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Genetic diversity of Beauveria bassiana in maize rhizosphere by
inter-simple sequence repeat (ISSR) markers
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Abstract To identify the genetic differentiation and genetic relationships among the isolates of Beauveria bassiana
from maize rhizosphere, the genetic diversity of 37 B. bassiana strains was estimated by using inter-simple se-
quence repeats (ISSR) markers. Eleven of 40 ISSR primers were chosen for analysis of their reproducibility and
high polymorphism. Each primer resulted in 7.5 markers and totally 83 fragments were amplified, in which 69
(83.13%) were polymorphic. Genetic diversity analysis revealed a relatively high level of intraspecific genetic di-
versity of B. bassiana. The percentage of polymorphic loci (PPL) was 83.13%; Nei’s genetic diversity (H) was
0.316 9 and Shannon’s information index (I) was 0.465 7. It suggested that the 37 B. bassiana strains isolated
from Guoyang, Xiaoxian and Mengcheng had high genetic diversity. The results were of great significance for fur-
ther studying the biological control effect of B. bassiana strains.
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Table 1 The primers used and their nucleotide sequences of ISSR

51495 FE41(5'-3") SR/ C
Primer code Sequence Annealing temperature

P6 (AG)sS 54

P11 (AG)sC 54

P15 G(ACAG); ACAC 54

P19 DD(CCA) 5 5%, ©

P53 (GTC)s TC 54

P59 (AG)sYC 50
UBC813 (CTDsA 48
UBC834 (AG)s YT 49
UBC807 (AG)sT 50
UBC825 (AC)sT 50
UBC821 (GD)T 49

1) Y=(C, T); S=(C, G&; D=(A, G, D.

1.4.2 ISSR-PCR 4#f
ISSR-PCR " $# T iR 25 ol (AR - B 4l
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7K (ddH,O) 19. 5 pl., 10 X Buffer 28 #hifi (75 Mg?")
2.5 pL dNTPs(H¢J 2. 5 mmol/1) 1. 25 pL. 51#) (i
J# 10 pmol/1)0. 1 plL, TagDNA BEHHS U/ pl)0. 2 il
50 ng/pL i DNA 0.5 pL.

ISSR-PCR 4" 4 Fi )5 : 94 C F A8 5 min; 94 C 725
P 45 s, SZVEIREE S PE 1 min, 72 CHEAH 1 min, 35 Mg
572 CHEAf 10 min,
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GG O8I 46 7 5 R KR (N A 0056 o7 i TR B
(Ne) Nei(1973) K Z A8 %0 (He) . Shannon {5
BERMEIEE(D 256 E T 503 (PPL) JHEHA N
SR ZHEVE (Hs) JBER S R 206 B2 (Ho) REIAR IR
(AL 3 Ak R B (Gst) \Nei (1978) i £ 1 25 (D) I
B —BUE (D%,

2 ERE5HM
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B AN ) 5 400 )R KR B S B 8 0 1 1R 7 1 A T
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Y PSOCCAG s YO 3§ 1S th ) 55 e 2, A 8K 12
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514 P6.P11,UBC813 F1 UBC825 J#4 5%y 1) 2 5k
P Bl - 24 100%, 5[4 UBC813((CT)H5A)
P B, R 2 &, SRSy
B AR BN 7.5 S50 AEREYL 1 AR EA
—EMPRCZ A ISSR Aric e L& A AR £
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H 2B i B B 5 B RS I L = AN AN R A b X
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Table 2 Inter-simple sequence repeats (ISSR) primers and their properties

5195 I AR 5% ZAMEFAE 5
Primer code No. of amplified bands No. of polymorphic bands

P6 8 8

P11 7 7

P15 10 7

P19 8 7

1253 7 6

P59 12 10
UBC813 2 2
UBC834 8 6
UBC807 8 6
UBCS825 D %
UBC821 8 5

ZNLE Y % Nei’s B[Rl ZFEERE S
Percentage of polymorphic loci  Nei’s gene diversity index (He)

100 0.302 9

100 0.410 6

70 0.237 6
87.5 0.343 9
85.7 0.319 5
83.3 0. 360 4

100 0.467 7

75 0. 296 3

75 0.252 2

100 0.376 7
62.5 0.263 4

2.2 HMAEFESEESHEESHESEETR
XK B A AR TR LKA 37 AN TR 0 B4 8
& ZREERF ST 45 R . 729 b RAOKSF L BR A
PR S A RS 2 507 5 | /R (PPL) ,PPL=
83. 1300 (3% 3) , V- 35 B > o7 a5 11 A5 4550 55 o7 5 PR 8K

Ne=(1.558 940. 364 6), Nei % [H £ £ 1 5 %1
He=(0. 316 940. 183 0), Shannon {5 B35 % I=
(0. 465 740. 250 9) ., FEFPHEAKF L, & FPFE 0
Z 0L 1 % 25 S RO o s B A T AR
M2 07 5 H 4 % (PPL) 3} 81. 93%, Nei 3£ A
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ZREVEFSEL(He) i 0. 319 7, Shannon {5 & £ ¢
PEFRECCD Dy 0. 467 45T 52 3k 8 o8 A0 RF 19 2
B E 4 (PPL) K 68. 67 % , Nei 3 [ £ 4
PEFE B (He) Hj0. 288 1, Shannon {5 & £ £ M 38

(DN 0. 415 355K B BRI Z S0 A E
4% (PPL) N 39. 76%, Nei 3t H £ FE P 35 %K
(He)k 0. 168 6, Shannon {5 B L 448 80(D
0.242 8,

M 1 2 3 4 5 6 7 8 910111213 141516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 M

M1 23 45 6 7 8 91011121314 151617 18 19

~ -k =
F::FH..?-H~"~:

-— -

M: DL 2000 DNA Marker; 1~22: GY-1~GY-4, GY-6~GY-20, GY-22, GY-23, GY-25; 23~31: MC-2, MC-7~MC-14; 32~37: XX-1, XX-3, XX-5,

XX-6, XX-12, XX-13

1 5[4 P59(a)n UBC834(b) Xt B EEAY ISSR EiE
Fig. 1 ISSR profiles of 37 DNA samples from Beauveria bassiana by the primers P59 (a) and UBC834 (b)

x3 BERGCEMBEANBEESENE

Table 3 Genetic variation in geographical populations of Beauveria bassiana

T L 3 A AR S AL Nei’s LR ZAEPESE R Shannon’s (S8 SRR SAMEESR/Y%
Population Na Ne He 1 PPL
W GY 1.819 32£0.387 1  1.567 44-0. 366 9 0.319 740. 185 8 0. 467 440. 256 9 81.93
2k MC 1.686 70. 466 6  1.528 0=40. 418 4 0.288 1+0. 214 4 0. 415 34-0. 299 8 68. 67
FH XX 1.397 60.492 4 1. 307 324-0. 406 6 0.168 60.217 1 0. 242 84-0. 308 5 39. 76
RS 1.831 340.376 7 1.558 94-0. 364 6 0.316 920. 183 0 0. 465 74-0. 250 9 83.13

At species level

2.3 HmAEERMEEESUEENILES T
JH POPGENE 32 755 H 19 52 1% 728 S5 45 R 3R W]
(& 4« R 2 B E A AL — 2 W ist A% 731k, 3 A~
FPEE SIS 1% ZHEE SR 0. 301 1, ARl st 1% 2
FEPE R 0. 258 8, Nei FeH 4 Z %N 0. 140 4,21
A 14. 04 Yo it A&7 St A-7E TR ], 5 85. 96 0 )
LS SEAEAE T RIRE N, BIEE Y 13815 4 A R T
RISk . PRI A LR R 1. 530 8, Hi# 3
~5 W] LA s = AN R F R 8] 0 35 R 9 8l B 3
SR PR Ak 28 SR, He v i B B 5 Sl L g i
mmzjwt 563 7, HEH 3k R & /N (0. 051 9) L1
SRAE R B BN 44 km, SEMCE SR ELAY
;@em,ﬁzjx(l. 237 D EER e R E R K (0. 168 1,
PR SRAE A5 1 1 7 B O 133 km, R BHE 558

BFER A 1. 889 7, Rk R %k 0. 116 8,7
KA B M A B BN 84 km, FHML LR
BOS H FRA BB —E A

®4 AEEMEHEEZHME Nei's 47"
Table 4 Analysis of Nei’s gene diversity in Beauveria

bassiana populations

SIER THHEN FE[A

] ] Ay
o R SWEZRHE SRRE O
P Hi Hs Gst
-3 Mean 0.301 1 0.258 8 0.140 4 1.5308
e

0.034 0 0. 027 8 — -

Standard deviation
1) He Jy SR Z R0 s Hs R RE NS E 2R Gst R 504k
B Nm LR,

Ht, Total gene diversity; Hs, Gene diversity within populations;

Gst, Coefficient of gene differentiation; Nm., Gene flow.
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Table 5 Gene flow (Nm) and genetic differentiation coefficient

(Gst) of Beauveria bassiana in different regions

T i kH 27 iz
Population Guoyang Mengcheng Xiaoxian
W FH Guoyang = 4,563 7 1.889 7
23, Mengcheng 0.051 9 — 1.237 1
- Xiaoxian 0.116 8 0.168 1 —
1) XA F BT IR N, 3t/ 2T 7 B8 R 3L 404k
R Gt

Upper diagonal is gene flow (Nm) and lower diagonal was ge-
netic differentiation coefficient (Gst),

2.4 AEMERBAEHEMENEEERMNSEE
—HE

FIF POPGENE 32 4%} 53 BH B 75 B F1 52
He 3 ASFREPT P RN ] Y Nei 3845 — 0% (D FR i
AR RS (D) PEAT 4307 5 B0 o AN ) 1 X[ ) s 4% 1
(D)T£ 0. 048 8~0. 124 4 Z[a], 444 0. 085 8;i5tfL
—FEE (DTE 0. 883 0~0. 952 4 Z [A],SF-15H 0. 918 1
(6 3~6), Ho, 1P 50 2 ] ) 3k % — 3008 e
15 (0. 952 4) i A% I B A il (0. 048 8) 5 523k 55 B

22 J) 38 A — B3R F 1K 0. 883 0) 4 8 £ i B fk i
(0.124 4,

*6 AEETEMEREENRE—HEMREES"
Table 6 Genetic identity (I) and genetic distance (D) of

Beauveria bassiana in different regions

i L) S iRz
Population Guoyang Mengcheng Xiaoxian
W PH Guoyang — 0. 9524 0.9191
523, Mengcheng 0.048 8 = 0. 883 0
H Xiaoxian 0.084 3 0.124 4 —

1) WAL E IR R Nei 3845 — 808 XA LET I 4074 Nei
B ifis I
Upper diagonal is Nei’s genetic identity (I) and lower diagonal
was Nei’s standard genetic distance (D).
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Fig. 2 Dendrogram of UPGMA for 37 Beauveria bassiana isolates based on ISSR markers

M ISSR 2K (& 2) AT LA H L 37 AL #k
76 SM AL R EH 0. 64 IHERAE—E  ZEFL R BN
0. 72 BB R B DU R IHE: 256 — RBHEA FO Yy
GY-1.GY-2.GY-18.GY-11.GY-4,XX-1.XX-12.GY-
16.GY-7, GY-12, GY-19, GY-14, MC-14, GY-22,
GY-23, MC-13, XX-3. MC-11, GY-15, GY-17, XX-5.

GY-25,XX-6, MC-2, MC-10 fl XX-13 4t 26 4@
MR8 BT 2 8 GY-3,.GY-6,GY-8 #il
MC-74 4Bk s 55 = KB (T 28) )2 GY-10,MC-
12.GY-13,MC-8 Fl MC-9 5 4~ T& #k s 5 P4 K A1
(IV 292 GY-9 il GY-20 2 A ik, H,GY-14
I MC-14 AR % 2 % F Bl » a1 A0 003 250k 2]
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0.95, [& 2 i af LA H . 37 A0 bR T A 15 R
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TERU D R AL AL 57

3 it 54ie

ISSR 43 F#ric5 RAPD 1 AFLP 484 FFric
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ARSI o F AR e (HXE T ISSR 43 FARid ok
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R JOR B IG §E RE R 22 i R I G R
KR S SRR A 2 Ik A R
WY, EHAT 0/1 MG Tk X 2 75 02
Faly  BHL K AR 55 » A RRAROYE I 1 32 30— 245 1]
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22 T BRI 25 SR 1 25 . ACHIF 9 38 2 i 3430
5 AL T 51 R JOR B . (RAS IR IS AR B 5
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B PR

VEE BT 34350 I 40 4514 i e
HgE IR E 28R 11 45145 37 4Bk A
R AT T 28 5, o dr 38 &g & 2L
ISSR 5|y B AR & 19351 2 81 28 ik
T 83.13% . I Hy W45 R HAMRIF = Z M.
I, ISSR J3FARic 2T 5% 4R 0 45 H 2R B st
ZREE R ZS R S A RO

K POPGENE 32 {44 R H A AR HLIX (1)
3T ANFIRRI TR AL Z R T T 40 AT, 25 SR R
A 3 AT 23 B A ER A 1 (BT 13 1 2 R
TP R » 25 5 R (PPL) 4 3] 83, 13%, Nei 2
K Z HEPEH8 80 0. 316 9, Shannon {5 B 45 404
0.465 7, st fLAS 545 R U TR 25 FhE R A 7 —
SE ML Sk . 3 R s A Z R R 0. 301 1,
HAR RN I8 2R R 0. 258 8, Nei Z£H 43k &
ok 0. 140 4, SR NTSYS-PC H {4 . AR 54> 14 1]
135t 17 PE B AR 1 37 A Bk 1 458 P41 P A 1) 35 % 2
G R A5 R R 37 MATE R B A e IR b
HUFPIEAS B R AE—R  BAL &) 4y 5 H Ok 5 TG
FLAE AR X i — 25 UL T AN R A AR B 1Y
WALAR S, AT H R R AT RE AR Y 37 ASBRA A 15
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HAERTE (1 (R 2 2 2 L e B AR IR B N R 5
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FEER LR T BRI B BT A A 3R WHZ R 1 119
T S o e e 5 LU SR B, AN T BB T 26
A A EL AP AL ST R MR AR B A 7 AT B A
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