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Abstrac t:The differentiation of th ree haplo types o fBem isia tabaci popula tions in Ch ina w as analyzed using RAPD-PCR in

this study. F ive B. tabaci populations w ere co llected in the no rth, m iddle and sou th of Ch ina, respective ly, inc lud ing three

B bio type popu la tions, the indig enous hap lo type populations(NaC haplo type) and a new haplotype popu la tion from o rnam en-

ta l p lants(Cv haplotype). In addition, the g reenhouse whitefly, Trialeurodes vaporariorum , w as used as a outg roup popula-

tion in this analysis. The results of the cluster ana ly sis u sing genetic distances indica ted that, first, the popu la tion rela tion-

sh ip between the NaC haplotype and the C
v
haplotype wasm ore c lo se than tha t between B bio type and N aC haplotype, o r that

be tween B bio type and the Cv haplo type; second, the popula tion re lationships o f the three haplo type o fB. tabaci in China

w as intraspec ific, and the Cv haplo type w as po ten tia lly originated in Ch ina or the ne ighboring countries.
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中国 3种不同生物型烟粉虱的种群 DNA多态性研究

邱宝利 , 任顺祥 ,温硕洋 , S. N. MANDOUR

(华南农业大学 资源环境学院 , 广东 广州 510642)

摘要:利用基因组 DNA的多态性研究了中国 3种不同生物型烟粉虱的种群分化. 烟粉虱种群分别采自北京 、扬州和

广州的不同寄主上 ,烟粉虱生物型包括 B型 、本地型 (NaC)和一种新的生物型 (CV 型). 对 3种生物型烟粉虱的

RAPD-PCR结果进行遗传距离聚类分析 ,结果显示烟粉虱中国本地型和 CV 型的种群关系比较近缘 ,二者与 B型种

群的亲缘关系较远. 3个烟粉虱生物型的种群分化属于种内分化 , 据此推测 CV 型烟粉虱可能起源于中国或其临近

地区.

关键词:烟粉虱;种群分化;生物型;单模;DNA多态性

　　Bem isia tabaci (Gennadius) has been a w orldw ide

serious pest of agriculture and ho rticu lture ove r the last

decade. It can se riously in jure p lants by sucking juices

causingw ilting, stun ting, irregular ripening of fru its. In

add ition , the excre tion of honeydew induces the g row th

of the sooty mold that can b lock sunlight from reach ing

the leaf surface thus reducing photosynthesis and fru it

ma rke tability
[ 1]
. Adults can also transm itmo re than 70

viruses from infected to healthy plan ts, most of wh ich

are impo rtant mainly in commercia l crops
[ 2-3]

. Up to

now , a t least 24 bio types o fB. tabaci have been repor-

ted, which differed in their biological, physio log ica l



and mo rpholog ical charac te ristics, and the re are still

many haplotypes ofB. tabaci that have no t been identi-

fied to b io types
[ 3-4]

. Apparen tly, among them , the B

biotype is the most de structive one
[ 5-6]

. B. tabaci was

first record in China in 1949
[ 7]
. The ou tb reak o f th is

pest in China in them idd le o f1990'sw as thought to due

to the invasion of a new biotype on o rnamenta l

plants
[ 8]
. This biotype w as iden tified by RAPD-PCR

and cy tochrome oxidase I gene sequences (CO I) to be

B biotype
[ 8-9]

. B. tabaci B bio type has been reported in

25 p rovinces in Ch ina and the loss due to th is pest on

vegetab les, fruits, and o rnamenta ls is increasing
[ 9-10]

.

In contrast to B bio type, theB. tabaci recorded earlie r

in C hina is though to be a native hap lo type “N aC” (n-

ative ofCh ina). In addition to the B and the native bio-

type, ano ther new hap lo type (Cv haplotype)was found

in Guangzhou onCodiaeum variegatum. This Cv haplo-

type differed bio log ica lly from the B bio type and N aC

hap lo type. A ll the stud ies focalized on B. tabaci were

the B bio type identifica tion till now
[ 8-9, 11]

. This pape r

is focusing on the descrip tion of the popu lation re lation-

sh ips among three haplotypes ofB. tabaci in Ch ina by

their genom ic DNA po lymo rphism.

1　Mater ials and m ethods

1. 1　Insect collection

Bem isia tabaci popula tions w ere collected from dif-

ferent host plan ts in China (Tab. 1), and they w e re i-

den tified according to the basic characte rs o f the fourth

instar, wh ich is usually ca lled “ pupa l cases”
[ 12-13]

w ith

a stereo m icro scope (Le icaMZ125). The haplotypes of

these popu lationsw e re then identified by a RAPD-PCR

me thod
[ 9]
. The specimens used in th is study w ere e i-

ther fresh o rφ=95% ethanol soaked samples. In addi-

tion, Trialeurodes vaporariorum (Tv ) was used as an

ou tg roup.

Tab. 1　The host p lan t, locat ion and collect ion date of the d ifferen t wh ite fly popu lat ion s

code species co llec tion lo ca tion ho st p lant co llection da te bio type /hap lo type

NaC B. tabaci Yangzhou, Jiang su Gossypium hirsutum Oc.t , 2002 native hap lo type

B1 B. tabaci Yangzhou, Jiang su Brassica oleracea l Oc.t , 2002 B b io type

B2 B. tabaci H aidian, Beijing Lycospersicum escu len tum Aug. , 2000 B b io type

B3 B. tabaci Guang zhou, Guangdong Brassica oleracea l Jun. , 2003 B b io type

Cv B. tabaci Guang zhou, Guangdong Codiaeum variegatum Aug. , 2002 Cv haplotype

Tv T. Vaporariorum Guang zhou, Guangdong Euphorbia pulcherrima Sep.t , 2001

1. 2　DNA extraction

DNA of the differen t white fly popu lations w as ex-

tracted from sing le specimen
[ 6]
. Samples w ere w ashed

brie fly in sterile distilled w ate r and d ipped in TE bu ffe r

for 4-6 h be fore homogen ization. Whitef ly indiv idua l

w as homogenized in a 200 μL m icro centrifuge tube u-

sing a 100 μL head-me lted pipe tte tip in 10 μL lysis

buffer including 1% SDS, 10 mmo l /L T ris-HC l, pH

8. 0, 25mmol /L NaC l, 25mmo l /L EDTA , 200μg /mL

pro teinase K (Merck kG aA Co. , Germany). A fte r

homogen ization, ano ther 20 μL lysis buffer w as added.

A fte r that, the homogenized so lution w as incubated a t

57 ℃ fo r 3 h, and then bo iled at 95℃ for 5m in in or-

der to inactiva te the prote inase K , and then DNA sam-

plesw e re sto red at - 20 ℃ for use.

1. 3　RAPD-PCR amplification

Four primers w ere used in the RAPD-PCR amp lifi-

ca tion:F2(5′GAGGATCCCT 3′), F12(5′ACGCTAC-

CAG 3′), H 9(5′TGTAGCTGGG 3′) and H16(5′TCT-

CAGCTGG3′) (synthe sized in SBS Gene tech. Co. ,

Ltd. ), and 10 indiv idua ls of each whitefly popu lation

w ere tes.t Po lymerase chain reac tionsw ere done in PTC-

100 thermocyc le r (M J Research Co. L td. ). The a-

mount o f reagents we re 25 μL containing double ste rile

distilled w ate r, 1×PCR buffe r, 1. 5 mmo l /L M gC l2 ,

0. 2 mmo l /L dNTPs, 15 pmo l /L PCR p rime r, 2 un it

Taq DNA polymerase (S ino-America B iotech, China)

and DNA template 10-20 ng. Amp lification w as done u-

sing the fo llow ing procedures:one cycle of 5 m in a t

94℃, 2m in at 40 ℃ and 3m in at 72℃, fo llow ed by

39 cycles o f 1 m in a t 94 ℃, 1. 5 m in at 40 ℃ and

2 m in at 72 ℃. PCR products we re electrophoresed di-

rectly using 15 g /L agarose ge l at 8 V /cm for 2 h w ith

1×TAE , afterw hich the ge lw as dyed in 10mg mL
- 1

ethidium brom ide for 30 m in. A 100 bp DNA ladde r

(S ino-America B io tech, Ch ina)was used in each ge.l
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Bands on the ge ls we re made visible using a UV ligh t

and then pho tographed.

1. 4　Data analysis

PCR amplification products that m ig ra ted at the

same distance in agarose ge lwe re sco red as the same lo-

ci, and the presence or absence o f bands w as reco rded

as 1 o r 0. Then these data w e re used to calcu la te the

gene tic d istances (D). The gene tic distances we re cal-

cula ted as
[ 14-15]

:D = - ln I , I=Iab /(Ia Ib)
1 /2
, Iab =∑

aibi /n , Ia =∑a
2
i /n , Ib =∑ b

2
i /n , whe re n is the tota l

number o f loci, ai , bi is the gene frequency a t i loci tha t

obse rved in specimen A and B , respective ly. Dend ro-

gram was drawn acco rding to the results of genetic dis-

tancesm atrixe sw ith averaged linkageme thods using the

cluster program o f SAS 6. 12
[ 16]
.

2　Results

2. 1　RAPD-PCR amplification

The RAPD-PCR amp lifica tions of the six w hitefly

popu lations w ith 4 primers are shown in Fig. 1. There

are 183 gene ra ted bandsw ith an averaged o f 7. 6 bands

for each sample. The sizes ofmost o f the amplified frag-

men t ranged between 100 bp to 1 500 bp.

　　M:a 100 bp DNA ladder;N aC:native hap lotype;B1-B3:B b iotyp e;Cv:new hap lotype;Tv:T. vapcra riorum

F ig. 1　The RAPD-PCR patte rns o f six w hitefly popu la tions generated by 4 prime rs

　　The amplified resu lt of RAPD-PCR show ed tha t

there w as a clearly distinct difference between the tw o

diffe rent haplotypes o f w hitefly popu lations. A s show n

in F ig. 1a, g reenhouse wh ite fly (Tv) distinguished from

the five B. tabaci popula tions w ith a band absen t at a-

bou t 720 bp. Fo rB. tabaci B b io type popu lations(B1 ,

B2 and B3 ), they we re distinguished from the na tive

popu lation, N aC hap lotype, and the Cv haplotype by 2

bands located near 300 bp. A lso in Fig. 1b, all the B.

tabaci populations had a same band at about 500 bp,

which w as absen t in the g reenhouse wh ite fly. On the

othe r hand, the three B. tabaci B b iotype popu lations

had 2 bright bands at about 950 bp and 1100 bp while

the NaC and the Cv haplotypes had no bands at these lo-

c.i Such find ings w ere also ex isted in the position of

300 bp and 900 bp in F ig. 1c and Fig. 1d, respective ly.

The amplification resu lt indicated that, T. vaporariorum

popu lation w as obv iously different from the fiveB. taba-

ci popu lations, the th ree B. tabaci B b iotype popula-

tionsw ere sim ilar to each other and the NaC haplotype

w as to some ex tent sim ilar to the Cv haplo type popula-

tion.

2. 2　The gene tic d istances of the six whitefly popu-

lations

　　The results of the gene tic distances indicated tha t

the genetic distances among the g reenhouse w hitefly

popu lation and the B. tabaci popula tions w ere the lar-

gestw ith an ave rage of 1. 129 9 (ranged from 1. 039 1

to 1. 201 4). M eanwhile, the gene tic distances among

the three popu lations o fB. tabaci B b io type from Be i-

jing, Jiangsu and Guangdong Prov ince s w ere the sm al-

lestw ith an ave rage o f 0. 091 2 (ranged from 0. 086 0

to 0. 094 5);on the othe r hand, the gene tic distance

be tw een the NaC and the Cv bio types (0. 494 0) is

sma lle r than that between the N aC and B biotypes

(0. 845 3-0. 893 8)(Tab. 2).

2. 3　Cluster analysis of the white fly populations

w ith genetic d istances

　　Data of the genetic distances o f the sixwh ite fly pop-

u lations are depicted in Fig. 2. In F ig. 2, the greenhouse
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Tab. 2　Gene tic d istance sm atr ix of six wh itefly popu lation s

code NaC B1 B2 B3 Cv Tv

NaC 0

B1 0. 845 3 0

B2 0. 867 2 0. 094 5 0

B3 0. 893 8 0. 086 0 0. 093 0 0

Cv 0. 494 0 0. 755 4 0. 798 2 0. 707 9 0

Tv 1. 045 2 1. 201 4 1. 189 5 1. 174 2 1. 039 1 0

whitefly w as first separated from the fiveB. tabaci popu-

lationsw henλ=1. 129 9. The fiveB. tabaci populations

w ere clustered into tw o g roups, one g roup conta ined

th ree populations o fB. tabaci B bio type, in w hich the

B. tabaci B bio type B1 popu lation and B3 popu lation

clustered together first, and then g rouped w ith the B.

tabaci B bio type B2; the second group o f B. tabaci

branch included the NaC hap lo type and the Cv haplo-

type, which indicated tha t the N aC hap lo type is more

closed to the Cv hap lo type than the o thers.

F ig. 2　The c luste r dendrog ram s of six whitefly popu la tions w ith

gene tic distances

3　D iscussion

B iotypes iden tification is important and necessary

to evalua te aB. tabaci popula tion. A cco rding to our in-

vestigations, the re are at least 3 kinds of b io types o r

hap lo types of B. tabaci in China w ith d istinct differ-

ences in the b iolog ical andmorpho log ica l characteristics

among them.

The resu lts obtained in this study indicated tha t the

gene tic distances indicating that the 3 B bio type popula-

tions be long to one g roup (B b io type g roup). Th is find-

ing is consistentw ith the ea rlier resu lts of Luo e t a.l
[ 8]

and Q iu e t a.l
[ 9]
. A lso these findings further indicated

that the gene tic and evo lu tiona l relationsh ips be tw een

the NaC haplo type and the Cv hap lotype w e re the clo-

sest, fo llow ed by the re lationship between the tw o non-B

hap lo types and the B b iotype. The N aC hap lo type w as

thought to be the bio type “A”, bu t the CO I sequences

analysis ind ica ted theremuch differences be tw een theA

biotype from A rizona, USA and the N aC hap lo type of

China.

The Cv haplotype is a new undefined b io type found

in the sou thern Ch ina on some ornamenta l plan ts re-

cently, wh ich b ioassay study showed that it is a ve ry se-

rious and dangerous haplotype on ornamen tal plants,

and bo th theN aC haplo type and the Cv haplotype belong

to an undefined group of A sian b io type, which also in-

cludes the B. tabaci popu lations from Nepal, Nau ru

and Ta iw an.

Due to the high ability of theB bio type in dam age,

great attention has been focused on iden tify ing the bio-

type and finding the origin o fB. tabaci using silverleaf

reaction, e sterase, RAPD-PCR e lectromorph amplifica-

tion and DNA fragment sequences
[ 5-6, 17-21]

. A ll the ir re-

su lts demonstrated that the re w e re at least two differen t

B. tabaci b iotypes in each country, o fwh ich, the B b i-

otype is one of them. B. tabaci B bio type has been a

cosmopo litan pest since the last decade
[ 3]
.

The resu lt in this study showed tha t the Cv haplo-

type w asmo re c lo se to the native NaC haplo type, wh ich

is no t conside red as a se rious haplotype in C hina, bu t

the damage due to th is hap lotype is h ighe r than theN aC

popu lations, and it need furthe r study on this puzzled

area.

RAPD-PCR analysis in this pape r showed tha t the

re lationships of the three populations ofB. tabaci B bio-

type in China w ere intraspecific, and the finding tha t

the Cv haplo type is very close to the indigenous haplo-

type (NaC haplo type) ind ica ted this new haplotype

m igh t existed in Ch ina fo r long time, it maybe orig ina-

ted in China o r from the ne ighbo ring countries. These

find ings are in accordance w ith those reported byWu e t

a.l
[ 11]

More w o rk shou ld be done in the fu tu re to study

the gene tic and evo lutional re lationship among the new

hap lo type Cv and o therB. tabaci haplotypes in China.
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