV, % AR5 RS S o
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Table 6 Genetic differentiation and gene flow among Beauveria bassiana subpopulations from different insect orders in

Dinghu mountain

AV A Subpopultaion CL LP HY HO HE OT
#4538 H Coleoptera (CL) 10.445 10.326 4.960 3.522 0.396
i # H Lepidoptera (LP) 0.023 4.132 4.955 3.278 0.400
JEi4# H Hymenoptera (HY) 0.024 0.057 4.487 2.691 0.250
[3# H Homoptera (HO) 0.048 0.048 0.053 2.571 0.357
}-4# H Hemiptera (HE) 0.066 0.071 0.085 0.089 0.191
B ## H Orthoptera (OT) 0.387 0.385 0.500 0.412 0.568

1) 5 A& o %38 AHRBER (V,), T 7338 A 540 23 (Gy)

1) Data above diagonal were gene flow (V,,), data below diagonal were genetic differentiation coefticient (G)
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Fig.2 UPGMA dendrogram of 81 isolates in Dinghu Mountain based on genetic similariy coefficient
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