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Genetic diversity of populations of Harmonia axyridis
( Coleoptera: Coccinellidae) from USA and
China revealed by ISSR - PCR
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Abstract; The multicoloured Asian ladybeetle, Harmonia axyridis (Pallas), is a well-known aphid
predator in its native Asian range and appears a threat to native species after imported into America and
Europe. In this paper eight different ISSR primers have been used for analyzing population differentiation
and genetic variations among one introduced population in America and two native Chinese populations.
The resulting 105 loci showed a total polymorphism of 96. 19% . Genetic diversity estimated by Nei’s gene
diversity (He) , Shannon’s information index (/) and the percentage of polymorphism loci are similar in
native and introduced populations. There is no obvious differentiation estimated by Nei’s index (G, =
0.0432) among populations. Most of the genetic variation is observed within populations ( AMOVA:
91.22% and mean polymorphism of 94% ) and very high rates of gene flow were detected (N, =5. 537)
among populations. Phylogenetic dendrogram constructed based on Nei’s genetic diversities suggested that
ISSR is a quick and effective technique to study the relationship of geographic populations of H. axyridis.
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The multicoloured Asian ladybeetle, Harmonia
axyridis (Pallas) , is a well — known aphid predator in
its native Asian region. In the last century it was intro-
duced into Europe ( Garcia, 1986 ) and America
(Gordon, 1985) for biological control and has been
colonized since the 1990s in North America ( Gordon
and Vandenberg, 1991; Koch, 2003). Now it ap-
pears to be a threat to native ladybird beetle species in
some areas ( Michaud, 2002; Adriaens et al. , 2003;
Majerus et al. , 2006). Thus, H. axyridis gained at-
tention both as a biological control agent and as an in-
vasive species. It also has attracted attention from ge-
neticists because of the extraordinary variation in its
wing colour patterns.

Numerous studies on the diversity of H. axyridis
have been carried out on morphological characteristics
based on its color and spotting patterns especially in A-
sia. One hundred and five types of variations have
been reported in the populations according to the study
of morphology (Korshefshy, 1932) and five polymor-
phic types were recognized according to the study of
genetics on the color pattern of the beetle forewings
(Geng and Tan, 1980). How about it on the molecu-
lar level; Does genetic variation exist among popula-
tions of H. axyridis? Does genetic differentiation occur
between populations, and in particular, between native
and introduced populations? In this study, we attempt
to use the Inter Simple Sequence Repeat ( ISSR)
markers as a tool to investigate these problems.

It is known that ISSR, consisting of tandemly ar-
ranged repeats of several nucleotides, are distributed
throughout the genome of organisms and are flanked by
highly conserved sequences ( Chambers and MacAvoy,
2000). ISSR evolves rapidly and consequently gener-
ates a large number of polymerphism. Therefore, the

ISSR - PCR method detecting the ISSR - polymor-

phism developed by Zietkiewicz (1994) and is widely
applied to analyze genetic variations at the intra specif-
ic level ( Wolfe et al. , 1998b; Zietkiewicz et al. ,
1994). Indeed, ISSR - PCR has already been used for
assessing hybridization in natural populations ( Wolfe e
al. , 1998a; Wolfe et al. , 1998b) , for analysis of ge-
netic relationships between or within species ( Chatter-
jee et al. , 2004; Vijayan et al. , 2006; Wang and
Shen, 2007 ), and for investigating genetic diversity
and genetic structure ( Angelone et al. , 2007 ; Zhang
et al. , 2006). ISSR - PCR is a relatively new tech-
nique and is considered to provide highly reproducible
results compared to other similar methods such as ran-
dom amplified polymorphic DNA (RAPD) (Takatsu-
ka, 2007 ), because it produces a large number of
PCR fragments with abundant ISSR - polymorphism.
In addition, the method is comparatively inexpensive,
rapid, and technically simpler than many other molec-
ular marker systems for investigation of genetic insta-
bilities. In this paper, we estimate the genetic diversi-
ty and gene flow in three populations of H. axyridis u-
sing ISSR — PCR.

1 Materials and methods

1.1 Insect materials

Three populations of H. axyridis were sampled,
including two native populations from the Chinese ma-
inland and one introduced population from the USA.
Each population sample consisted of more than 20 indi-
viduals. Detailed collection information is shown in Ta-
ble 1. H. axyridis showed a great diversity in color and
pattern in our collected samples. Both red and black
morphs were collected respectively in the 3 popula-

tions.
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Table 1 Collection information of the three populations of H. axyridis

No. of individuals

Collection site Collection date

Population C 22
Population E 35
Population F 24

Hunan Province, China Jun of 2004
Shandong Province, China Oct of 2005
California, USA Sep of 2005

1.2 DNA extraction

Total genomic DNA was isolated from each adult
individual with universal genomic DNA extraction Kit
(TaKaRa) according to the manufacturer’s protocol.
An absorbance ratio of 260 nm to 280 nm was compu-
ted and the quality of the genomic DNA was con-
firmed. Final DNA samples were stored at —20°C un-
til it was used for downstream applications.
1.3 ISSR - PCR and electrophoresis

Eighty - two ISSR primers were synthesized by
Shanghai Sangon Biological Engineering Technology &
Services Co. , Ltd. according to the sequences released
by University of British Columbia ( http://www.
michaelsmith, ube. ca/services/ NAPS/Primer_Sets/ ). A
series of preliminary experiments was performed to de-

termine PCR reaction conditions, including tempera-

ture for each step of reaction cycle, number of cycles,
and quantity of primer and template DNA. Eighty -
two primers were initially screened in the preliminary
experiments and only eight primers, which gave clear
banding patiern, were selected for the final analysis.
The sequence of the primers and their annealing tem-
perature (T, ) are listed in Table 2. The reaction mix-
ture (10 uL) contained 0.5 U Taq DNA polymerase,
1.5 mM MgCl,, 2.5 x10 > mM dNTP and 30 ng tem-
plate DNA. PCRs were carried out on PTC150 Ther-
mocycler ( M] Research) . The cycling conditions
were; initial denaturing at 94°C for 5 min; 40 cycles
each consisting of denaturing at 94°C for I min, an-
nealing at their own T, for 50 s, extension at 72°C for
1 min; a single extension at 72°C for 10 min followed

by 4C storage.

Table 2 The sequences and their annealing temperature of each selected primer

Serial No. of primers Primer sequences (5'— 3°) T,.(C)
UBRCR09 AGA GAG AGA GAG AGA GG 48.7
UBC820 GTG TGT GTG TCT GTG TC 49.5
UBC834 AGA GAG AGA GAG AGA GYT 50.0
UBC835 AGA GAG AGA GAG AGA GYC 48.7
UBC840 GAG AGA GAG AGA GAG AYT 49.5
UBC846 CAC ACA CAC ACA CAC ART 48.7
UBC855 ACA CAC ACA CAC ACA CYT 50.5
UBC857 ACA CAC ACA CAC ACA CYG 49.5

The PCR amplification products were separated on
1.6% agarose gels, stained with ethidium bromide,
visualized under UV light and photographed.

1.4 Data analysis

Compared with 100 bp ladder marker ( MBI Fer-
mentas, USA) , reproducible bands of ISSR were man-
ually scored as present (1) and absent (0), and ma-
trices generated by each primer were assembled. From
the binary matrix, an unrooted Neighbour — Joining
tree based on mean distance was constructed using
PAUP version 4. 0b10 ( Swofford, 2002) to research

the relationship of all the individuals at the species lev-

el. Analysis of genetic variation among and within pop-
ulations was performed with POPGEN, including per-
centage of polymorphic loci, observed number of al-
leles (Na), effective number of alleles ( Ne), Nei’s
[1973] gene diversity ( He), Shannon’s information
index (I), total gene diversity (H,), gene diversity
within populations (H,), gene diversity between popu-
lations (D, ), gene flow (N, ). Similarity based Nei’s
distance between populations were presented in the
form of the dendrogram, developed following unweight-
ed pair group method with arithmetic mean algorithm
(UPGMA) using SAHN cluster analysis of NTSYS -
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pe version 2. 0 (Rohlf, 1998). Analysis of population
structure was performed by AMOVA 1. 55.

2 Results and discussion

2.1 ISSR profile

In the present study, eighty — two primers were
initially tested. Among them only eight primers pro-
duced clear, polymorphic and reproducible fragments.
A representative agarose gel was shown by Fig. 1. All

of 8 primers were bi — nucleotide ISSR primers, indi-
cating that the genome of H. axyridis was rich in such
2 — bases repeat microsatellite. From the electrophore-
sis results of the PCR products amplified by the eight
primers, a total of 105 loci were found from the 3 pop-
ulations and 101 (96.19% ) of them were polymor-
phic. Within the populations, the number of polymor-
phic loci were found to be 97 (92.38%), 101
(96.19% ) and (82. 86% ) for populations C, E, and
F, respectively ( Table 3).

Table 3 Polymorphism loci of the three populations of H. axyridis

Population No. of polymorphic loci Polymorphic loci**(% )
Pop C 97 92.38
Pop E 101 96. 19
Pop F 87 82.86
Total 101 96. 19

** ISSR - PCR produced a total of 105 loci from the 3 populations.

2.2 Population classification and cluster analysis

An unrooted phylogenetic tree of the 81 individuals
of H. axyridis was constructed based on mean distance
using Neighbour — Joining method on PAUP Version 4
beta 10 (Fig. 2). The tree showed that the 81 individu-
als are separated into three main groups which are
roughly consistent with the three H. axyridis popula-
tions. The USA population formed a well - clustered

group with only one exception (f22). The other two
groups were respectively constructed by population C
and population E with a few exceptions including €01,
e02, €03, €32 and e38. Overall, the individuals of
each population were essentially clustered well. This re-
sult suggests that each population formed its own dis-
tinct lineage, in other words, genetic differentiation has

probably occurred between these three populations.

Fig.1 A representative agarose gel where PCR products amplified by primer 857 were run

To know the genetic relationships of the three
populations, we furthermore constructed the UPGMA
dendrogram of the three populations based on Nei’s ge-
netic distance using SAHN cluster analysis of NTSYS
- pec version 2. 0. The result showed that the two Chi-

nese populations are closely related, and the USA pop-
ulation is their outgroup ( Fig. 3) , namely the two Chi-
nese populations have smaller differentiation compared
with the US population. As mentioned in introduction,

H. axyridis was introduced into America in the last
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century. Despite it having been colonized in the US
only for several decades, slightly larger genetic differ-

entiation was observed between the US population and

Chinese populations than between the two Chinese pop-
ulations, probably because of the complete geograph-
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ical isolation. This result, alternatively, indicates that
gene flow may have occurred between the two Chinese

populations, which leads to their low genetic differenti-

ation,
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Fig.2 Unrooted NJ phylogenetic tree of 81 individuals of H. axyridis based on mean distance. The individual name indicates its popu-
lation (e, Shandong, China; ¢, Hunan, China; f, California, USA) and number

—— Population C
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Population F
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Fig.3 UPGMA dendrogram based on Nei’s genetic distances among the populations of H. axyridis

2.3 Population genetic diversity and differentia-
tion

Analysis results of genetic diversity among and
within populations are shown in Tables 4 and 5. Nei’s
gene diversity (or heterozygosity;: He), Shannon’s in-

formation index () and the percentage of polymorphic

loci of US population all were the lowest among the
three populations ( Tables 3 and 4). This is a reasona-
ble result which is most probably attributable to the
bottleneck effect caused by the artificial migration of a
small part of the native population of H. axyridis. On
the other hand, the gene diversity and Shannon’s infor-
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mation index within the US population was estimated to
be 0.2596 and 0. 3968, respectively, which are not
largely different from those of the other two native pop-
ulations (Table 4). There could be two interpretations
for this result; 1) the origin of US population shared
the majority of the genetic diversity in the native popu-
lation; 2) US population has quickly increased its ge-
netic diversity accompanied by a rapid expansion of its
distribution range in the new habitat. It is generally
considered that successful adaptation to the particular
habitats where natural enemies exist requires a broad

genetic background, namely high genetic diversity in

the species gene pool. Indeed, the present study re-
vealed a relatively high level (0.2812 = 0.0150) of
the genetic diversity within populations of H. axyridis
(Table 5), compared with the estimates in other Coc-
cinellids which is 0. 1910 £ 0. 0340 ( Krafsur et al. ,
1995 ; Krafsur et al. , 1996 ; Krafsur et al. , 1997). It
could be a potential good factor for its quick adaptation
to a new habitat, as seen in the fact that H. axyridis
succeeded in adapting to America conditions in a short
period. This finding is also consistent with the wide

distribution range of H. axyridis.

Table 4 Diversity analysis of the three populations of H. axyridis (Mean +SD)

Population Na Ne He I
PopC 1.9328 £0. 1456 1.4808 £0.2993 0.2961 +0. 1456 0.4543 £0.1925
PopE 1.9619 £0. 1923 1.4201 +0.2633 0.2714 +0. 1350 0.4268 £0. 1785
PopF 1.8286 +0.3787 1.4268 +0.3332 0.2596 0. 1739 0.3968 £0.2411
Total 1.9619 £0.1923 1.4615 +0.2672 0.2924 +0. 1310 0.4544 +0. 1688

A species often consists of some geographical
structured populations and in some case genetic (or
geographical ) differentiation is seen among them. The
occurrence of genetic differentiation between popula-
tions is considered to be caused by the equilibrium be-
tween genetic drift and gene flow, and natural selection
by different environmental factors. To know how much
the genetic differentiation has taken place between the
three populations of H. axyridis, Nei’s analysis of gene
diversity was done in this study. As shown in Table 5,
the total gene diversity ( H,) was estimated to be
0.2939 +0.0175, which is a little higher than that
(0.2812 +£0.0150) within populations, then the gene
diversity between populations (D,) and coefficient of
gene differentiation were calculated to be 0.0127 +
0.0025 and 0. 0432, respectively ( Table 5). These
results suggest that some genetic differentiation oc-
curred between the populations as suggested by phylo-
genetic analysis above, because D,, value was not zero.
However, the differentiation degree is extremely low.

The analysis of molecular variance (AMOVA) for
81 individuals in 3 populations of H. axyridis showed
91.22% genetic variation ( P <0.002) within popula-
tions, and 8. 78% variation ( P <0.002) among popu-

lations. This result is consistent with that of the Nei’s

analysis, indicating that most of the genetic variations

_ of H. axyridis existed within populations.

Table 5 Nei’s analysis of gene diversity among
populations of H. axyridis

Parameters Mean £ SD

Total gene diversity (H,) 0.2939 £0.0175

Gene diversity within population (H,)

0.2812 +0.0150
Gene diversity between populations (D, **) 0.0127 £0.0025
Coefficient of gene differentiation (G, **) 0.0432

5.537

Gene flow (N, +dy
*»p,=H,-H,;"°G,= D,/H,; "¢ N, =(1/G,-1)/4

Based on the coefficient of gene differentiation
(G,) by Nei’s analysis, we obtained a very high N
value of 5. 537 (Table 5), for the case in this study
Nm indicates the effective gene flow per generation,
namely result showed that there exists very strong gene
flow among the populations of H. axyridis. Such strong
gene flow could effectively restrict the genetic differen-
tiation of H. axyridis populations. The introduced US
population is geographically isolated from the native
Chinese populations, between which natural gene flow

can not take place. Thus the gene flow observed in this
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analysis should be occur almost between Chinese popu-
lations. Gene flow is generally thought to result from
some migration, or movement of individuals among
populations. For H. axyridis, the high rate of gene
flow may be attributed to the following factors. First,
annual migration of H. axyridis may be involved. A-
dult beetles of H. axyridis migrating in late autumn
and forming aggregation for hibernation have been de-
scribed in several parts of the world ( Koch, 2003;
Obata, 1986). Second, humans may be playing an
important role in the process of exchange of genetic in-
formation. H. axyridis was treated as an important bio
~ control agent and many populations have been reared
in the laboratory and released to the farmlands world-
wide. This process may destroy their spatial genetic
structure, and generate a new genetic structure, lead-
ing to low genetic differentiation among the popula-
tions. Additional analyses of other populations inclu-
ding the introduced Europe population and other Asian
populations could uncover further the population genet-
ic structure of H. axyridis in the world.

From these genetic analyses on populations of H.
axyridis, we can conclude that: (1) A high level of
genetic diversity of H. axyridis is revealed. (2) Ge-
netic diversity mostly exists within populations and
high rate of gene flow were detected among popula-
tions, which result in the low genetic differentiation
between populations of H. axyridis. The high level of
intraspecific genetic diversity may be a potential factor
for the quick adaptation to a new habitat and rapid ex-
pansion of its distribution range. Finally, our results
also showed that ISSR is a simple, quick and inexpen-
sive method to study the population genetic structure

although it has some technical constraint.
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Appendix 1 Data matrix produced by ISSR - PCR

Individuals  Primer 809 Primer 820 Primer 8 Primer 834 Primer 835 Primer 840 Primer 855 Primer 857

01 0000000110111 001000100100 100101111111 01011111101000 0001010010000 101110 01101100010101010001 101000011001000
0000110110000 000001100110 000110101111 01001110001110 0111001001010 101011 01000101100001110011 101100111101001
0010000110011 000001100000 100101111111 01101111001110 0000001001001 101111 00100011010011100011 000001111110000
0000000100000 000001100100 000101110111 10001111011111 0011001110101 100011 00100010010001100001 101000100100100
clé 0010100101010 001001100010 001000001111  10000110100000 0101011010110 001011 01010010010011110001 001000100011001

$ &3

el7 0000100000100 000010000110 001010110111  01001111000011 0000011110000 01101t 00001010000101100011 011011101001110
cl8 0000000100110 010000000010 000000000011  11110110111110 00000001 10000 001011 01101011010001100111 1100011001 11000
cl9 0010001000010 110000000000 001000000010 00001011101101 0000000000100 010011 010100001100010001 11 001101000101110
20 0000010100111 000000001110 000000001111 10001010101110 0001111101001 111010 01000100100111100111 010010100111000
0111100001001 001000100010 000010000010  00000010100110 000100010001 001011 010001001000010001 11 000001110101100
1000000011011 000100001010 101000001010 10100111100110 0000101110001 001111 00001100100101100111 111010000001 100
1001100011011 100010001110 000100000010  10001011010110 0100011100010 101111 01011010100101100101 010010010101111
24 0100011010111 010001000110 001011000110 00001111101110 1000000010000 001011 00010101010101101001 100100110010010
c25 0100001010011 100010100010 001001011111 10101110011100 0010110101001 111010 00000101010001001011 111010101101010
c26 0100100010010 000001000100 00001111010 10001110011100 1000001000010 001010 00010000010001011011 010100101001111

& R &

27 0000100110111 001000101110 000010000110  00001110011100 0000001000000 101111 10001101011001100011 000011001101000
c28 0000011010011 000001100000 000100011110 10000110011100 0000011101000 101011 01001101000101100011 000011101011001
c29 0000000010011 000001101010 000100001110 10000111001010 0010011011000 011111 10000101010101100011 001011101101000
<30 0000010010011 000010100010 000000110010 10001110011110 0000100111000 001111 01111101000001 100001 1010001101 10100
31 0000010001111 000100100110 001000011011  10010110100100 0000010101000 11111 100011000000110001 11 11011011011000¢
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