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Genetic diversity of populations of Harmonia axyridis

(Coleoptera：Coccinellidae)from USA and

China revealed by ISSR·---PCR

LI Jia—Hui 1，GRENIER Simon2，SU Zhi—Huil’3’4，PANG Hon91’(1．State Key Laboratory of Biocontrol，

Sun Yat—sen University，Guangzhou 5 1 0275，China；2．UMR INRA／INSA de Lyon，Biologic Fonction-

nelle Insectes et Interactions．INRA Viileurbanne。France；3．JT Biohistory Research Hall，Takatsuki，

Osaka 569—1 1 25，Japan；4．Department of Biological Sciences，Graduate School of Science，Osaka U—

niversity，Osaka 560-0043，Japan)

Abstract：The muhicoloured 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 of96．19％．Genetic diversity estimated by Nei’S gene

diversity(He)，Shannon4S information index(I)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鼠似州d诂．

Key words：genetic diversity；Harmonia仍哆而出；inter simple sequence repeat；population analysis；Coc。
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异色瓢虫不同地理种群的ISSR种群多样性分析

李加慧1，GRENIER Simon2，苏智慧1’3⋯，庞 虹¨
(1．中山大学有害生物控制与资源利用国家重点实验室，广州510275；2．UMR INRA／INSA de Lyon，Biologic Fonctionnelle Insectes et

Interactions．France；3．yr Biohistory Research Hall，Takatsuki，Osaka569—1125，Japan；4．Department ofBiological Sciences，

一 Graduate School of Science。Osaka University，Osaka 560一0043，Japan)

摘要：异色瓢虫Harmonia axyridis(Pallas)在亚洲地区是一种重要的捕食性天敌昆虫，但是当引入到欧美后，对当地

的物种产生了威胁。本文用ISSR技术对两个中国本地种群和一个引入美国的种群进行了种群多样性以及种群分化

的分析。8条ISSR引物共扩增出105条带，其中多态性条带比率为96．19％。Nei’s多样性指数、Shannon信息指数、多

态性条带比率，在中国种群与美国种群中均非常接近，种群分化不明显(G。=0．042)。AMOVA分析显示种群多样性

主要来源于种群内部，种群间的基因流非常强(，v。=5．537)。基于Nei’s多样性构建的聚类结果显示ISSR是一种快
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速有效的研究异色瓢虫种群多样性关系的技术。
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The multicoloured Asian ladybeetle，Harmonia

its native Asian region．In the last century it was intro—

duced into Europe(Garcia，1986)and America

(Gordon，1 985)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 a1． 2003；

Majerus et a1．，2006)．Thus，且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日．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 reposed in the populations according to the study

of morphology(Korshefshy，1 932)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·

lal level：Does genetic variation exist among

phism developed by Zietkiewicz(1994)and is widely

applied to analyze genetic variations at the intra speciG

ic level(Wolfe et a1．，1998b；Zietkiewicz et a1．，

1 994)．Indeed，ISSR—PCR has already been used for

assessing hybridization in natural populations(Wolfe et

a1．，1998a；Wolfe et a1．，1998b)，for analysis of ge—

netic relationships between or within species(Chatter—

jee et a1．，2004；Vijayan以a1．，2006；Wang and

Shen，2007)，and for investigating genetic diversity

and genetic structure(Angelone et a1． 2007；Zhang

et a1．，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麒axyrid蠡u—

sing ISSR——PCR．

popula一 1 Materials and methods

tions of H．axyr谢／,?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，ale 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 polymorphism．Therefore，the

ISSR—·PCR method detecting the ISSR—-polymor-

l-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凰axyr／d／s

No．of individuals Collection site Collection(1ate

Population C 22 Huntm Province，China Jun of 2004

P0【IuIation E 35 Shandong Province，China Oct of 2005

Population F 24 Califomia，USA Sep of 2(炳

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 protoc01．

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一200C an-

til it was used for downstream applications．

1．3 ISSR—PCR and electrophoresis

Eighty—-two ISSR primers were synthesized by

Shanghaj Sangon Biological Engineering Technology&

Services Co．，Ltd．according to the sequences released

by University of British Columbia(http：／／www．

michaelsmith．ubc．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 pattern，were selected for the final analysis·

The sequence
of the primers and their annealing ten—

perature(T。)are listed in Table 2．The reaction mix—

ture(10 uL)contained 0．5 U Taq DNA polymerase，

1．5 mM MgCl2，2．5×10～mM dNTP and 30 ng tem·

Dlate DNA．PCRs were carried out on PTC 1 50 Ther-

mocycler(MJ Research)．The cycling conditions

were：initial denaturing at 94。C for 5 min；40 cycles

each consisting of denaturing at 94℃for 1 min．an—

nealing at their own T。for 50 s，extension at 72℃for

1 min；a single extension at 72。C for 10 rain followed

by 4。C storage．

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

Serial No．of primers Primer se(Iuen(．es(5’_+3’)Tm(oC)
———————————————二———————————————————————————————————————————————————————————————————————————————一

UBC809 AGA GAG AGA GAG AGA GG 48．7

UBC820 GTG TGT GTG TGT GTG TC 49．5

UBC834 AGA GAG AGA GAG AGA GYT 50．O

UBC835 AGA GAG AGA GAG AGA GYC 48．7

UBC840 GAG AGA GAG AGA GAG AYT 49．5

UBC846 CACACA CAC ACA CAC ART 48．7

UBC855 ACA CAC ACA CAC ACA CYT 50．5

UBl：857 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 4．0b l 0(Swofford，2002)to research

the relationship of all the individuals at the species lev—

e1．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

[1 973]gene diversity(He)，Shannon’s information

index(，)，total gene diversity(E)，gene diversity

within populations(只)，gene diversity between popu—

lations(D“)，gene flow(Nm)．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

(U PGMA)using SAHN cluster analysis of NTSYS—
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pc 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-

eating that the genome of／-／．axyridis was rich in such

2一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日．axyr／d／s

“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 8 1 individuals

of／4．似)，而d蠡Was constructed based on mean distance

using Neighbour—-

beta 10(Fig．2)．

als are separated

Joining method on PAUP Version 4

The tree showed that the 8 1 individu．

into three main groups which are

roughly consistent衍th the three尼n彬而挑popula—

tions．The USA population formed a well—clustered

group with only one exception(￡22)．The other two

groups were respectively constructed by population C

and population E with a few exceptions including e01，

e02，e03，e32 and e38．Overall，the individuals of

each population were essentially clustered well．This re-

suh 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 mR

To know the genetic relationships of the three

populations，we furthermore constructed the UPGMA

dendrogram of the three populations based on Nei’S ge·

netie distance using SAHN cluster analysis of NTSYS

—pc 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，

／-／．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—

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．

f17 f16

Fig．2 Unrooted NJ phylogenetic tree of8 1 individuals of／／．8鬈y删缸based on mean distance．The individual name indicates its popu·

lation(e，Shandong，China；c，Hunan，China；f，California，USA)and number

Population C

Population E

Population F

0．01 0．02 0．03 0．04

Fig．3 UPGMA dendrogram based on Nei’s genetic distances among the populations of且a∞yr／aU

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．似—如．On
the other hand，the gene diversity and Shannon's infor-
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marion 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 p001．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 a1．。

1995；Krafsur et a1．，1996；Krafsur et a1．，1997)．It

could be a potential good factor for its quick adaptation

to a new habitat．as seen in the fact that日．axyridis

succeeded in adapting to America conditions in a short

period．This finding is also consistent with the wide

distribution range of／t．axyridis．

Table 4 Diversity analysis of the three populations of鼠axyridis(Mean±SD)

A species often consists of some geographical

structured populations and in some ease 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／4．axyridis，Nei’s analysis of gene

diversity was done in this study．As shown in Table 5，

the total gene diversity(皿)was estimated to be

0．2939 4-0．0175，which is a little higher than that

(0．28 1 2 4-0．0150)within populations，then the gene

diversity between populations(Dn)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

8 1 individuals in 3 populations of／／．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

Parametem Mcan±SD

Total gene diversity(HI)

Gene diversity within population(只)

Gene diversity between populations(D“礼)

Coefficient of gene differentiation(ef”)

Gene flow(N。+8)

0．2939±0．0175

O．2812±0．0150

O．0127±0．0025

0．0432

5．537

～DⅡ=Ht—H。；”Gu=D“／H。；“Nm=(1／G“一1)／4

Based on the coefficient of gene differentiation

(G。)by Nei’s analysis，we obtained a very high N。

value of5．537(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—

duh beetles of且似州d括migrating in late autumn

and forming aggregation for hibernation have been de—

scribed in several parts of the world(Koch，2003；

Obata，1 986)．Second，humans may be playing an

important role in the process of exchange of genetic in-

formation．H n彤肺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且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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相似文献(4条)

1.学位论文 吴庆禹 异色瓢虫不同色斑类型遗传多样性研究 2007
    异色瓢虫Harmonia axyridis(Pallas)是一种重要的捕食性天敌昆虫，也是一个典型的多型性物种，它是蚜虫、松干蚧、粉蚧等害虫的主要天敌。现

在正被人们广泛释放用来对蚜虫和蚧虫进行生物防治。

    本文主要从形态学水平、生态水平、分子水平对异色瓢虫不同色斑类型的遗传多样性进行了研究，揭示出异色瓢虫不同色斑类型间在遗传多样性方

面的差异，为深入了解异色瓢虫的生存状况、分类地位、进化历史和亲缘关系，预测其未来的发展趋势，更有效地进行生物综合防治奠定了基础。

    (1)对2178只异色瓢虫的斑型进行统计的结果，共发现126种色斑类型，其中有15种色斑型在以前的报道中没有记录。多样性分析的结果，Monk指数

、Simpson多样性指数以及 Shannon-Wiener指数分别为0.0579，0.901和1.56。

    (2)对黄底型异色瓢虫的斑点的概率进行了统计，其中，斑点 3 的概率最高，而斑点9和斑点1/2的概率则较小。不同的色斑型异色瓢虫间，雌雄比

例差别很大；尤其是在黄底型类群中，随着斑点数的增多，类型中雄性比例减小。对异色瓢虫主要的类群之间的体长、体宽进行了比较研究，结果显示

在体长和体宽方面差异显著，在长宽比方面差异极显著；说明不同色斑类型间，在虫体的大小和形状上存在一定的差异。

    (3)通过扫描电镜的观察，描述了异色瓢虫不同色斑类型触角形态结构，以及触角上感器的种类和数量；在不同色斑型间进行了对比，结果显示异色

瓢虫不同色斑类型之间存在一些差异。

    (4)异色瓢虫不同色斑类型越冬成虫的生态分布与其活动的林型、栖息植物、发生时间、气候变化等有直接关系。在同一时间同一地域数量和分布寄

主上存在一些差异。

    (5)异色瓢虫不同色斑类型越冬成虫的空间分布型为聚集分布，并符合负二项分布。

    (6)本试验用改良CTAB法、饱和NaCl法以及CTAB法与SDS法相结合3种方法，进行综合设计，探索出一套操作简便、快速、准确的高质量异色瓢虫

DNA提取和纯化技术。

    (7)从40条RAPD随机引物中筛选出12条具有多态性的引物，对9种异色瓢虫不同色斑类型进行RAPD分析，共检测到多态位点169个，位点范围在

100bp～2000bp之间，多态位点百分率在34.32％～65.68％之间；从40个引物中筛选出13条条带清晰且多态性丰富的ISSR引物，对13种异色瓢虫不同色斑

类型进行ISSR分析，共扩增出127条ISSR标记带，其中多态性条带120条，多态性百分率94.49％。

    (8)RAPD和ISSR分析的一致性和可信度：由RAPD和ISSR分析算得的两组相似系数之间相关性系数r=0.928(n=127)，达到极显著水平。表明应用这两种

技术对异色瓢虫遗传多样性与亲缘关系的分析具有较高的一致性和可信度。但是这两种方法的聚类结果在个别色斑型分类上仍存在一定的差异。(9)依据

RAPD 分析结果，对供试的9种异色瓢虫不同色斑类型进行聚类分析，结果表明：它们之间的遗传相似系数在0.46～0.58之间；依据ISSR分析结果，对供

试的13种异色瓢虫不同色斑类型进行聚类分析，它们之间的遗传相似系数在0.36～0.60之间。

    综上所述，通过从形态学水平、生态水平、分子水平对异色瓢虫不同色斑类型的遗传多样性进行比较，异色瓢虫不同色斑类型间在遗传多样性方面

存在一定的差异，为人类更好地保护、开发和利用天敌昆虫资源提供了科学依据。

2.期刊论文 关桦楠.迟德富.宇佳.李晓灿.Guan Huanan.Chi Defu.Yu Jia.Li Xiaocan 帽儿山地区异色瓢虫遗传多
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样性的ISSR分析 -东北林业大学学报2007,35(9)

    利用ISSR技术对东北帽儿山地区13种不同色斑型异色瓢虫进行基因组多态性分析,从40条引物中筛选出13条用于异色瓢虫的ISSR扩增.共扩增出127条

带,其中多态性条带120条,多态性百分率为94.49%.根据ISSR扩增结果,利用NTSYSpc2.10e软件进行Jaccard相似系数分析,13种不同色斑型异色瓢虫的遗传

相似系数为0.36～0.60,平均相似系数为0.51.通过UPGMA聚类分析,在遗传相似系数0.50处,13份瓢虫材料可分为2大类群.主成分分析结果表明,显明变种

、四斑变型和二窗无脊3种斑型瓢虫是异色瓢虫遗传变异的主线.ISSR分析表明,异色瓢虫的遗传多样性较为丰富.笔者还根据聚类结果对瓢虫鞘翅底色变

异的可能因素进行了分析.

3.期刊论文 程琳.迟德富.张晟铭.杨爱红.Cheng Lin.Chi Defu.Zhang Shengming.Yang Aihong 帽儿山地区不同色

斑型异色瓢虫的SRAP分析 -东北林业大学学报2009,37(5)
    利用SRAP技术,从72对引物中筛选出10对引物对帽儿山地区的10种不同色斑型(2种斑型组)异色瓢虫进行扩增,对扩增结果进行基因组多态性分析,结

果显示,10对引物共扩增出条带175条,其中多态性条带为133条,多态位点比率为76.04%.利用POPGENE 32软件进行不同斑型组遗传多样性指数的分析,通过

非加权配对算术平均法(UPGMA)进行聚类分析,结果表明,帽儿山地区异色瓢虫的遗传多样性较为丰富,部分异色瓢虫的亲缘关系与其底色之间或者色斑形

状之间存在一定的关联性,与形态分类结果一致.

4.学位论文 辛海泉 吉林省部分地区异色瓢虫鞘翅色斑多态的群体遗传学分析 2009
    异色瓢虫（Harmonia axyridis Pallas）原主要分布于亚洲大陆，而目前在世界大多数地方都能看见它们的踪迹，异色瓢虫是一个典型的多型性物

种，以往对其研究主要集中在蚜虫的生物防治上。自从谈家桢揭示了异色瓢虫鞘翅色斑嵌镶显性（mosaic dominance）规律以来，鞘翅色斑遗传多样性

问题，久为分类学家、遗传学家及生态学者所注目，其间他们进行了大量的研究工作。有些结果显示了异色瓢虫色斑变异有着时间和地理方面的规律。

可能说明不同斑型的异色瓢虫对自然环境的变化的适应性有所不同。

    本文是对长春市2007年、2008年在长春市区，双阳区、敦化市等地采集的异色瓢虫数据进行的分析，我们将采集的瓢虫分为四种类型：黄底型

（succinea）、二窗型（conspicua）、四窗型（spectabilis）、花斑型（axyridis）。研究和以往各地采集数据进行比较，我们将春天采集没有能够

越冬的死亡瓢虫同下个冬天前越冬的活体瓢虫数据进行分析，找出色斑频率的时间变化和地理变化趋势，同时应用回归分析对温度因素与异色瓢虫色斑

变异影响的相关性进行了研究。

    结果显示长春市区2008年与1989年相比，二窗型瓢虫表型及基因频率增长，黄底型瓢虫表型及基因频率有所下降。异色瓢虫色斑频率变化越冬前后

没有变化，各色斑型异色瓢虫越冬能力相差不明显。小范围内，异色瓢虫越冬集群间色斑表型频率和基因频率差异不显著，各色斑瓢虫集群时没有倾向

性。异色瓢虫色斑表型频率和基因频率年代变异与年平均温度变化相关性显著。纬度低的地区瓢虫色斑表型频率和基因频率变异波动大于纬度高的地区

。
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