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 (Bemisia tabaci) 

 20 

 (biotype)

 (species complex)

 900  (Perring, 2001)

 (pupal case) 

 (Bethke et al., 1991; De Barro, 

1995)  

Brown et al. (1995b) 

 (RAPD-PCR)  

16 B

 (Gerling, 1990; 

Perring et al., 1991, 1992; Gill, 1992; De 

Barro, 1995; Rosell et al., 1997) Perring 

 PCR  (Bemisia argentifolii) (
) 

*

 

(RAPD-PCR) 

 (Bemisia tabaci) A  B  27 

 4  (OPA03, 91167, 

91074, F12)  RAPD-PCR 

 Baf/Bar  B 

 DNA  500bp

 B
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et al. (1993)  B 

 (squash silverleaf)  

(silverleaf whitefly) Bellows et al. 

(1994) 

 B 

 Bemisia argentifolii Bellows & 

Perring

 

(Barinaga, 1993; Campbell et al., 1993a, b, 

1994; Coats et al., 1994; Brown et al., 

1995b; Rosell et al., 1997) De Barro and 

Hart (2000)  

(Australian biotype)  B 

 B 

 

 1985 

20  A B

India/Pakistan Spanish Sudanese  5

 (Costa 

and Brown, 1991; Liu et al., 1992; 

Perring et al., 1992; Byrne and Devon- 

shire, 1993; Perring et al., 1993; Coats et 

al., 1994; Brown et al., 1995a; Byrne et 

al., 1995a, b; Gunning et al., 1995, 1997; 

Demichelis et al., 2000)  PCR 

 RAPD-PCR 

 (Gawel and Bartlett, 1993; De 

Barro and Driver, 1997; Guirao et al., 

1997; De Barro et al., 1998; De Oliveira 

et al., 2000)  

 RAPD-PCR 

 (Gawel and Bartlett, 1993; 

Garner and Slavicek, 1996; Nagaraju and 

Singh, 1997) De Barro and Driver (1997) 

 4  B  

B 

Guirao et al. (1997) 

 RAPD-PCR 

 A B 

 B 

De Oliveira et al. (2000)  5

 B 

 B Chou (2000) 

 De Barro and Driver (1997) 

 F2 F12 H9 H16 

 

RAPD-PCR 

 A 

 A  B 

 

A  B  RAPD-PCR

 RAPD-PCR 

 36 148 

 De Barro et al. (1998, 2000) Chou 

(2000)  Liu (2001)  

(Ko et al., 2002)

 A  B  RAPD-PCR 
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 95% 

 -70   ( )

 95%  -70   (

)  

 

 DNA 
 De Barro and Driver (1997) 

 1.5 ml 

 10 µl lysis buffer (50 mM KCl, 10 mM 

Tris (pH 8.4), 0.45% Tween 20, 0.2% 

gelatin, 0.45% NP40, 60 µg/ml proteinase 

K)  15 µl lysis 

buffer  65   30 100  

 10  25 µl 

 -20   

 

RAPD-PCR 
 91167 91074 (Haymer, 

1995) OPA UBC431  F2 F12

H9 H16 (Chou, 2000)  

RAPD-PCR PCR  AG-9600 

 (Thermal Station, 

AcuGen Systems, USA)  

 
Table 1. Populations of whitefly species used in the study from Taiwan 

     
TATV  ( ) 

Lactuca sativa 
 Trialeurodes vaporariorum  

26-IV-2001 
TAAD  ( ) 

Psidium guajava 
 Aleurodicus dispersus  

13-VIII-1999 
TASP  ( ) 

Piper kadsura 
 Singhiella piperis  

15-III-2001 
TANB  ( ) 

Saccharum officinarum 
 Neomaskellia bergii  

21-VII-2001 
TAAF  ( ) 

Ficus microcarpa 
 Aleuroplatus fici  

31-XII-2001 
TAAP  ( ) 

Lactuca indica 
 Aleyrodes proletella  

6-I-2002 
TAAT  ( ) 

Osmanthus fragrans 
 Aleurolobus taonabae  

13-III-2002 
TAAM  ( ) 

Osmanthus fragrans 
 Aleurotrachelus micheliae  

16-III-2002 
TADK  ( ) 

Jasminum sambac 
 Dialeurodes kirkaldyi  

16-III-2002 
TASP  ( ) 

Punica granatum 
 Siphoninus phillyreae  

16-V-2002 
TABP  ( ) 

Pongamia pinnata 
 Bemisia pongamiae  

29-V-2002 
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Table 2. Populations of Bemisia tabaci used in the study from Taiwan 

     
TABT01  ( ) 

Brassica oleraceae var. capitata 
 Bemisia tabaci  

15-XII-2000 
TABT02  ( ) 

Ageratum conyzoides 
 B. tabaci  

15-XII-2000 
TABT03  ( ) 

Brassica oleraceae var. capitata 
 B. tabaci  

15-XII-2000 
TABT04  ( ) 

Lycopersicon esculeutum 
 B. tabaci  

15-XII-2000 
TABT05  ( ) 

Lycopersicon esculeutum 
 B. tabaci  

15-XII-2000 
TABT06  ( ) 

Euphorbia pulcherrima 
 B. tabaci  

22-I-2002 
TABT07  ( ) 

Brassica oleraceae var. capitata 
 B. tabaci  

25-IX-2001 
TABT08  ( ) 

Cucumis sativus 
 B. tabaci  

26-IX-2001 
TABT09  ( ) 

Lycopersicon esculeutum 
 B. tabaci  

7-II-2002 
TABT10  ( ) 

Brassica oleraceae var. capitata 
 B. tabaci  

23-XII-2001 
TABT11  ( ) 

Brassica rapa 
 B. tabaci  

6-I-2002 
TABT12  ( ) 

Lycopersicon esculeutum 
 B. tabaci  

17-III-2002 
TABT13  ( ) 

Brassica oleraceae var. botrytis 
 B. tabaci  

13-I-2002 
TABT14  ( ) 

Myrica rubra 
 B. tabaci  

13-V-2002 
TABT15  ( ) 

Emilia sonchifolia 
 B. tabaci  

25-VI-2002 
TABT16  ( ) 

Emilia sonchifolia 
 B. tabaci  

6-VII-2002 
TABT17  ( ) 

Humulus scandens 
 B. tabaci  

6-VII-2002 
TABT18  ( ) 

Emilia sonchifolia 
 B. tabaci  

7-VII-2002 
TABT19  ( ) 

Emilia sonchifolia 
 B. tabaci  

3-VIII-2002 
TABT20  ( ) 

Emilia sonchifolia 
 B. tabaci  

3-VIII-2002 
TABT21  ( ) 

Emilia sonchifolia 
 B. tabaci  

20-VII-2002 
TABT22  ( ) 

Emilia sonchifolia 
 B. tabaci  

27-VII-2002 
TABT23  ( ) 

Emilia sonchifolia 
 B. tabaci  

4-VIII-2002 
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 25 µl  2 µl DNA  (100 

µg/ml) 1U DNA  (Taq polymerase; 

Promega, USA) 1× 0.1 mM 

dNTPs 1.5 mM MgCl2  0.2 µM 

 DNA  Gene 

Quant II (Pharmacia Biotech, USA) 

1  (prewarm) 94  

2 2  (denaturing) 94  1

3  (annealing) 37  1 4

 (extension) 72  1 5

2 4 45 6  (final 

extension) 72  5 7  15

PCR  (ethidium 

bromide, EtBr)  TAE  1.6% 

 UV 

 

 

DNA  
 E.Z.N.A® gel extraction kit 

(Omega, USA) 

 DNA

 DNA  1.5 ml 

 4~6  binding 

buffer  55~65   7

 HiBind® extraction column 

 2 ml  

HiBind® extraction column

 1  750 µl  

wash buffer  1

 column 

 3  

HiBind® extraction column  1.5 ml 

 30~50 µl  70  

 5

 6000 ×g  1

 DNA  -20  

 

 

 (competent cell)  
 (JM109)  5 

ml  L.B.  (1% tryptone, 0.5% 

yeast extract, 0.5% NaCl, pH 7.5)  

37   3 ml  

100 ml  L.B.  37   

3  4  

 1000 ×g  10

 50 ml 2X TSS (L.B. broth  5% 

PEG6000, 5% DMSO, 50 mM MgSO4, 50 

 
Table 3. Populations of Bemisia tabaci used in the study from other countries 

     
USBTA1 USA Bemisia tabaci J. K. Brown A 
USBTB1 USA B. tabaci J. K. Brown B 
AUBTAN Australia B. tabaci P. J. De Barro AN 
AUBTNaura Australia B. tabaci P. J. De Barro Nauru 
AUBTB Australia B. tabaci P. J. De Barro B 
EGBTB Egypt B. tabaci I. D. Beford B 
SPBTQ1 Spain B. tabaci I. D. Beford Q 
USBTA2 USA B. tabaci H. Y. Liu A 
USBTB2 USA B. tabaci H. Y. Liu B 
COBTA Colombia B. tabaci L. A. Calvert A 
COBTB Colombia B. tabaci L. A. Calvert B 
SPBTQ2 Spain B. tabaci J. L. Cenis Q 
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mM MgCl2)  1000 ×g  4

  10

 10 ml  1X TSS (  30% glycerol) 

 -70   

 

 

 pGEM®-T Easy Vector 

System 

 DNA  (ng of vector × kb size 

of insert / kb size of vector) × (insert/ 

vector molar ratio) = ng of insert  

10 µl  5 µl 2X rapid 

ligation buffer 1 µl pGEM®-T Easy Vector 

(50 ng) 1 µl T4 DNA Ligase (3 Weiss 

units/µl)  DNA  (

 3 µl)  DNA 

 1

 4   (  16 )  

 

 

 JM109  (  

5 )  2 µl 

 1.5 ml 

 50 µl 

 20  42   heat-shock 

45~50  2  500 

µl  SOC medium  37   

1.5  100  200 µl 

 L.B./ampicillin plate (  IPTG 

(200 mg/ml) 4 µl  X-Gal (20 mg/ml) 40 

µl) 

 37  

 4  

 

 

 

 1.5 ml  

L.B.  37  

 E.Z.N.A® plasmid miniprep kit I 

(Omega) 

 2  

 250 µl  solution I/Rnase A 

 250 µl  

solution II

 350 µl  solution III 

 10  HiBindTM 

DNA column  2 ml 

 column  1

 750 µl  DNA wash 

buffer  1

 column 

 1   HiBind® 

extraction column  1.5 ml 

 50~100 µl  70  

 5  6000 

×g  1

 EcoRI  37   1

 1% 

 

 

DNA  

B

DNA  GeneWorks Ver. 2.5 

(Intelligenetics, USA) GeneDoc (available 

at http://www.psc.edu/biomed/genedoc) 

 Clustal W (PC/GENE) 

 

 

 PCR 
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 0.2 ml 

 (  20 µl) 2 µl  

10x Taq reaction buffer Baf/Bar 

( 20 µM) ( )  0.5 µl DNA 50 

ng  1.25  Taq DNA 

polymerase  AG-9600 

 PCR PCR 1

 (prewarm) 94  2 2  

(denaturing) 94  45 3  

(annealing) 60  30 4  (extension) 

72  1 5 2 4

40 6  (final extension) 

72  5 7 15 PCR 

 TAE  1% 

 UV 

 

 

 
 

RAPD-PCR 
 27   ( )  4

 A B 

 OPA03 91167 91074  

F12  OPA03 

 B  

720 590 500 350  300 bp  A 

 
Table 4. Primers and primer sequences used in the experiments  

  (5’-3’) Tm ( ) 
UBC431 CTGCGGGTCA 25 
OPA01 CAGGCCCTTC 23 
OPA02 TGCCGAGCTG 25 
OPA03 AGTCAGCCAC 9 
OPA04 AATCGGGCTG 24 
OPA05 AGGGGTCTTG 16 
OPA06 GGTCCCTGAC 13 
OPA07 GAAACGGGTG 18 
OPA08 GTGACGTAGG 6 
OPA09 GGGTAACGCC 24 
OPA10 GTGAGCGCAG 19 
OPA11 CAATCGCCGT 25 
OPA12 TCGGCGATAG 21 
OPA13 CAGCACCCAC 17 
OPA14 TCTGTGCTGG 12 
OPA15 TTCCGAACCC 23 
OPA16 AGCCAGCGAA 25 
OPA17 GACCGCTTGT 17 
OPA18 AGGTGACCGT 15 
OPA19 CAAACGTCGG 20 
OPA20 GTTGCGATCC 18 
91167 CGGCCCGGTA 35 
91074 CGGCCCCTGT 33 
F2 GAGGATCCCT 13 
F12 ACGGTACCAG 12 
H9 TGTAGCTGGG 14 
H16 TCTCAGCTGG 11 
Baf CGGAACCTGAGACTGGAA 53 
Bar CCCCTGTCAAAATGGC 56 
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 580 470 390

330 280 220 bp  91167 

 B  

750 500 460 320 280 bp  A 

 630 590 500

420 400 300  280 bp  91074 

 B 

 800 720 600 550 450  350 bp

 A  550

500  420 bp  F12  B 

 870 600 500 

 450 bp  A 

820 670 450  250 bp  5

 B 

 A B  91074 

 RAPD-PCR 5

 B  

B  RAPD-PCR 

 B  (

)  

 

 PCR 
 91074 

 B  550 bp 

 Baf/Bar  Baf  

CGGAACCTGAGACTGGAA Bar 

CCCCTGTCAAAATGGC  B 

 500 bp

 A  B 

 PCR 

 B 

 550 bp 

 PCR 

 ( )

 ( )

 5  (A B AN Nauru  Q) 

 12  ( )  Baf/Bar 

 B  

( )

 16  9 

 ( )  

B  ( )  

 

 
 

 De Barro and Driver 

(1997)  De Oliveira et al. (2000) 

 91167  91074 (Haymer, 

1995)  27

 4  

(OPA03 91167 91074 F12) 

 91074  RAPD-PCR 

 ( )  

 91074 

RAPD-PCR  5

 B 

 ( )  Chou (2000) 

 B 

 B B 

 B  

91074  RAPD-PCR

 B  

( ) De Barro and Driver (1997) 
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 (A) OAP03 (AGTCAGCCAC) (B) 91167 (CGGCCCGGTA) (C) 91074 (CGGCCCCTGT) (D) F12
(ACGGTACCAG)  RAPD-PCR M: Bio100 DNA LadderTM lane 1: B 
(USBTB1) lane 2: A  (USBTA1) 

Fig. 1. Agarose gel with RAPD-PCR products from the Bemisia tabaci with primers (A) OPA03 (AGTCA
GCCAC), (B) 91167 (CGGCCCGGTA), (C) 91074 (CGGCCCCTGT), and (D) F12 (ACGGTACCAG). M,
Bio100 DNA LadderTM; lane 1, biotype B (USBTB1); lane 2, biotype A (USBTA1). 
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 91074 (CGGCCCCTGT) M: Bio100 DNA LadderTM lane 1: 
 (TABT01) lane 2:  (TABT02) lane 3:  (TABT03) lane 4:  (TABT04) lane 5: 

(TABT05) lane 6: B  (USBTB1) lane 7: A  (USBTA1) lane 8: B  (AUBTB) 
Fig. 2. Agarose gel with RAPD-PCR products from the Bemisia tabaci species complex from various host

plants with primer 91074 (CGGCCCCTGT). M, Bio100 DNA LadderTM; lane 1: Brassica oleraceae var.
capitata (TABT01); lane 2, Ageratum conyzoides (TABT02); lane 3, Brassica oleraceae var. capitata
(TABT03); lane 4, Lycopersicon esculeutum (TABT04); lane 5, Lycopersicon esculeutum (TABT05); lane 6,
biotype B (USBTB1); lane 7, biotype A (USBTA1); lane 8, biotype B (AUBTB). 

 

 Baf/Bar M: Bio100 DNA LadderTM lane 1:  B
(AUBTB) lane 2:  A  (USBTA2) lane 3:  (TATV) lane 4:  (TAAD) 

Fig. 3. Identification of different whiteflies using the specific primer set Baf/Bar. M, Bio100 DNA LadderTM;
lane 1, Bemisia tabaci biotype B (AUBTB); lane 2, B. tabaci biotype A (USBTA2); lane 3,
Trialeurodes vaporariorum (TATV); lane 4, Aleurodicus dispersus (TAAD). 
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 Baf/Bar M: Bio100 DNA LadderTM lane 1:  (TABT01)
lane 2:  (TABT02) lane 3:  (TABT03) lane 4:  (TABT04) lane 5:  (TABT05) lane 6:
B  (USBTB2) lane 7: B  (AUBTB) lane 8: A  (USBTA2) 

Fig. 4. Identification of Bemisia tabaci from various host plants using the specific primer set Baf/Bar. M,
Bio100 DNA LadderTM; lane 1, Brassica oleraceae var. capitata (TABT01); lane 2, Ageratum conyzoides
(TABT02); lane 3, Brassica oleraceae var. capitata (TABT03); lane 4, Lycopersicon esculeutum (TABT04);
lane 5, Lycopersicon esculeutum (TABT05); lane 6, biotype B (USBTB2); lane 7, biotype B (AUBTB); lane
8, biotype A (USBTA2). 

 

 Baf/Bar  9 M: Bio100 DNA LadderTM; lane 1: Singhiella
piperis; lane 2: Neomaskellia bergii; lane 3: Aleuroplatus fici; lane 4: Aleyrodes proletella; lane 5: Aleurolobus
osmanthi; lane 6: Aleurotrachelus micheliae; lane 7: Dialeurodes kirkaldyi; lane 8: Siphoninus phillyreae; lane
9: Bemisia pongamiae; lane 10:  B  (USBTB2) 

Fig. 5. Identification of nine different whitefly species using the specific primer set Baf/Bar. M, Bio100 DNA
LadderTM; lane 1, Singhiella piperis; lane 2, Neomaskellia bergii; lane 3, Aleuroplatus fici; lane 4, Aleyrodes
proletella; lane 5, Aleurolobus osmanthi; lane 6, Aleurotrachelus micheliae; lane 7, Dialeurodes kirkaldyi;
lane 8, Siphoninus phillyreae; lane 9, Bemisia pongamiae; lane 10, Bemisia tabaci biotype B (USBTB2). 

 



 240  

 Baf/Bar M: Bio100 DNA LadderTM lane 1: A 
 (USBTA1) lane 2: B  (USBTB1) lane 3: AN  (AUBTAN) lane 4: Nauru

 (AUBTNaura) lane 5: B  (AUBTB) lane 6: B  (EGBTB) lane 7: Q 
(SPBTQ1) lane 8: A  (USBTA2) lane 9: B  (USBTB2) lane 10: A  (COBTA)
lane 11: B  (COBTB) lane 12: Q  (SPBTQ2) 

Fig. 6. Identification of Bemisia tabaci from various host plants using the specific primer set Baf/Bar. M,
Bio100 DNA LadderTM; lane 1, biotype A (USBTA1); lane 2, biotype B (USBTB1); lane 3, biotype AN
(AUBTAN); lane 4, biotype Nauru (AUBTNaura); lane 5, biotype B (AUBTB); lane 6, biotype B (EGBTB);
lane 7, biotype Q (SPBTQ1); lane 8, biotype A (USBTA2); lane 9, biotype B (USBTB2); lane 10, biotype A
(COBTA); lane 11, biotype B (COBTB); lane 12, biotype Q (SPBTQ2).  

 

 Baf/Bar M: Bio100 DNA
LadderTM; lane 1:  (TABT06); lane 2:  (TABT07); lane 3:  (TABT08); lane 4:  (TABT09);
lane 5:  (TABT10); lane 6:  (TABT11); lane 7:  (TABT12); lane 8:  (TABT13); lane 9:

 (TABT14); lane 10:  (TABT15); lane 11:  (TABT16); lane 12:  (TABT17); lane 13: 
 (TABT18); lane 14:  (TABT19); lane 15:  (TABT20); lane 16: B  (USBTB2) 

Fig. 7. Identification of Bemisia tabaci from various host plants using the specific primer set Baf/Bar. M,
Bio100 DNA LadderTM; lane 1, Euphorbia pulcherrima (TABT06); lane 2, Brassica oleraceae var. capitata
(TABT07); lane 3, Cucumis sativus (TABT08); lane 4, Lycopersicon esculeutum (TABT09); lane 5, Brassica
oleraceae var. capitata (TABT10); lane 6, Brassica rapa (TABT11); lane 7, Lycopersicon esculeutum
(TABT12); lane 8, Brassica oleraceae var. botrytis (TABT13); lane 9, Myrica rubra (TABT14); lane 10,
Emilia sonchifolia (TABT15); lane 11, Emilia sonchifolia (TABT16); lane 12, Humulus scandens (TABT17);
lane 13, Emilia sonchifolia (TABT18); lane 14, Emilia sonchifolia (TABT19); lane 15, Emilia sonchifolia
(TABT20); lane 16: biotype B (USBTB2). 
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 6  B  

RAPD-PCR 

 B 

 

Behura et al. (1999)  (Di- 

ptera: Cecidomyiidae)  

(Orseolia oryzae)  RAPD-PCR 

 

PCR 

 5  

SCARs (sequence characterized amplified 

regions) 

 A B 

 RAPD-PCR 

 Baf/Bar

 B  500 

bp  A 

 B 

 ( )

 9  ( )

 Baf/Bar  B 

 16  9

 B 

 ( )

 B 

 

 

RAPD-PCR 

 B 

 A B 

 

 

 Baf/Bar M: Bio100 DNA LadderTM; lane
1: TABT15; lane 2: TABT16; lane 3: TABT18; lane 4: TABT21; lane 5: TABT22; lane 6: TABT19; lane 7:
TABT20; lane 8: TABT23; lane 9: B  (USBTB2) 

Fig. 8. Identification of Bemisia tabaci from Emilia sonchifolia using the specific primer set Baf/Bar. M, Bio100 
DNA LadderTM; lane 1, TABT15; lane 2, TABT16; lane 3, TABT18; lane 4, TABT21; lane 5, TABT22; lane 6, 
TABT19; lane 7, TABT20; lane 8, TABT23; lane 9, biotype B (USBTB2). 
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 (

)  (

)  (

)  (

)  (

)  (

) J. K. Brown (University of Arizona, 

Tucson, AR, USA), P. J. De Barro (CSIRO 

Entomology, Indooroopilly, Australia), I. 

D. Bedford (John Innes Centre, Norwich, 

UK), H. Y. Liu (USDA-ARS, U. S. 

Agricultural Research Station, Salinas, 

CA, USA), L. A. Calvert (Centro 

Internacional de Agricultura Tropical, 

Cali, Colombia), J. L. Cenis (CIDA, 

Murcia, Spain)

 90 -6.2.2-

-B2(6)  91 -7.2.2- -B2(5) 
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Development of Rapid Identification of Bemisia argentifolii 
(Hemiptera: Aleyrodidae) by PCR 
 

Chung-Hsiung Wang, Chiun-Cheng Ko*, Chung-Chi Liu and Chiou-Nan Chen 

Department of Entomology, National Taiwan Universtiy, Taipei 106, Taiwan

ABSTRACT 

Diagnosis between Bemisia tabaci biotypes A and B was first carried out 
in this investigation using RAPD-PCR analysis. The four primers, OPA01, 
F12, 91167, and 91074, from 27 random primers were selected for specific 
discrimination of biotypes A and B. The specific amplicon of biotype B was 
cloned and sequenced by RAPD-PCR using primer 91074. A primer set, 
Baf/Bar, was designed based on the nucleotide sequence of this amplicon. An 
amplicon (of about 500 bp) offered yields with Baf/Bar only with the genomic 
DNA template by PCR, while none was found with other genomic DNA 
biotypes. This result shows that the specific primer set can be used to 
discriminate biotype B from other biotypes of B. tabaci. This is initial work 
on a molecular diagnostic approach for B. tabaci in Taiwan. Using results 
from this investigation, we will study more populations of B. tabaci from 
Taiwan using additional molecular studies. 
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