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ISSR analysis of genetic diversity for mulberry Lasiodiplodia
root rot pathogen
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(Guangxi Subtropic Crops Research Institute, Guangxi Academy of Agricultural Sciences, Nanning 530001, China)

Abstract: [ Objective] The aim of the research was to clarify the genetic diversity of Lasiodiplodia theobromae Pat. ,
the pathogen of mulberry root rot which were from various parts of Guangxi, and provide reference basis for disease-resis-
tance breeding of mulberry. [Method] Forty-four L. theobromae strains that were collected and isolated from mulberry
Lasiodiplodia from various mulberry planting areas in Guangxi were used as materials. Genomic DNA of tested strains
were extracted by using the Fungal Genome DNA Extraction Kit. Sixty primers were randomly selected from the ISSR
primer sequence published by Columbia University of Canada to pre-amplify the DNA of eight strains, then the DNA of
all the tested strains were amplified using screened primers with clear and large number of amplified bands.The number of
amplified bands of each primer to forming 0 and 1 matrices was counted. NTSYSpc( Version 2.10¢) analysis software was
used to calculate genetic similarity coefficients among different strains, using unweighted pair-group method with arithme-
tic means (UPGMA) to construct phylogenetic dendrogram and analyze the cluster correlation. The degree of genetic
differentiation of strains from different geographical and host sources were analyzed by using PopGene( Version 1.32) soft-
ware. [Result] Results of ISSR showed, the percentage of polymorphic loci of the 44 strains (7 populations) was more
than 92.00%; the average genetic identity (/y) and average genetic distance (D) of the 7 populations were 0.7363 and
0.3108 respectively; the average gene diversity index (H) and the average Shannon’s information index (/) of the 44
strains were 0.3263 and 0.4841 respectively, higher than those of the 7 populations (0.1256 and 0.1796). The coefficient
of genetic differentiation (Gst) and the gene flow (Nm) of the 44 strains were 0.6142 and 0.3141 respectively. [Conclu-
sion] Strains of the pathogen of the mulberry Lasiodiplodia root rot disease has high polymorphism. The genetic diversity
among the strains is higher than that of the population, the genetic diversity is related to the geographical origin of the
strains.
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(W8 2 SCY E R 74 10 SR o 171 AR 2K 20.06
Jiha, & 3 Ay AR A — R (X)) A 5
BEECAE P S (T T M55, 2017) . ELF 2SR F 23K
SR ) 2 b 5 7 B T LR AT G
14 L TR A 50 2 il il ol 8 45, 20125 5 200
2016) . W] ] & {4 — 1@ (Lasiodiplodia theobromae
Pat.) s — i 2 BUME AL L, FE A iR iz 0 A
(Sreerama and Singh,2009) . L. theobromaelf) 3 F
T 5002 R, FEAR RIS [RI AR 5 S ) 350
AR L Fh 2 RE (B 26 18855, 2012 Safdar et al., 2015) .
20144F , R E B IR HRIB L. theobromaeft] P B 47
YL ZRAR TR | AR JE 9 (Xie et al.,2014) , HHAE™
i k= BT IA R B 6 IR A R . U
BB AR YA Y — TR GRS 5
WL AR T RYUR E R TAER A SR
SCo [T ABFFE 2 INghia®% (2012) Fl FHISSR A F-45¢
ICIHSY K B AR I #9208k Botryodiplodia theobromae
(L. theobromael) 544 ) IR 15t A% ZHE0E, kK LS
10T PR A ISSR S K] 73 15 T A A0 3t R AT G
Tan 4 (2012) F F 67 126 t 194 X ISSR 5[ 4 % 20 R L.
theobromae W R IEAT /3 FARIC , H4 14 11483 . DNA
Al 1265 R 2SR 2% H29.9%; K
KO EE R BN, A AR O 2RRE , SR Y
SHIBRIFETCE . F/NAT(2015)BIF5E T 1235 J i
PR 3L ZREE R BRI )AL Z RV R T, bk
(0 SR 5 Tk 1) b R PR B0 ) T OCHK . Qiuf
(2015) F HIISSR 43 ¥ B 10 W IE 1 4 %0 JA2 15 T B Dii-
plodia seriata . Neofusicoccum parvum . Botryosphaer-
ia dothideaF1L. theobromae 41 FfAS ) b H K I Y
VTUVRR TR R 135 A% Z REPE Rt AL 434k, 25 SR 3R W ] —
b F A Y5 A R Mg A% 22 S WD A [ ARS8 WD A R T i
NHFFREER BN, L. theobromae Pk W) 5t 45 Z £ P
B TR BRI A OC . REB O _ARIEWIEN
T S A 7 b E R AR RO (HH Ji
TR Y35 A AR PR RN S 2 AR 7155 TR R Y b 3
SRR 1 7 1 — 25 BIE . [ e Ay S B ) i ] R
FHISSRAFFARICI MR H T PYA [F] S Ak X A AR
JERIRIAL. theobromae Rk (135t % Z A  F FNT-
SYSpcHIPopGene 73 BT i35 B 4352 A5 AHALL 2R E50FN
BHE AR S EE, SR AR AU - A 2
gk T REE I T RISH AT, LB Ak E]

(R 352 A% oA G 10 B FE 5 P R M B R DR TR DG R, o
FHIE SRR B R BRA Rt S %

1 #MRERE

1.1 HHAE#k

PRI R AS TRABEZE DT P A B | B ZE 0N 25
1) 5% B (0 FUAR B o s MRAR R 20 243 2, I3 b A
85 EC % DU 36 30F I 52 PR AR [ TTS 3 51 FTEF 1- o) 31
KBS (1), F1TL. theobromaelF ¥EHITTS F
EF1-oJ7 8 # CAENCBIH ENHESS , B 58 &
RHIL. theobromaelt 3% H ¥k CBS 164.96 (Phillips et
al.,2005) FITS 751 (% 55 AY640255) FIEF 1 -0F
Y1) OB 55 AY 640258 ) [F 1 1599%

1.2 EHRDNARE S

R B 5L R 41 DNA R BGR 7] & (B.Z.NLAL”
Fungal DNA Min Kit, OMEGAZ\ @] £k 72 ) # Bt 2R
TR AR 110 35 DK 4 DNA, $22 BRG] 8 B8 VE 16 A kA 7 42
W FH1.0%Br B W S5 HEC FEL KRS iy 412 BB A7) P e JEE 1]
ZH DNA T i, - FAZ R vie J3 I3 SO s JFLvfe g S5
T7ETF-20 CokA, &

1.3 ISSRiEfESHMESHT

1.3. 1 ISSRAl#miHik  MINEREHE TR AL
AT PIISSRG ) 5 31 v Bt 1L 1E H 60 45 51 9 (Ji] S 37
2005) , FFZALA TAEY TR (R BROAERAF A
o FEH60KISSRE [P AN [R] b Bk Y5 FIAS [ 27
(1) 8 PR T AR DNABIAR AT 43 , DA Bt A 3 2 4%
WA 2 REE T, PTG
51915 44k AR R EF TISSR PCRASELEE T
1.3.2 ISSR PCRE & % Wik LM AZ25.0 pL:
30 ng/uL DNAMEH1.0 pL, 10 pmol/L5[41.0 pL,
10 mmol /L dNTP 0.5 pL, Tag Buffer 2.5 uL, 25
mmol/L MgCl,2.0 uL,5 U/uL Tagf#{0.2 pL, ddH,O
17.8 uL. ¥ HFF:95 CHIAMES min; 95 C 30 s,
iR KR EE42~48 C (R KR BEAR SR 5| Wik E ) |, 1B
KINFE]45 5,72 °C 2 min, PEATASNMERR ;72 °C ZEfif
15 min,

PCRY 347 Wil : Be il 1.8 % EWEIE , R B
BEIE TR FN 2R 60 CCAE AT, AR E BN i g 114 A
T LN A — 8 S R IR Gkt R 51 R A
AR P o fof BEAR 56 42 8 [ J , BL5.0 pL PCRZ N
FEM AL, UK (100 V, 80 mA)3.5 h)F , ¥t Fe
% UVItec" B I A4 R 48 1 WELPCR ™ ) HL Tk 45
FEAE,
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Table 1 Information of L. theobromae strains

Fes [GL73=2 HhFIA R IR IITS/EF 1-0)7- 51 575 JE

No. Strain No. Geographical location ITS/EF1-a sequences accession number of strain Population
1 LX-4 AT G E MK 696005/MK 696988 ZN (LX)
2 LX-6 TSN H MK696006/MK 696989 ZIN (LX)
3 LX-3 REET R M E MK696007/MK 696990 S (LX)
4 LX-1 REMZME MK696008/MK 696991 ZM (LX)
5 LX-5 KR LM L MK696009/MK 696992 ZM (LX)
6 LX-9 PSGE TR MK696010/MK 696993 ZM (LX)
7 LX-2 FEETTLM L MK696011/MK 696994 ZM (LX)
8 LL-79 PN T e B MK696012/MK 696995 JEZE(LL)
9 LL-73 PN T e B MK696013/MK 696996 JEZE(LL)
10 LL-74 M REZE B MK696014/MK 696997 JE%E(LL)
11 LL-75 MO REZE B MK696015/MK 696998 JiE%E(LL)
12 LL-72 MIPH T R 2 B MK696016/MK 696999 JEZE(LL)
13 LL-71 MHTiT R 28 B MK696017/MK 697000 REZE(LL)
14 WM-36 FEM TS B MK696018/MK697001 ZE11(WM)
15 WM-33 i TENIRES MK696019/MK 697002 21 (WM)
16 WM-30 i1 =Y MK696020/MK 697003 Z i (WM)
17 WM-28 i1 =Y MK696021/MK697004 1 (WM)
18 WM-35 M B MK696022/MK 697005 S (WM)
19 WM-29 M TS B MK696023/MK 697006 1 (WM)
20 HY-6 MR AT MERLB=Y MK 696024/MK 697007 FL(HY)
21 HY-4 It T B B MK696025/MK697008 M (HY)
22 HY-3 ATl TR MK696026/MK 697009 HIM(HY)
23 HY-5 Tt T B B MK696027/MK697010 EIN(HY)
24 HY-8 It B B MK696028/MK 697011 I (HY)
25 NH-1 TS MK696029/MK 697012 5 2L (NH)
26 NH-24 MRS MK696030/MK697013 5 EL(NH)
27 NH-21 TR MK696031/MK697014 i EL(NH)
28 NH-26 TR B MK696032/MK 697015 L (NH)
29 NH-8 TR MK696033/MK697016 FEE-(NH)
30 NH-5 ki o= MK696034/MK697017 ML (NH)
31 NH-23 TR E MK696035/MK697018 ML (NH)
32 NH-3 M MK696036/MK697019 5 2L (NH)
33 NH-2 MRS MK696037/MK 697020 5 EL(NH)
34 LR-83 R T e L MK696038/MK 697021 iz (LR)
35 LR-72 M T il 2e B MK696039/MK 697022 A% (LR)
36 LR-73 MM T3 il ae B MK 696040/MK 697023 fili e (LR)
37 LR-79 HM T3 il 4 B MK696041/MK697024 ‘e (LR)
38 HL-51 T T 2 gk B MK696042/MK 697025 B4 (HL)
39 HL-52 T T 2 Ik B MK696043/MK 697026 %3 (HL)
40 HL-53 MM TS5 MK696044/MK 697027 B9 (HL)
41 HL-61 T T 2 e B MK696045/MK 697028 % (HL)
42 HL-62 ] T 2 ek L MK 696046/MK 697029 Z IR (HL)
43 HL-56 Tl T B IR MK696047/MK 697030 Z Y (HL)
44 HL-57 T T % g B MK696048/MK 697031 Z Y (HL)

1.4 HiEgE

WLEL 55 | WX B RR R AR 3 rL UK B, Gt
BEFRT Y 3 50780, e SR AT CF AR e h 1,
To 2k it M 0) , JE B0 1 4 . Fl HINTSYSpe
(Version 2.10e) 355N [R) BB ] 1) 35t AL AR Z 4K, >R
FAE A 2H -1 73: (Unweighted pair-group method
with arithmetic means, UPGMA) {4 R 5 & H R
Bl IF k17 R & 53 1 o I HH PopGene ( Version
1.32) 43 B A [7) s B Y5 RN 2 =8 2 TR B BR: 1) a5 4% 43
., 28%HE A

2B (%) =2 B B A< 100

2 BRE5HMH
2.1 S|¥FikgER

FIIH60 55 ISSRE | P47 14 ¥k I A% 1 DN A KA,
MH B 1045 B 457 T M A Bk L R
1519 (R2).,
2.2 ISSR¥IELER

I FH 75 3 1 1 10 2% 51 4 T 44 Bk B AR DNA H
FrIEATY 1, SEARIC H 10956 DNA 555, 450 K/
F250~3000 bp, H 2B MR H 10155, Z85FN
83.33%~100.00%, V-3 2 & % 5192.66%. 1, LA



+1508 - Bk w E

i 50 &

& 2 10%KISSREIMy HHIFHE
Table 2  Stripes amplified by 10 ISSR primers

51975 (53" B &R
Sequence of primer(5'—3") () EZ e e
Annealed  Amplified stripe/
temperature polymorphic stripe
(GA)T 42 12/11
(GA)YT 42 13/13
(TG)sRG 42 9/8
HBH(AG); 42 13/12
BHB(GA); 42 12/12
VHV(GT), 45 12/10
(GAA):s 42 10/9
BDB(CA), 438 10/9
AGAGTTGGTACGTCTTGAT 45 8/8
CATGGTGTTGGTCATTGTTCCA 48 10/9

B=(C,G,T);D=(A,G,T);H=(A,C,T);V=(A,C,G);R=(A,G);
Y=(C,T)

5 YHBH (AG) ¥ 1 1) 45 B 2 (E 1) L 3
M 12455, 275%592.31%,
2.3 ISSRIFIEMEAMBRSINER

R HINTSYSpe 2.10e4t i ISSRAR i £ 4 , i1
BRI 250, I HUPGMAM 2 58k B B 2E K
(F12) . RAE AL REO ), W] B bk ]
RGO F I 5 LA R BB , SR WI TR [H] 3 2%

ik13%%,

KR . E2 7R, A U5 T AS [7] B 5 1) 44 8%
L. theobromae W MR 73 J 74 JE#E (R 1) | 84 4
Ll ZEUAE0.65~1.00, F-F41°50.83, MR LLsife
FHL R %0.77 (LIEZR) BB, BT A TR AR S0 | Ak 7
613z b o ok A Rl (LR) IS 1L (WMD) T
PRRAE S , HAh J5 1 0 B R o3 0 At 7 R AE— 143
W b o 44KRL. theobromaeF MR BITISSRERIC 2 4k B
T, SR A 8% 2R 7K 5 TR AR ) b HE R
TRA TR K AR S, A [ B HR PR A B Rk, s A1
RIVEAR , 8% oL FR B v o
2.4 ETFISSRIFEH BB EBEESUSTER
| F PopGene 1158 45 & ¥ 1Y 15t 45 #1525 (D) Al
Nei’ sigtf&—80UE (L), 45 (FR3) WoR 7 Ry is
1 —FU 40.5702~0.8239, V-1 40.7363 ; AL FE B
70.1938~0.5618, F-14°40.3108, 74~ FE#EH, B M
(HY) JEBERIL. theobromae T FR BERF1 52 1L (WM)
JEREMIL. theobromae AR FEIAR )18 A% B B fe izt (DA
0.5618) , it f% —BUE Ik (K240.5702) , Bi X 24
JEE] R85 AR B i 1 , SR O R A 5 Thi i L
(NH) JERERIL. theobromae W AR EFAR A G M (LX) J&
HEWIL. theobromae T MR REIR B AL — BUE e i (L

34 5 6 7 & 9% 10311 12 13141531617 181920 21 22 M

5000 bp
3000 bp

2000 bp

1000 bp
600 bp

200 bp

M 23 24 25 26 27 28 29 30 31 32 33 34 3536373839 40 4142 43 M ck M

-
-
- o
-

1 SI4THBH(AG) HI¥ LR
Fig.1 Amplifying result of the primer HBH(AG ),
M :DNA Marker; 1~5 : FLH B##k 5 614 B ELBTRE 5 15~21 - S Bibk 5 22~28 « BRI B s 29~34 - BEZE 1A PR 5 35~40: 52 LRI ; 41~44 : Bl TRk ; K
25 AN R
M:DNA Marker; 1-5: Isolates from Yizhou; 6-14: Iolates from Hengxian; 15-21: Isolates from Xiangzhou; 22-28:Isolates from Luocheng; 29-34:
Isolates from Luzhai; 35-40: Isolates from Mengshan; 41-44: Isolates from Rong’an; CK: Negative control
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HL-57
| LL-79

LL LL-73

LL-71

LL-75
—| LL-74
LL-72

LR-83
‘ LR-72

LR-73

LR-79

WM-29
WM-35
WM-28
WM WM-30
WM-33
WM-36

LR

0.65 0.72 5 0.79 0.86 0.93 1.00

0.77
Coefficient

B 2 44¥KL. theobromacE¥EHIUPGMARE ST #T4E R
Fig.2 UPGMA dendrogram of 44 L. theobromae isolates

R 3 L.theabromacERK TN BBEHINei s — B E =R B

Table 3 Nei’s genetic identity and genetic distance of seven populations of L. theobromae strains

St JEZE(LL) g0 (LX) EOHN (HY) @8 (NH) ZEl(WM)  B(HL) @k (LR)
Population Luzhai Xiangzhou Yizhou Hengxian Mengshan Luocheng Rong’an
JiE %€ (LL) Luzhai HAAk 0.7806 0.7224 0.7901 0.7328 0.8132 0.7639
%M (LX) Xiangzhou 0.2476 HokkE 0.7220 0.8239 0.6356 0.8193 0.6804
B (HY) Yizhou 0.3252 0.3257 sk 0.7468 0.5702 0.8137 0.6725
Fi & (NH) Hengxian 0.2356 0.1938 0.2919 Ak 0.6642 0.7951 0.7357
1l (WM) Mengshan 0.3109 0.4531 0.5618 0.4092 HAAK 0.6545 0.8206
Z4 (HL) Luocheng 0.2068 0.1993 0.2062 0.2293 0.4239 Ak 0.7048
f: (LR) Rong’an 0.2693 0.3851 0.3967 0.3070 0.1977 0.3498 HAAK

XFFLRN I hBHEIEES (D), A Nei sistfe— 38 (1)

Genetic distance(D) and Nei’s genetic identity (/y) were below and above the diagonal line respectively

0.8239) , AL IE B f 7 (D~ 0.1938) , i B 3% 24 i 1900, 85 5 (3R4) WoR , TN R RER) -1 2285407 258

R B AL RR ARG, R R T . (P1)H25.574 23500 15 H 4R (Ppl) H28.73%,
2.5 ETFISSRIFICHIEMRE A SHESTER S B A L N B (Na ) Hy 1.2873, -3 %G 25 Avr

F| FHPopGene X 74~ J& BE (1) 15t 1% 2 AL 1E 2 B LR (Ne) h1.2325, -2 5L R ZREVEFE 50 (HD
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0.1256,*F-*jShannon’ s{5 B 541 (1) 40.1796, HHr,
NHJE#EH PR % , 1542.001, Ppl A 47.19% ; WM JiE
BEIPIRPPERAR . JEREN I Z R ELAILLIE R
E bk, Hirkh0.2973 , LRIERE AR, 2H0.0618.
H1 2 Sn] A, ZHR N 448R L. theobromae # MR AER
K- B Na 41.8989, Ne M 1.5689, H40.3263, 1K
0.4841, TH PR B B4 & B (H) F-340.3255, FK -

& 4 L.theabromaeHHRTNBEEMRE SHMEKTE

AL (Hs) $90.1256, 3L AL 280 (Gst) 4
70.6142 , B (Nm) 280.3141

X 28 LR AR S T & TS % Z A E ST A,
JEBE N BRI 34 H(0.3263) F11(0.4841) ¥ 55 T
HEH B -3 H(0.1256) F11(0.1796) , Ui B Ja F P4 1435t
£ 28, AL AR & T 7 R R R 35 AL 2
TRFREE , IR st L 2R A

Table 4 Genetic diversity of seven populations of L. theobromae strains

S FEAKL EZ NIV 2NN WERSENL ATRLEFEL Nei’ sH:[A Shannon’s

Population Sample size Pl F5r%(%) Ppl FERBUNa BB Ne ZFMERRE(H  ([BEREU

REFE(LL) Luzhai 6 41.00 46.07 1.4607 1.3953 0.2096 0.2973

%M (LX) Xiangzhou 7 19.00 21.35 1.2135 1.1907 0.1004 0.1415

EI(HY) Yizhou 5 22.00 24.72 1.2472 1.2038 0.1099 0.1568

5 EL (NH) Hengxian 9 42.00 47.19 1.4719 1.3610 0.1968 0.2834

%111 (WM) Mengshan 6 9.00 10.11 1.1011 1.0792 0.0439 0.0631

%35 (HL) Luocheng 7 36.00 40.45 1.4045 1.3283 0.1771 0.2530

22 (LR ) Rong’an 4 10.00 11.24 1.1124 1.0691 0.0414 0.0618

P34 Average 25.57 28.73 1.2873 1.2325 0.1256 0.1796

R 5 A4KL.theabromaeHHRHI R 1E & MK T

Table 5 Genetic diversity of 44 L. theobromae strains

k= FEAEL WL ST RN Nei’sHE[H Shannon’s  RgfEAR Rkt wfeafh JERR

Index Sample HEEEL LR MR RS Feyi AT E 4 fE
size Na Ne H I Ht Hs Gst Nm

-3 Mean 44 1.8989 1.5689 0.3263 0.4841 0.3255 0.1256 0.6142  0.3141

NIACF-35%L Weighted average 0.3032 0.3479 0.1681 0.2231 0.0285 0.0067

3 itig o ASHVGE AR TV R [ SRR X P 44K L.

W5 W, 0 73 FL A B R A 18 A% AR PR S5 TR PR
(1) b R 5 TCAH S , AT 35 23 EL T 1Y a4 2 AR
55 TR PR A L PR IR ] A A —E K AR . Shah%5(2010)
S T R T BB II30RK L. theobromaelmitA st
& 2R, % IR 1 AN [a) B R YR Y 1 R ) 3 A &2
FEVEE &, R F R — b B U5 A% B R s A4 AR AP
T o NghiaZs (2012) FIFHISSRAr THric s #T T 3k A
IR 9208K B. theobromae &bk 13845 ZREE , 16
5 W AARIC 214 2K DNA ST , 284401 M 164
%, P 2B NT6.6%; UPGMA KL TR, 20
PREAVRBE 73 4 DA R R0 40 5 AR % 2
JeiA ¢, Prajapati FlPatil (2015) FIBF 5% 2B, 9k
S B BN AS 6] ok XA AR 35 HL X B L. theobromae T ¥k
B AT MW 2R 2R 0 5 TR R ) b 2R R G
WERFR . Qiui(2015) FHISSRAFFARICHIFE T
#i) % JE & o Bk Diplodia seriata . Neofusicoccum par-
vum B. dothideaFIL. theobromae 41> FhAS [7] i B >
G ORWAR Y NESL Y Sk i 2 S o | Buag f-pa L WESE Y U
— R IRAIL. theobromae W AR [A) {15 B B 15t AL A%

theobromae W ¥R B X 70 710 JERE, UPGMA R 2k I
AR FERER 3 5 M R O, 5 Nghiad5 (2012) i
FREEFANL s ARWFFLISSR AT T-hiic 45 5 i 7w B Ak ]
st il Z AR TR ] BI85 2 A KO 25
TR K, 5Qiu% (2015) BFFT A,
FAALL

Burgess“5 (2003)BF5E 12K AR FAREFIRR BT
JEFEWIIL. theobromae W Mgt 1% ZFE 1, & I Ik
ISSREERFN 7+ 5F FHABH LR, JTERE
()RR FIAE KA (IX) , 2% 1T EL R i) St il Fh e 22
HARRHMAR R84, 2016) o ASHF9E P B9 56 3
PR TR RS B R RN R E 27k
SEEE ARXEHFA LS, DR R AR 0 P R B
ARV S SRR . {HL. theobromaelF 32T {0 — 40
RIS 8 S 1T, Hast A% 43 Ak F 2 15 5 AN [R] St
A P O i i 2 Bk
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