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ABSTRACT
Genetic diversity of 23 Lasiodiplodia theobromae isolates on Morus alba and 6 isolates on Agave
sisalana in Guangxi province, China, was studied by using random amplified polymorphic DNA
and inter-simple sequence repeat molecular markers. Results of two molecular markers showed
that the average percentage of polymorphic loci of all isolates was more than 93%. Both
dendrograms of two molecular markers showed obvious relationship between groups and the
geographical locations where those strains were collected, among which, the 23 isolates on M.
alba were divided into 4 populations and the 6 isolates on A. sisalana were separated as a
independent population. The average genetic identity and genetic distance of 5 populations
were 0.7215, 0.3284 and 0.7915, 0.2347, respectively, which indicated that the genetic identity
was high and the genetic distance was short in the 5 populations. Average value of the gene
diversity index (H) and the Shannon’s information index (I) of 29 isolates were significantly higher
than 5 populations which showed that genetic diversity of those isolates was richer than the
populations and the degree of genetic differentiation of the isolates was higher. The Gst and Nm
of 29 isolates were 0.4411, 0.6335 and 0.4756, 0.5513, respectively, which showed that the
genetic diversity was rich in those isolates.
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Introduction

The fungus Lasiodiplodia theobromae (Pat.) Griffon &
Maubl., anamorph of Botryosphaeria rhodina (Berk. & M.
A. Curtis) Arx, is pleomorphic, plurivorous and ubiqui-
tous soilborne pathogen in the tropics and subtropics
(Úrbez-Torres et al. 2008). As a plant pathogen, L. theo-
bromae associated with up to 500 plant hosts and
caused numerous diseases, including gummosis, leaf
necrosis, dieback, collar rot, root rot, fruit rot, leaf spot,
decline, leaf blight, cankers and witches’ broom and so
on (Úrbez-Torres et al. 2008). It also occurs as an endo-
phyte (Mohali et al. 2005; Rubini et al. 2005). Mulberry
root rot caused by L. theobromae in Heng County of
Guangxi Province, China, was first reported in 2014 (Xie
et al. 2014) and diseased area was about 2400 ha,
where approximately 300 ha mulberry was seriously
diseased with the diseased and mortality rate more
than 80%. It was found that this disease also occurred
in many other counties of Guangxi Province where
mulberry was cultivated.

Colonies of L. theobromae were initially white, with
fluffy and aerial mycelia, and overgrew the Petri dish

in 4 days. Then, the colonies turn grew to black and
spreading with superficial dark-branched septate
mycelia. Black colour of mycelia on reverse sides of
Petri plates was visible. The conidia of the pathogen
were initially unicellular, hyaline ellipsoid to subo-
void. Mature conidia were dark brown, bicelled,
thick walled and ellipsoid.

The molecular markers such as random amplified
polymorphic DNA (RAPD) and inter-simple sequence
repeat (ISSR) have been extensively used to investi-
gate the genetic diversity of plant pathogens at
strain and population level (Wu et al. 2000; Liu
et al. 2014; Chen et al. 2015). Genetic cluster dendro-
gram based on the results of molecular markers
often keeps a relationship with the geographical
region, host, pathogenicity, vegetative compatibility
group and other aspects of the tested isolates, and
the genetic diversity and difference of intra- and
inter-species from different sources could be under-
stood by analysing the dendrogram (Shafagh et al.
2008; Baysal et al. 2010). Dendrogram generated
based on RAPD and ISSR divided the 158 isolates of
Botryosphaeria into three groups and those groups

CONTACT Ji-guang Wei jiguangwei@gxu.edu.cn

MYCOLOGY, 2016
VOL. 7, NO. 4, 155–164
http://dx.doi.org/10.1080/21501203.2016.1232762

© 2016 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is properly cited.

http://www.mscfungi.org/
http://www.tandfonline.com


were identical with the morphological characteristics
and cultural properties of those isolates (Zhao 2007).
The aim of this study was to evaluate genetic diver-
sity of some L. theobromae isolates collected from
Morus alba and Agave sisalana by RAPD and ISSR
molecular markers and reveal the genetic variation
and the correlation between genetic diversity and
geographical locations.

Materials and methods

Isolates and identification

Twenty-three isolates and six isolates of L. theobro-
mae, respectively, on M. alba and A. sisalana Perr. ex
Engelm. collected from geographical locations were
used for analysing the genetic diversity (Table 1),
which were confirmed to be the pathogen of mul-
berry root rot and sisal leaf spot disease on A. sisa-
lana according to the Koch’s postulate, respectively,
and were identified as L. theobromae based on mor-
phological characteristics and sequences of the rDNA
internal transcribed spaces (rDNA-ITS) and nuclear
translation elongation factor l-α (EF1-α) previously.

Phylogenetic tree based on the rDNA-ITS sequences
of the 29 isolates was made (Figure 1).

DNA extraction

Isolates were cultured on potato dextrose agar for
f5 days at 28°C and the genomic DNA was extracted
by using the E.Z.N.A.® Fungal DNA Min Kit (produced
by OMEGA Co. Ltd.). DNA concentration was quanti-
fied on a spectrophotometer (Eppendorf
Biophotometer, Hamburg, Germany) and was diluted
according to experimental needs.

Primers selection

RAPD primers with more bands and better repeat-
ability were screened out by using fifty 10-base oli-
gonucleotide random primers to amplify the DNA of
10 isolates. Then, the selected primers were used to
amplify the DNA of the 29 isolates. For tested ISSR
primers screening, 60 primers published by
University of British Columbia, Vancouver, Canada,
were used to amplify the DNA of 10 isolates and
the selected primers were used to amplified the

Table 1. Isolates for genetic diversity analysis.

Number Isolates code Host Geographical location
BLAST search results or GenBank

accession number

1 DJ-2 Morus alba L. Heng County, Guangxi 99% with KM278132
2 DJ-1 Morus alba L. Heng County, Guangxi 100% with KF697687
3 FCE Morus alba L. Heng County, Guangxi 99% with KJ381073
4 STSF-3 Morus alba L. Heng County, Guangxi 99% with KF923857
5 YB-1 Morus alba L. Heng County, Guangxi HG917932
6 YB-3 Morus alba L. Heng County, Guangxi 99% with JX275780
7 LP-1 Morus alba L. Heng County, Guangxi 99% with JX275790
8 LP-2 Morus alba L. Heng County, Guangxi 99% with JX945583
9 LZ-5 Morus alba L. Luzhai County, Guangxi 99% with KM357551
10 LZ-9 Morus alba L. Luzhai County, Guangxi 99% with KR260800
11 LZN-3 Morus alba L. Luzhai County, Guangxi 99% with JX982240
12 LZ-4 Morus alba L. Luzhai County, Guangxi 99% with HM346876
13 LZ-1 Morus alba L. Luzhai County, Guangxi 100% with KC511597
14 LZ-12 Morus alba L. Luzhai County, Guangxi 99% with KR183781
15 YZ-3 Morus alba L. Yizhou County, Guangxi 99% with KJ596529
16 YZ-4 Morus alba L. Yizhou County, Guangxi 99% with KR340470
17 YZ-5 Morus alba L. Yizhou County, Guangxi 99% with HG917933
18 YZ-6 Morus alba L. Yizhou County, Guangxi 100% with KR340470
19 XZ-1 Morus alba L. Xiangzhou County, Guangxi 99% with KJ596523
20 XZ-2 Morus alba L. Xiangzhou County, Guangxi 99% withEU938326
21 XZ-3 Morus alba L. Xiangzhou County, Guangxi 99% with KM006436
22 XZ-4 Morus alba L. Xiangzhou County, Guangxi 99% with KP132362
23 XZ-5 Morus alba L. Xiangzhou County, Guangxi 99% with GQ469920
24 JD-1 Agave sisalana Perr. ex Engelm. Wuming County, Guangxi LN849073
25 JD-2 Agave sisalana Perr. ex Engelm. Wuming County, Guangxi LN849072
26 JG Agave sisalana Perr. ex Engelm. Wuming County, Guangxi LN849071
27 JF-1 Agave sisalana Perr. ex Engelm. Wuming County, Guangxi 99% with LN849071
28 JF-3 Agave sisalana Perr. ex Engelm. Wuming County, Guangxi 99% with KR260794
29 JC Agave sisalana Perr. ex Engelm. Wuming County, Guangxi 99% with KR001854
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DNA of all the isolates. All the primers were synthe-
sized by Sangon Biotech, Co., Ltd. Shanghai, China.

RAPD PCR amplification

PCR amplification was carried out in a 25-µl reaction
volume containing 2-µl template DNA (approximately

30 ng/µl), 12.5 µl DreamTaq™ Green PCRMasterMix (pro-
duced by Sangon Biotech, comprising dATP, dCTP, dTTP,
dGTP, 0.4 mM each; 4 mM MgCl2; blue dye and yellow
dye), 2 µl primer (10 μmol/l) and 8.5 µl ddH2O. The
amplification was performed in a Thermocycler (My
Cycler™ Thermal Cycler System 170-9703, Bio-Rad) with
initial denaturation at 95°C for 5 min, followed by 45
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Figure 1. Phylogenetic tree of the tested isolates.
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cycles at denatured temperature 95°C for 30 s; annealed
temperature was 39°C for 1 min, extended temperature
72°C for 2 min and the final extension at 72 for 15 min.

ISSR PCR amplification

PCR amplification was carried out in a 25-µl reaction
volume containing 1-µl template DNA (approxi-
mately 30 ng/µl), 1 µl primer (10 μmol/l), 0.5 µl
dNTP (10 mM /μL), 2.5 µl Taq Buffer, 2 µl 25 mM
MgCl2, 0.2 µl Taq polymerase and 17.8 µl ddH2O. The
amplification was performed in a Thermocycler with
initial denaturation at 95°C for 5 min, followed by 40
cycles at denatured temperature 95°C for 30 s;
annealed temperature was subject to primer from
42 to 48°C for 45 s, extended temperature 72 for
2 min and the final extension at 72 for 15 min.

PCR products measured

The amplified products of RAPD and ISSR PCR were
size separated in 1.8% agarose gel (containing 4S
Green Plus Nucleic Stain, Sangon) under 1 × TAE
buffer (40 mM Tris, 20 mM acetic acid and 1 mM
EDTA) at 80 V for 120 min and 100 V for 180–200 min
at room temperature, respectively. All the gels were
visualized under UV light and photographed using a
gel documentation system (UVItec®). The sizes of
amplified DNA fragments were estimated by compar-
ison with 10 kb DNA ladder markers (BBI).

Data analysis

Those clear, intense and reproducible amplified frag-
ments of RAPD and ISSRwere converted and normalised
into a data pattern as binarymatrix with “1” for presence
and “0” for absence. Polymorphic regionswere scored to
determine the similarity among the isolates. Hierarchical
clusters were analysed to construct dendrograms, using
Dice’s coefficient and unweighted pair group method
with arithmetic mean (UPGMA) methods with the
NTSYS-PC software (Version 2.10e) (Rohlf 1998). The den-
drogram was reconstructed 1000 times by repeated
sampling with replacement and the frequency on
which clusters formed indicating the strength of the
clusters. The software POPGENE (Version 1.32) was
used for statistical analysis of standardpopulationgenet-
ics (Yeh et al. 1999). The mean gene diversity index (H)
was calculated as H = (1 − ∑Pi

2), of which Pi was the
frequency of allele at the locus (Nei 1973).
Heterozygosity and percent polymorphic loci were esti-
mated for all populations. Genotypic diversity was calcu-
lated by Shannon’s information index (I). Differentiation
among populations was estimated by indirect estima-
tion of gene flow using Gst with Nm = 0.5(1 − Gst)/Gst
(McDermott and McDonald 1993).

Results

The primers selection and amplification

Sixteen RAPD primers and 13 ISSR primers with more
bands and better repeatability were screened out,
respectively (Table 2). A total of 168 constantly amplified

Table 2. Primers selected for RAPD and ISSR.
RAPD primers ISSR primers*

Primer
code

Sequence
(5′→3′)

Annealed
temperature (°C)

Amplified
/Polymorphic stripes

Primer
code Sequence (5′→3′)

Annealed
temperature (°C)

Amplified
/Polymorphic stripes

OPA02 TGCCGAGCTG 39 11/11 810 (GA)8T 42 10/10
OPA03 AGTCAGCCAC 39 10/10 818 (CA)8G 45 12/11
OPB07 GGTGACGCAG 39 11/11 840 (GA)8YT 42 12/12
OPC05 GATGACCGCC 39 9/8 858 (TG)8RG 42 9/8
OPC08 TGGACCGGTG 39 13/13 868 (GAA)5 42 10/8
OPC11 AAAGCTGCGG 39 9/9 878 (GGTA)4 45 11/10
R08 CCCGTTGCCT 39 12/11 880 (GGAGA)3 42 9/9
R09 TGAGCACGAG 39 8/8 884 HBH(AG)7 42 10/9
R02 CACAGCTGCC 39 10/10 885 BHB(GA)7 42 13/13
R15 GGACAACGAG 39 11/11 888 BDB(CA)7 48 10/9
K20 ACGGCAAGGA 39 9/8 890 VHV(GT)7 45 10/10
S110 CCTACGTCAG 39 12/12 895 AGAGTTGGTACGTCTTGAT 45 9/9
S96 AGCGTCCTCC 39 9/9 899 CATGGTGTTGGTCATTGTTCCA 48 10/9
S56 AGGGCGTAAG 39 11/11
S30 GTGATCGCAG 39 13/12
S2 TGATCCCTGG 39 10/10
Total 168/164 135/127

*B = (C,G,T); D = (A, G, T); H = (A,C,T); V = (A,C,G); R = (A,G); Y = (C,T).
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DNA bands between 450 and 7200 bp in length (500–
4000 bp in most instances) were generated from 16
RAPD primers, among which 97.6% were polymorphic.
The number of DNA bands amplified by primer OPC08
was the most and totally 13 bands were polymorphic
(Figure 2). Major size of the 135 DNA bands generated
with the 13 ISSR primers was from 350 to 3000 bp, and
the average percentage of the polymorphic loci was
93.96%. Among those primers, 13 bands were amplified
with the primer 885 and all of them were polymorphic
(Figure 3).

Cluster analysing of RAPD and ISSR

Dendrograms produced from UPGMA analysis
based on Nei’s similarity coefficient of RAPD and
ISSR molecular markers showed the similarity coef-
ficient ranged from 0.61 to 0.92 and from 0.69 to
0.99, respectively, and divided the 29 isolates into
7 branches (when the similarity coefficient reached
0.76) and 5 branches (when the similarity coeffi-
cient reached 0.746), respectively (Figure 4;
Figure 5). The UPGMA dendrogram based on
RAPD showed that except the isolates from
Luzhai (independently clustered as GL), A. sisalana (independently clustered as GS) and Xiangzhou

(independently clustered as GX) isolates from
Heng (GH) and Yizhou (GY) were clustered into
two or three different groups.

The UPGMA dendrogram based on ISSR showed
that the isolates from Yizhou, Luzhai, A. sisalanal and
Heng (six isolates) were independently clustered in a
branch, but two isolates from Heng and five isolates
from Xiangzhou were clustered together. The den-
drograms based on RAPD and ISSR indicated that
most isolates clustered groups reflecting relationship
with the geographical locations where those isolates
were collected.

Genetic diversity of 29 isolates of L. theobromae
collected from different hosts and geographical loca-
tions showed that those isolates were highly poly-
morphism. The genetic similarity coefficients and its
amplitudes generated by RAPD and ISSR indicated
that two molecular markers could reveal the genetic
background and the degree of genetic variation
among those isolates was very high.

Clusters on dendrogram were first separated all
isolates as two parts, a part belonging to isolates on
M. alba and another part belonging to isolates on A.
sisalana. Twenty-three isolates on M. alba were

Figure 3. Electrophoresis of ISSR PCR products of 29 L. theo-
bromae isolates obtained by primer 885.
Lanes 1–5: Isolates from Xiangzhou; lanes 6–13: isolates from Heng;
lanes 14–17: isolates from Yizhou; lanes 18–23: isolates from Agave
sisalana; lanes 24–29: isolates from Luzhai; CK: negative control; M:
marker.

Figure 2. Electrophoresis of RAPD PCR products of 29 L. theo-
bromae isolates obtained by primer OPC08.
Lanes 1–6: Isolates from Luzhai County; lanes 7–11: isolates from
Xiangzhou; lanes 12–14 and 18: isolates frome Yizhou; lanes 15–17
and 19–23: isolates from Heng; lanes 24–29: isolates from Agave
sisalana; CK: negative control; M: marker.
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divided into four populations, namely, Xiangzhou
(GX), Yizhou (GY), Luzhai (GL) and Heng (GH) just
corresponding with geographical locations where
these isolates were collected.

Genetic variation analysis

The average genetic identity and average genetic dis-
tance of the 5 populations based on RAPD and ISSR
molecular markers were 0.7215, 0.3284 and 0.7915,
0.2347, respectively, which showed that there were
high genetic identity and short genetic distance
among those populations. The average gene diversity

index (H) and the average Shannon’s information
index (I) of the 29 isolates were significant higher
than the 5 populations based on the RAPD and ISSR
molecular markers, which indicated that the genetic
diversity and genetic differentiation of isolates were
higher than that among the populations.

Of RAPD molecular markers, Nei’s genetic identity
and genetic distance were different among the five
populations (Table 3, showed by upright numbers).
The genetic identity ranged from 0.6546 to 0.7943,
and the genetic distance ranged from 0.2303 to
0.4237. The maximum genetic identity appeared
between the population GS and GH, and the
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Figure 4. UPGMA dendrogram of 29 L. theobromae isolates based on RAPD analysis.
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maximum genetic distance appeared between the
populations GL and GX. Parameters of genetic diver-
sity of the five populations were calculated by
PopGene software and results showed that average
value of observed alleles (Na) of the 5 populations
was 1.5476, the average value of effective alleles (Ne)
was 1.4009, the average gene diversity index (H) was
0.2224 and the average Shannon’s information index
(I) was 0.3230 (Table 4, showed by upright numbers).
Parameters of genetic diversity of 29 isolates were
calculated by PopGene software and results showed
that the mean of Na, Ne, H and I was 1.9821, 1.7200,
0.4014 and 0.5830, respectively (Table 4, showed by
upright numbers). The total heterozygosity
(Ht = 0.3979), intra-specific heterozygosity
(Hs = 0.2224), coefficient of gene differentiation
(Gst = 0.4411) and gene flow (Nm = 0.6335) were
also calculated for the 29 L. theobromae isolates
(Table 5, showed by upright numbers).

Of ISSR molecular markers, Nei’s genetic identity
and genetic distance were also different among the
five populations (Table 3, showed by italic numbers).
The genetic identity ranged from 0.7298 to 0.8233,

and the genetic distance ranged from 0.1944 to
0.3150. The maximum genetic identity (0.8233)
appeared between the population GS and GY, and
the maximum genetic distance (0.3150) appeared
between the populations GX and GY. Parameters of
genetic diversity of the 5 populations and the 29
isolates were calculated by PopGene software and
showed that the average value of observed alleles
(Na) of the 5 populations was 1.3585, the average
value of effective alleles (Ne) was 1.2903, the average
gene diversity index (H) was 0.1566 and the average
Shannon’s information index (I) was 0.2240 (Table 4,
showed by italic numbers). The mean of Na, Ne, H
and I of 29 isolates was 1.8444, 1.5173, 0.3032 and
0.4528, respectively (Table 4, showed by italic num-
bers). The total heterozygosity (Ht = 0.2987), intra-
specific heterozygosity (Hs = 0.1566), coefficient of
gene differentiation (Gst = 0.4756) and gene flow
(Nm = 0.5513) were also calculated for the 29 L.
theobromae isolates (Table 5, showed by italic
numbers).

According to Nei’s gene diversity and Shannon’s
information index based on RAPD and ISSR

Table 3. Nei’s genetic identity and genetic distance of five populations based on RAPD and ISSR.
Population GX GY GL GH GS

GX – 0.7324 0.6546 0.7632 0.6765
– 0.7298 0.7533 0.8228 0.7987

GY 0.3114 – 0.7091 0.7867 0.6810
0.3150 – 0.7475 0.8061 0.8233

GL 0.4237 0.3438 – 0.7183 0.6984
0.2833 0.2910 – 0.8052 0.8128

GH 0.2702 0.2399 0.3308 – 0.7943
0.1950 0.2156 0.2167 – 0.8153

GS 0.3908 0.3841 0.3589 0.2303 –
0.2248 0.1944 0.2072 0.2041

Genetic distance (below diagonal) and Nei’s genetic identity (above diagonal), upright numbers for RAPD and italic
numbers for ISSR.

Table 4. Genetic diversity of five populations based on RAPD and ISSR.
Population n Pl Ppl Na Ne H I

GX 5 89 52.98 1.5298 1.3482 0.1977 0.2924
23 17.04 1.1704 1.1520 0.0799 0.1126

GY 4 82 48.81 1.4881 1.3747 0.2708 0.2999
29 21.48 1.2148 1.1673 0.0911 0.1313

GL 6 89 52.98 1.5298 1.3588 0.2015 0.2961
65 48.15 1.4815 1.4116 0.2187 0.3101

GH 8 130 77.38 1.7738 1.6455 0.3479 0.4952
71 52.59 1.5259 1.4004 0.2210 0.3192

GS 6 70 41.67 1.4167 1.2775 0.1569 0.2313
54 40.00 1.4000 1.3204 0.1724 0.2468

Average 92 54.76 1.5174 1.4009 0.2224 0.3230
48.40 35.85 1.3585 1.2903 0.1566 0.2240

n: Sample size; Pl: number of polymorphic loci; Ppl: percentage of polymorphic loci; Na: observed number of alleles;
Ne: effective number of alleles; H: Nei’s gene diversity index; I: Shannon’s information index. Upright numbers for
RAPD and italic numbers for ISSR.
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molecular markers, the genetic differentiation among
isolates was relatively higher, whereas smaller
among populations, and there was a high level of
genetic diversity among those isolates.

Discussion

Zhang et al. (2000) found that 30 isolates belonging to
the Botrysphaeria collected from Shangxi, Liaoning,
Hunan, Beijing, Shangdong and Henan province of
China had highly polymorphism (92.81%), some iso-
lates showed obvious geographical and host differen-
tiation, and the others did not, according to the
UPGMA dendrogram based on RAPD. Our results
were partly similar to it, that is, most isolates showed
obvious geographical and host differentiation.
Sangeetha et al. (2011) reported that 12 isolates of L.
theobromae collected from 12 different commercial
banana cultivars showed high degree of genetic varia-
tion and rich genetic diversity among isolates from
different banana varieties based on RAPD. Nghia et al.
(2012) described that the genetic diversity of 20 iso-
lates of Botryodiplodia theobromae (the synonym of L.
theobromae) and 214 DNA bands were generated with
16 ISSR primers (76.6% of those bands were poly-
morphic); the clusters of dendrogram showed the rela-
tionship among isolates from different regions and no
relationship between genetic groups and the hosts.
But, the dendrogram generated based on ISSR in our
study showed significant correlation between the clus-
ters and both the geographical locations and host
plants, and only two isolates collected from Heng
County mixed with five isolates collected from
Xiangzhou County, the reason of which was probably
that mulberry seedlings from Xiangzhou County were
transported to Heng County.

The gene differentiation coefficient (Gst) denoted
the level of genetic variation among populations,

and the genetic differentiation among populations
was generally large when Gst value was above 0.15
(Wright 1978). The strength of gene flow (Nm)
between populations was the important factors
affecting of the population genetic differentiation,
and if Nm value was more than 1, the gene flow
could prevent the differentiation of population that
caused by genetic drift, but limited gene flow could
promote the genetic differentiation among popula-
tions when the Nm value was less than 1 (Hartl and
Clark 1997). Genetic diversity and gene flow of
endophyte L. theobromae were studied, and results
showed that there was no evidence of host specifi-
city for isolates of L. theobromae and there was very
high gene flow between populations from different
hosts and gene flow was less restricted between
isolates from the population of Mexico (Mohali
et al. 2005). In this study, the Gst value (0.4411
and 0.4756) and Nm value (0.6335 and 0.5513) gen-
erated from RAPD and ISSR revealed that genetic
differentiation was large among isolates and the
frequency of gene exchanges between populations
was low.

The sample size of L. theobromae isolates was
relatively small. More isolates collected from different
countries, geographical regions, seasons, hosts, eco-
logical surroundings and soil conditions should be
studied for thoroughly revealing the genetic diversity
and genetic differentiation of L. theobromae.

Highlights

● Mulberry root rot caused by Lasiodiplodia theo-
bromae was a new disease in China.

● Genetic diversity of 29 L. theobromae isolates
was studied.

● Genetic diversity of L. theobromae was related
to the geographic locations.

Table 5. Genetic diversity of 29 isolates based on RAPD and ISSR.
n Na Ne H I Ht Hs Gst Nm

Mean 29 1.9821 1.7200 0.4014 0.5830 0.3979 0.2224 0.4411 0.6335
1.8444 1.5173 0.3032 0.4528 0.2987 0.1566 0.4756 0.5513

St. Dev 0.1328 0.2663 0.1140 0.1397 0.0136 0.0100
0.3638 0.3425 0.1717 0.2353 0.0297 0.0109

n: Sample size; Na: observed number of alleles; Ne: effective number of alleles; H: Nei’s gene diversity index; I: Shannon’s
information index; Ht: total heterozygosity; Hs: intraspecific heterozygosity; Gst: coefficient of genetic differentiation; Nm: gene
flow. Upright numbers for RAPD and italic numbers for ISSR.

162 H.-H. XIE ET AL.



Acknowledgements

We acknowledge financial support from the National Natural
Science Foundation of China: [Grant Number 31270076];
Project of Guangxi Scientific Research and Technological
Development: [Grant Number 14121002-4-3] and the Project of
Nanning Scientific Research and Technological Development:
[Grant Number 20122065].

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This work was supported by the National Natural Science
Foundation of China: [Grant Number 31270076]; Project of
Guangxi Scientific Research and Technological Development:
[Grant Number 14121002-4-3] and Project of Nanning
Scientific Research and Technological Development: [Grant
Number 20122065].

References

Baysal O, Siragusa M, Gumrukcu E, Zengin S, Carimi F, Sajeva
M, da Silva JA. 2010. Molecular Characterization of Fusarium
oxysporum f. Melongenae by ISSR and RAPD Markers on
Eggplant. Biochem Genet. 48:524–537.

Chen ZD, Huang RK, Li QQ, Wen JL, Yuan GQ. 2015.
Development of pathogenicity and AFLP to characterize
Fusarium oxysporum f. sp. momordicae isolates from bitter
gourd in China. J Phytopathol. 163:202–211.

Hartl DL, Clark AG. 1997. Principles of population genetics.
2nd ed. Sunderland (MA): Sinauer Associates.

Liu F, Wei JG, Zhan RL, Ou XC, Chang JM. 2014. Genetic
diversity of Fusarium mangiferae isolated from mango mal-
formation disease in China. Sci Hortic. 165:352–356.

McDermott JM, McDonald BA. 1993. Gene flow in plant patho-
systems. Annu Rev Phytopathol. 31:353–373.

Mohali S, Burgess TI, Wingfield MJ. 2005. Diversity and host
association of the tropical tree endophyte Lasiodiplodia
theobromae revealed using simple sequence repeat mar-
kers. Forest Pathol. 35:385–396.

Nei M. 1973. Analysis of gene diversity in subdivided popula-
tions. Proc Nati Acad Sci USA. 70:3321–3323. Available
from: http://www.pnas.org/content/70/12/3321.full.pdf

Nghia NA, Chi VTQ, Dong NX. 2012. Molecular analysis of
Botryodiplodia theobromae isolates from rubber in
Vietnam using rDNA ITS sequencing and ISSR markers. In:
IRRDB International Rubber Conference. p. 28–31.

Rohlf FJ 1998. NTSYS-pc Numerical Taxonomy and Multivariate
Analysis System Version 2.0. Applied Biostatistics. New York,
NY, Exerter Software. Available from: https://www.research
gate.net/publication/246982444

Rubini MR, Silva-Ribeiro RT, Pomella AW, Maki CS, Araujo
WL, Dos-Santos DR, Azevedo JL. 2005. Diversity of endo-
phytic fungal community of cacao (Theobroma cacao L.)
and biological control of Crinipellis perniciosa, causal
agent of Witches’ broom disease. Int J Biol Sci. 1:24–33.
Available from: https://www.researchgate.net/publica
tion/7790546

Sangeetha G, Anandan A, Rani SU. 2011. Morphological and
molecular characterization of Lasiodiplodia theobromae
from various banana cultivars causing crown rot disease
in fruits. Arch Phytopathol Plant Prot. 11:1–12.

Shafagh N, Rastegar MF, Jafarpour B. 2008. Physiological race
and genetic diversity determination of Fusarium oxysporum
f. sp. Melonis by differential hosts and molecular marker
RAPD in Northern and Rzazvi Khorasan Provinces. Res J Biol
Sci. 3:790–793. Available from: http://profdoc.um.ac.ir/
pubs_files/p11006437.pdf

Úrbez-Torres JR, Leavitt GM, Guerrero JC, Guevara J, Gubler
WD. 2008. Identification and pathogenicity of Lasiodiplodia
theobromae and Diplodia seriata, the causal agents of bot
canker disease of grapevines in Mexico. Plant Dis.
92:519–529.

Wright S. 1978. Evolution and the genetics of populations: a
treatise in four volumes: Vol. 4: variability within and
among natural populations. Chicago (IL): University of
Chicago Press.

Wu XQ, Huang MR, Yin TM. 2000. The use of RAPD to detect the
genetic variation of Sphaeropsis sapinea in China. Scientia Silvae
Sinicae. 36:32–38. (In Chinese). Available from: http://search.
gxstd.com/bookDetail.html?dxNumber=100114060160&d=F8
E8A1420D90CCD059DF18DB7D7DE5B6&lib=searchJour°0&ne
wlogoid=null&gjurl=%E4%B8%87%E6%96%B9%3A%3Ahttp
%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglib.jsp%3Fdxid%
3D100114060160%26aid%3D620%26type%3D3%26d%3D9
07DAAB43FC3E62D75E720E22CE92F48%3A%3B%E7%BB%
B4%E6%99%AE%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%
2Fgoreadmaglib.jsp%3Fdxid%3D100114060160%26aid%3D6
20%26type%3D4%26d%3DFB5FC81C997BCBE7C623A3CA6C
A82066%3A%3BCNKI%3A%3Ahttp%3A%2F%2Fjour.duxiu.co
m%2Fgoreadmaglibjx.jsp%3Fdxid%3D100114060160%26aid
%3D620%26type%3D24%26d%3DF2EAD52B78EC76E285381
237C7921F22%3A%3B

Xie -H-H, Wei J-G, Liu F, Pan X-H, Yang X-B. 2014. First report
of mulberry root rot caused by Lasiodiplodia theobromae in
China. Plant Dis. 98:1581.

Yeh FC, Yang RC, Boyle T. 1999. Popgene, version 1.32.
Microsoft window-based freeware for population genetic
analysis. Edmonton (AB): University of Alberta and Centre
for International Forestry Research.

Zhang XY, Zhao SG, Lv Q, Jia XZ, Liu HX. 2000. Molecular genetic
diversity of pathogenic fungal group causing tree canker II–
28S rDNA-PCR-RFLP and RAPD analysis of Botryosphaeria spp.
Scientia Silvae Sinicae. 36:75–81. (In Chinese). Available from:
http://search.gxstd.com/bookDetail.html?dxNumber=10015
4914698&d=B469BCAF724DC149F82BB32645B6A6AA&lib=s
earchJour 0&newlogoid=null&gjurl=%E4%B8%87%E6%96%
B9%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadma

MYCOLOGY 163

http://www.pnas.org/content/70/12/3321.full.pdf
https://www.researchgate.net/publication/246982444
https://www.researchgate.net/publication/246982444
https://www.researchgate.net/publication/7790546
https://www.researchgate.net/publication/7790546
http://profdoc.um.ac.ir/pubs_files/p11006437.pdf
http://profdoc.um.ac.ir/pubs_files/p11006437.pdf
http://search.gxstd.com/bookDetail.html?dxNumber=100114060160%26d=F8E8A1420D90CCD059DF18DB7D7DE5B6%26lib=searchJour%A00%26newlogoid=null%26gjurl=%E4%B8%87%E6%96%B9%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglib.jsp%3Fdxid%3D100114060160%26aid%3D620%26type%3D3%26d%3D907DAAB43FC3E62D75E720E22CE92F48%3A%3B%E7%BB%B4%E6%99%AE%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglib.jsp%3Fdxid%3D100114060160%26aid%3D620%26type%3D4%26d%3DFB5FC81C997BCBE7C623A3CA6CA82066%3A%3BCNKI%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglibjx.jsp%3Fdxid%3D100114060160%26aid%3D620%26type%3D24%26d%3DF2EAD52B78EC76E285381237C7921F22%3A%3B
http://search.gxstd.com/bookDetail.html?dxNumber=100114060160%26d=F8E8A1420D90CCD059DF18DB7D7DE5B6%26lib=searchJour%A00%26newlogoid=null%26gjurl=%E4%B8%87%E6%96%B9%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglib.jsp%3Fdxid%3D100114060160%26aid%3D620%26type%3D3%26d%3D907DAAB43FC3E62D75E720E22CE92F48%3A%3B%E7%BB%B4%E6%99%AE%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglib.jsp%3Fdxid%3D100114060160%26aid%3D620%26type%3D4%26d%3DFB5FC81C997BCBE7C623A3CA6CA82066%3A%3BCNKI%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglibjx.jsp%3Fdxid%3D100114060160%26aid%3D620%26type%3D24%26d%3DF2EAD52B78EC76E285381237C7921F22%3A%3B
http://search.gxstd.com/bookDetail.html?dxNumber=100114060160%26d=F8E8A1420D90CCD059DF18DB7D7DE5B6%26lib=searchJour%A00%26newlogoid=null%26gjurl=%E4%B8%87%E6%96%B9%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglib.jsp%3Fdxid%3D100114060160%26aid%3D620%26type%3D3%26d%3D907DAAB43FC3E62D75E720E22CE92F48%3A%3B%E7%BB%B4%E6%99%AE%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglib.jsp%3Fdxid%3D100114060160%26aid%3D620%26type%3D4%26d%3DFB5FC81C997BCBE7C623A3CA6CA82066%3A%3BCNKI%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglibjx.jsp%3Fdxid%3D100114060160%26aid%3D620%26type%3D24%26d%3DF2EAD52B78EC76E285381237C7921F22%3A%3B
http://search.gxstd.com/bookDetail.html?dxNumber=100114060160%26d=F8E8A1420D90CCD059DF18DB7D7DE5B6%26lib=searchJour%A00%26newlogoid=null%26gjurl=%E4%B8%87%E6%96%B9%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglib.jsp%3Fdxid%3D100114060160%26aid%3D620%26type%3D3%26d%3D907DAAB43FC3E62D75E720E22CE92F48%3A%3B%E7%BB%B4%E6%99%AE%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglib.jsp%3Fdxid%3D100114060160%26aid%3D620%26type%3D4%26d%3DFB5FC81C997BCBE7C623A3CA6CA82066%3A%3BCNKI%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglibjx.jsp%3Fdxid%3D100114060160%26aid%3D620%26type%3D24%26d%3DF2EAD52B78EC76E285381237C7921F22%3A%3B
http://search.gxstd.com/bookDetail.html?dxNumber=100114060160%26d=F8E8A1420D90CCD059DF18DB7D7DE5B6%26lib=searchJour%A00%26newlogoid=null%26gjurl=%E4%B8%87%E6%96%B9%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglib.jsp%3Fdxid%3D100114060160%26aid%3D620%26type%3D3%26d%3D907DAAB43FC3E62D75E720E22CE92F48%3A%3B%E7%BB%B4%E6%99%AE%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglib.jsp%3Fdxid%3D100114060160%26aid%3D620%26type%3D4%26d%3DFB5FC81C997BCBE7C623A3CA6CA82066%3A%3BCNKI%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglibjx.jsp%3Fdxid%3D100114060160%26aid%3D620%26type%3D24%26d%3DF2EAD52B78EC76E285381237C7921F22%3A%3B
http://search.gxstd.com/bookDetail.html?dxNumber=100114060160%26d=F8E8A1420D90CCD059DF18DB7D7DE5B6%26lib=searchJour%A00%26newlogoid=null%26gjurl=%E4%B8%87%E6%96%B9%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglib.jsp%3Fdxid%3D100114060160%26aid%3D620%26type%3D3%26d%3D907DAAB43FC3E62D75E720E22CE92F48%3A%3B%E7%BB%B4%E6%99%AE%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglib.jsp%3Fdxid%3D100114060160%26aid%3D620%26type%3D4%26d%3DFB5FC81C997BCBE7C623A3CA6CA82066%3A%3BCNKI%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglibjx.jsp%3Fdxid%3D100114060160%26aid%3D620%26type%3D24%26d%3DF2EAD52B78EC76E285381237C7921F22%3A%3B
http://search.gxstd.com/bookDetail.html?dxNumber=100114060160%26d=F8E8A1420D90CCD059DF18DB7D7DE5B6%26lib=searchJour%A00%26newlogoid=null%26gjurl=%E4%B8%87%E6%96%B9%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglib.jsp%3Fdxid%3D100114060160%26aid%3D620%26type%3D3%26d%3D907DAAB43FC3E62D75E720E22CE92F48%3A%3B%E7%BB%B4%E6%99%AE%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglib.jsp%3Fdxid%3D100114060160%26aid%3D620%26type%3D4%26d%3DFB5FC81C997BCBE7C623A3CA6CA82066%3A%3BCNKI%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglibjx.jsp%3Fdxid%3D100114060160%26aid%3D620%26type%3D24%26d%3DF2EAD52B78EC76E285381237C7921F22%3A%3B
http://search.gxstd.com/bookDetail.html?dxNumber=100114060160%26d=F8E8A1420D90CCD059DF18DB7D7DE5B6%26lib=searchJour%A00%26newlogoid=null%26gjurl=%E4%B8%87%E6%96%B9%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglib.jsp%3Fdxid%3D100114060160%26aid%3D620%26type%3D3%26d%3D907DAAB43FC3E62D75E720E22CE92F48%3A%3B%E7%BB%B4%E6%99%AE%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglib.jsp%3Fdxid%3D100114060160%26aid%3D620%26type%3D4%26d%3DFB5FC81C997BCBE7C623A3CA6CA82066%3A%3BCNKI%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglibjx.jsp%3Fdxid%3D100114060160%26aid%3D620%26type%3D24%26d%3DF2EAD52B78EC76E285381237C7921F22%3A%3B
http://search.gxstd.com/bookDetail.html?dxNumber=100114060160%26d=F8E8A1420D90CCD059DF18DB7D7DE5B6%26lib=searchJour%A00%26newlogoid=null%26gjurl=%E4%B8%87%E6%96%B9%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglib.jsp%3Fdxid%3D100114060160%26aid%3D620%26type%3D3%26d%3D907DAAB43FC3E62D75E720E22CE92F48%3A%3B%E7%BB%B4%E6%99%AE%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglib.jsp%3Fdxid%3D100114060160%26aid%3D620%26type%3D4%26d%3DFB5FC81C997BCBE7C623A3CA6CA82066%3A%3BCNKI%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglibjx.jsp%3Fdxid%3D100114060160%26aid%3D620%26type%3D24%26d%3DF2EAD52B78EC76E285381237C7921F22%3A%3B
http://search.gxstd.com/bookDetail.html?dxNumber=100114060160%26d=F8E8A1420D90CCD059DF18DB7D7DE5B6%26lib=searchJour%A00%26newlogoid=null%26gjurl=%E4%B8%87%E6%96%B9%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglib.jsp%3Fdxid%3D100114060160%26aid%3D620%26type%3D3%26d%3D907DAAB43FC3E62D75E720E22CE92F48%3A%3B%E7%BB%B4%E6%99%AE%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglib.jsp%3Fdxid%3D100114060160%26aid%3D620%26type%3D4%26d%3DFB5FC81C997BCBE7C623A3CA6CA82066%3A%3BCNKI%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglibjx.jsp%3Fdxid%3D100114060160%26aid%3D620%26type%3D24%26d%3DF2EAD52B78EC76E285381237C7921F22%3A%3B
http://search.gxstd.com/bookDetail.html?dxNumber=100114060160%26d=F8E8A1420D90CCD059DF18DB7D7DE5B6%26lib=searchJour%A00%26newlogoid=null%26gjurl=%E4%B8%87%E6%96%B9%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglib.jsp%3Fdxid%3D100114060160%26aid%3D620%26type%3D3%26d%3D907DAAB43FC3E62D75E720E22CE92F48%3A%3B%E7%BB%B4%E6%99%AE%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglib.jsp%3Fdxid%3D100114060160%26aid%3D620%26type%3D4%26d%3DFB5FC81C997BCBE7C623A3CA6CA82066%3A%3BCNKI%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglibjx.jsp%3Fdxid%3D100114060160%26aid%3D620%26type%3D24%26d%3DF2EAD52B78EC76E285381237C7921F22%3A%3B
http://search.gxstd.com/bookDetail.html?dxNumber=100114060160%26d=F8E8A1420D90CCD059DF18DB7D7DE5B6%26lib=searchJour%A00%26newlogoid=null%26gjurl=%E4%B8%87%E6%96%B9%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglib.jsp%3Fdxid%3D100114060160%26aid%3D620%26type%3D3%26d%3D907DAAB43FC3E62D75E720E22CE92F48%3A%3B%E7%BB%B4%E6%99%AE%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglib.jsp%3Fdxid%3D100114060160%26aid%3D620%26type%3D4%26d%3DFB5FC81C997BCBE7C623A3CA6CA82066%3A%3BCNKI%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglibjx.jsp%3Fdxid%3D100114060160%26aid%3D620%26type%3D24%26d%3DF2EAD52B78EC76E285381237C7921F22%3A%3B
http://search.gxstd.com/bookDetail.html?dxNumber=100114060160%26d=F8E8A1420D90CCD059DF18DB7D7DE5B6%26lib=searchJour%A00%26newlogoid=null%26gjurl=%E4%B8%87%E6%96%B9%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglib.jsp%3Fdxid%3D100114060160%26aid%3D620%26type%3D3%26d%3D907DAAB43FC3E62D75E720E22CE92F48%3A%3B%E7%BB%B4%E6%99%AE%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglib.jsp%3Fdxid%3D100114060160%26aid%3D620%26type%3D4%26d%3DFB5FC81C997BCBE7C623A3CA6CA82066%3A%3BCNKI%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglibjx.jsp%3Fdxid%3D100114060160%26aid%3D620%26type%3D24%26d%3DF2EAD52B78EC76E285381237C7921F22%3A%3B
http://search.gxstd.com/bookDetail.html?dxNumber=100114060160%26d=F8E8A1420D90CCD059DF18DB7D7DE5B6%26lib=searchJour%A00%26newlogoid=null%26gjurl=%E4%B8%87%E6%96%B9%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglib.jsp%3Fdxid%3D100114060160%26aid%3D620%26type%3D3%26d%3D907DAAB43FC3E62D75E720E22CE92F48%3A%3B%E7%BB%B4%E6%99%AE%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglib.jsp%3Fdxid%3D100114060160%26aid%3D620%26type%3D4%26d%3DFB5FC81C997BCBE7C623A3CA6CA82066%3A%3BCNKI%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglibjx.jsp%3Fdxid%3D100114060160%26aid%3D620%26type%3D24%26d%3DF2EAD52B78EC76E285381237C7921F22%3A%3B
http://search.gxstd.com/bookDetail.html?dxNumber=100154914698%26d=B469BCAF724DC149F82BB32645B6A6AA%26lib=searchJour%A00%26newlogoid=null%26gjurl=%E4%B8%87%E6%96%B9%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglib.jsp%3Fdxid%3D100154914698%26aid%3D620%26type%3D3%26d%3D6B838EBBF84DDAB18B7D68FA9FA3CE95%3A%3BCNKI%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglibjx.jsp%3Fdxid%3D100154914698%26aid%3D620%26type%3D24%26d%3D43E18AF4932F0767DDF12ACE8D2F115A%3A%3B#
http://search.gxstd.com/bookDetail.html?dxNumber=100154914698%26d=B469BCAF724DC149F82BB32645B6A6AA%26lib=searchJour%A00%26newlogoid=null%26gjurl=%E4%B8%87%E6%96%B9%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglib.jsp%3Fdxid%3D100154914698%26aid%3D620%26type%3D3%26d%3D6B838EBBF84DDAB18B7D68FA9FA3CE95%3A%3BCNKI%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglibjx.jsp%3Fdxid%3D100154914698%26aid%3D620%26type%3D24%26d%3D43E18AF4932F0767DDF12ACE8D2F115A%3A%3B#
http://search.gxstd.com/bookDetail.html?dxNumber=100154914698%26d=B469BCAF724DC149F82BB32645B6A6AA%26lib=searchJour%A00%26newlogoid=null%26gjurl=%E4%B8%87%E6%96%B9%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglib.jsp%3Fdxid%3D100154914698%26aid%3D620%26type%3D3%26d%3D6B838EBBF84DDAB18B7D68FA9FA3CE95%3A%3BCNKI%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglibjx.jsp%3Fdxid%3D100154914698%26aid%3D620%26type%3D24%26d%3D43E18AF4932F0767DDF12ACE8D2F115A%3A%3B#
http://search.gxstd.com/bookDetail.html?dxNumber=100154914698%26d=B469BCAF724DC149F82BB32645B6A6AA%26lib=searchJour%A00%26newlogoid=null%26gjurl=%E4%B8%87%E6%96%B9%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglib.jsp%3Fdxid%3D100154914698%26aid%3D620%26type%3D3%26d%3D6B838EBBF84DDAB18B7D68FA9FA3CE95%3A%3BCNKI%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglibjx.jsp%3Fdxid%3D100154914698%26aid%3D620%26type%3D24%26d%3D43E18AF4932F0767DDF12ACE8D2F115A%3A%3B#


glib.jsp%3Fdxid%3D100154914698%26aid%3D620%26type
%3D3%26d%3D6B838EBBF84DDAB18B7D68FA9FA3CE95%
3A%3BCNKI%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fg
oreadmaglibjx.jsp%3Fdxid%3D100154914698%26aid%3D6
20%26type%3D24%26d%3D43E18AF4932F0767DDF12ACE8
D2F115A%3A%3B#

Zhao JP. 2007. Review on the systemic taxonomy of canker patho-
gens on trees－the genus Botryosphaeria and correlative fungi.

[Ph. D thesis]. Beijing: Chinese Academy of Forestry. (In
Chinese). Available from: http://search.gxstd.com/bookDetail.
html?dxNumber=390101112180&d=4710C8A2E46701718210
5D80B1146947&lib=searchThesis&newlogoid=null 0&gjurl=%
E4%B8%87%E6%96%B9%3A%3Ahttp%3A%2F%2Fjour.duxiu.
com%2FreadThesis.jsp%3Fdxid%3D390101112180%26aid%
3D620%26type%3D2%26d%3D5CECD931C79786E8D71B07B
2D3500866%3A%3B

164 H.-H. XIE ET AL.

http://search.gxstd.com/bookDetail.html?dxNumber=100154914698%26d=B469BCAF724DC149F82BB32645B6A6AA%26lib=searchJour%A00%26newlogoid=null%26gjurl=%E4%B8%87%E6%96%B9%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglib.jsp%3Fdxid%3D100154914698%26aid%3D620%26type%3D3%26d%3D6B838EBBF84DDAB18B7D68FA9FA3CE95%3A%3BCNKI%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglibjx.jsp%3Fdxid%3D100154914698%26aid%3D620%26type%3D24%26d%3D43E18AF4932F0767DDF12ACE8D2F115A%3A%3B#
http://search.gxstd.com/bookDetail.html?dxNumber=100154914698%26d=B469BCAF724DC149F82BB32645B6A6AA%26lib=searchJour%A00%26newlogoid=null%26gjurl=%E4%B8%87%E6%96%B9%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglib.jsp%3Fdxid%3D100154914698%26aid%3D620%26type%3D3%26d%3D6B838EBBF84DDAB18B7D68FA9FA3CE95%3A%3BCNKI%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglibjx.jsp%3Fdxid%3D100154914698%26aid%3D620%26type%3D24%26d%3D43E18AF4932F0767DDF12ACE8D2F115A%3A%3B#
http://search.gxstd.com/bookDetail.html?dxNumber=100154914698%26d=B469BCAF724DC149F82BB32645B6A6AA%26lib=searchJour%A00%26newlogoid=null%26gjurl=%E4%B8%87%E6%96%B9%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglib.jsp%3Fdxid%3D100154914698%26aid%3D620%26type%3D3%26d%3D6B838EBBF84DDAB18B7D68FA9FA3CE95%3A%3BCNKI%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglibjx.jsp%3Fdxid%3D100154914698%26aid%3D620%26type%3D24%26d%3D43E18AF4932F0767DDF12ACE8D2F115A%3A%3B#
http://search.gxstd.com/bookDetail.html?dxNumber=100154914698%26d=B469BCAF724DC149F82BB32645B6A6AA%26lib=searchJour%A00%26newlogoid=null%26gjurl=%E4%B8%87%E6%96%B9%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglib.jsp%3Fdxid%3D100154914698%26aid%3D620%26type%3D3%26d%3D6B838EBBF84DDAB18B7D68FA9FA3CE95%3A%3BCNKI%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglibjx.jsp%3Fdxid%3D100154914698%26aid%3D620%26type%3D24%26d%3D43E18AF4932F0767DDF12ACE8D2F115A%3A%3B#
http://search.gxstd.com/bookDetail.html?dxNumber=100154914698%26d=B469BCAF724DC149F82BB32645B6A6AA%26lib=searchJour%A00%26newlogoid=null%26gjurl=%E4%B8%87%E6%96%B9%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglib.jsp%3Fdxid%3D100154914698%26aid%3D620%26type%3D3%26d%3D6B838EBBF84DDAB18B7D68FA9FA3CE95%3A%3BCNKI%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglibjx.jsp%3Fdxid%3D100154914698%26aid%3D620%26type%3D24%26d%3D43E18AF4932F0767DDF12ACE8D2F115A%3A%3B#
http://search.gxstd.com/bookDetail.html?dxNumber=100154914698%26d=B469BCAF724DC149F82BB32645B6A6AA%26lib=searchJour%A00%26newlogoid=null%26gjurl=%E4%B8%87%E6%96%B9%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglib.jsp%3Fdxid%3D100154914698%26aid%3D620%26type%3D3%26d%3D6B838EBBF84DDAB18B7D68FA9FA3CE95%3A%3BCNKI%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2Fgoreadmaglibjx.jsp%3Fdxid%3D100154914698%26aid%3D620%26type%3D24%26d%3D43E18AF4932F0767DDF12ACE8D2F115A%3A%3B#
http://search.gxstd.com/bookDetail.html?dxNumber=390101112180%26d=4710C8A2E467017182105D80B1146947%26lib=searchThesis%26newlogoid=null%A00%26gjurl=%E4%B8%87%E6%96%B9%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2FreadThesis.jsp%3Fdxid%3D390101112180%26aid%3D620%26type%3D2%26d%3D5CECD931C79786E8D71B07B2D3500866%3A%3B
http://search.gxstd.com/bookDetail.html?dxNumber=390101112180%26d=4710C8A2E467017182105D80B1146947%26lib=searchThesis%26newlogoid=null%A00%26gjurl=%E4%B8%87%E6%96%B9%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2FreadThesis.jsp%3Fdxid%3D390101112180%26aid%3D620%26type%3D2%26d%3D5CECD931C79786E8D71B07B2D3500866%3A%3B
http://search.gxstd.com/bookDetail.html?dxNumber=390101112180%26d=4710C8A2E467017182105D80B1146947%26lib=searchThesis%26newlogoid=null%A00%26gjurl=%E4%B8%87%E6%96%B9%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2FreadThesis.jsp%3Fdxid%3D390101112180%26aid%3D620%26type%3D2%26d%3D5CECD931C79786E8D71B07B2D3500866%3A%3B
http://search.gxstd.com/bookDetail.html?dxNumber=390101112180%26d=4710C8A2E467017182105D80B1146947%26lib=searchThesis%26newlogoid=null%A00%26gjurl=%E4%B8%87%E6%96%B9%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2FreadThesis.jsp%3Fdxid%3D390101112180%26aid%3D620%26type%3D2%26d%3D5CECD931C79786E8D71B07B2D3500866%3A%3B
http://search.gxstd.com/bookDetail.html?dxNumber=390101112180%26d=4710C8A2E467017182105D80B1146947%26lib=searchThesis%26newlogoid=null%A00%26gjurl=%E4%B8%87%E6%96%B9%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2FreadThesis.jsp%3Fdxid%3D390101112180%26aid%3D620%26type%3D2%26d%3D5CECD931C79786E8D71B07B2D3500866%3A%3B
http://search.gxstd.com/bookDetail.html?dxNumber=390101112180%26d=4710C8A2E467017182105D80B1146947%26lib=searchThesis%26newlogoid=null%A00%26gjurl=%E4%B8%87%E6%96%B9%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2FreadThesis.jsp%3Fdxid%3D390101112180%26aid%3D620%26type%3D2%26d%3D5CECD931C79786E8D71B07B2D3500866%3A%3B
http://search.gxstd.com/bookDetail.html?dxNumber=390101112180%26d=4710C8A2E467017182105D80B1146947%26lib=searchThesis%26newlogoid=null%A00%26gjurl=%E4%B8%87%E6%96%B9%3A%3Ahttp%3A%2F%2Fjour.duxiu.com%2FreadThesis.jsp%3Fdxid%3D390101112180%26aid%3D620%26type%3D2%26d%3D5CECD931C79786E8D71B07B2D3500866%3A%3B

	Abstract
	Introduction
	Materials and methods
	Isolates and identification
	DNA extraction
	Primers selection
	RAPD PCR amplification
	ISSR PCR amplification
	PCR products measured

	Data analysis
	Results
	The primers selection and amplification
	Cluster analysing of RAPD and ISSR
	Genetic variation analysis

	Discussion
	Highlights
	Acknowledgements
	Disclosure statement
	Funding
	References



