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Abstract The rDNA-TS2 gene was used to investigate genetic structure and differentiation among populations of
Pergande Frankliniella occidentalis ( Pergande) in Yunnan Province. 112 rDNA-TS2 sequences were analyzed

including 59 variable sites defining 30 haplotypes. Haplotype diversity was quite high (Hd = 0.90219) overall but
nucleotide diversity was low (Pi =0.00891). The Fst value was 0.00809 and gene flow was Nm = 30. 64 among all
populations. These results suggest that genetic differentiation was low and that gene flow between different geographic
populations was sufficient. Neutral test and mismatch analysis indicate that F. occidentalis has undergone a recent
population expansion. The results of AMOVA also suggest that observed genetic differences mainly originate from inter—
population differences with relative little genetic variation within populations. These molecular data are consistent with the
recent invasion of Yunnan by F. occidentalis.
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Table 1 Sample information of Frankliniella occidentalis in different geographic populations

Population . . .
. Host plants Longitude Latitude Collection date
abbreviations
(KM) i i ’ ’ R 102°47~ 24°53" 2010. 4
zr . . . . . . 103°42° 27°19° 2010. 6
(YX) NN . . . . 102°32° 24.34 2010. 4
(HH) NN . . . . 103°24~ 23°30° 2010. 4
(LD i ’ ’ i i ’ 100°03~ 27°11° 2009. 4
(DL) ) ) ) ) ) ) 100°07° 25°41" 2010. 6
cx) ’ X ’ ’ ’ i ’ 101°61" 25°36° 2009. 4
(BS) . . . . . . 99°14~ 25°13° 2009. 5
(LC) . . . . . NN 100°05~ 23°51" 2008. 10
(PE) NN . . . . 100°59~ 22°45° 2009. 4
1.2 DNA 30 ~ 60 min
Gomi  (1997) . 200 pL

(1) :(2) 20 plL STE (100 mmol /L
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NaCl 10 mmol/L Tris-HCl 1. 0 mmol/L. EDTA (bootstrap analysis BP)
pHS8. 0) 1000 -
20l STE ;(3) 2
2 ;(4) 2.1 rDNA-TS2
3 ul K(10 mg/mL) 58°C 1 2.1.1 rDNAATS2 rDNATS2
~2 h 95C 5 minj; (5)2 000 r/min 1 469 ~471 bp 409
min PCR (conserved sites) (sites
-20C o with alignment gaps) 2 59
1.3 PCR | 12. 53f7o | 25
DNAJTS? SOR (singleton variable sites) . 34
. ous inf . . o
( 5°-GTTAGTTTCTTTTCCTCCCCT3 ) Pl (5- (parsimonious informative sites) /
deletion /i i 406.407) . T. C.
ATCACTCGGCTCGTGGATCG3") ( Moritz et al. (deletion /insertion) ( )
A.G 124.07% 28.28% 21.55
2002; Glover et al. 2009) . PCR % % %
26.10% A+T (45.62%) G+C
50 L. 22 ~3 pL DNA 28.6 pl o 380
ddH,0 5 wL 10 x Buffer(MgC1, 1.5 mmol/L) 4 uL (54.38%) -
dNTPs(2.5 mmol/L) 0.5 pL Taq DNA (5
112 rDNATS2 30
U/pL) (TaKaRa) 1.0 wL(10
( :HQ890851-HQ890880)
pmol/uL) 50 wLo 5 10
PCR 294°C 5 min; 94°C ’
) ] Hapl ~ Hapl0; 20
40 s 55°C 1 min 72C 1 min 35
Hapll ~ Hap30.
;72°C 10 min 4°C o
Hapl.Hap2.Hap3.Hap4
PCR 2.0 pL 1.0%
o Hapl 10
80V 50 min
20 17.86% ;
’ Hap2 9 16
1.4 16.07% ; Hap3. Hap4
DNAStar 5.0 (Librado and Rozas 2009) 11.61% 16.07%
PCR 17.86% -
o 2.1.2 ITS=2 10
DNA NCBI BLAST 110 ITS2
o Clustal X 3 10
1.8 (Thompson et al. 1997) . (Hd) 0.90219; (K)
DnaSP 5. 0 (Librado and Rozas 2009) 4.17712; (Pi) 0.00891,
(Pi) - (Hd) HH 0. 01663
(K) Arlequin V3. 01 CX 0.00491 .
(AMOVA)
o MEGA 4.0 (Tamura et al. 2007) (K.) (D.)H)C 4)
N N HH.LJ 8
MEGA 4.0
(neighbor joining NJ) (minimum 0.00945 ~0.01334 ;
evolution ME) 4.43333 ~6.25833; HH.LJ

Kimura2 Parameter o
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Table 2 The distribution of haplotypes among populations of Frankliniella occidentalis

Population  Sample size Haplotypes and number of individuals

BS 12 Hapl (2); Hap2 (2); Hap4 (3); Hap7 (3); HI19 (1); H24 (1)

CX 12 Hapl (3); Hap2 (2); Hap3 (2); Hap5 (1) ; Hap6 (2); Hapl0 (1); Hapl4 (1)

DL 10 Hapl (2); Hap4 (2); Hap6 (1); HaplO (3); Hapl7 (1); Hap2l (1)

HH 10 Hapl (1) ; Hap2 (3); Hap3 (3); Hapl8 (1); Hap25 (1); Hap27 (1)

KM 12 Hapl (2); Hap2 (2); Hap3 (1); Hap4 (3); Hapl5 (1); Hap20 (1); Hap22 (1); H28 (1)

LJ 12 Hapl (2); Hap2 (2); Hap4 (3); Hap9 (3); H29 (1); H30 (1)

LC 10 Hapl (2); Hap2 (1); Hap3 (2); Hap4 (3); Hap5 (1); Hap9 (1)

PE 10 Hapl (2); Hap2 (2); Hap3 (1) ; Hap4 (2); Hap8 (2); Hapl2 (1)

YX 12 Hapl (2); Hap2 (2); Hap3 (2); Hap8 (3); Hapll (1); Hap23 (1); Hap26 (1)

7T 12 Hapl (2); Hap2 (2); Hap3 (2); Hap4 (2); Hap5 (2); Hapl3 (1); Hapl6 (1)
3

Table 3 The nucleotide diversity among populations of Frankliniella occidentalis

Population Haplotypes diversity (Hd) Nucleotide diversity (Pi) Average number of nucleotide differences (K)
BS 0. 87879 0.01021 4.78788
CcX 0. 90909 0. 00491 2.30303
DL 0. 88889 0. 00644 3.02222
HH 0. 86667 0.01663 7. 80000
KM 0. 92424 0.01011 4.74242
LJ 0. 87879 0.01370 6.42424
LC 0. 88889 0. 00507 2.37778
PE 0.91111 0.00611 2. 86667
YX 0. 90909 0. 00950 4. 45455
7T 0.92424 0. 00552 2.59091

Total 0.90219 0. 00891 4.17712
4 ( ) ( )

Table 4 Average number of nucleotide differences (above the diagonal) and nucleotide

divergence (below the diagonal) among populations

BS CX DL HH KM LJ LC PE YX 7T

BS 3.53472  3.96667 6.16667 4.69444 5.77778  3.48333 3.76667 4.67361 3.58333
CX 0. 00754 2.60833  5.11667  3.45833  4.65278  2.33333  2.58333  3.46528 2.38889
DL 0.00846  0.00556 5.59000  3.83333 5.05833  2.78000 3.06000 3.93333 2.85833
HH 0.01315 0.01091 0.01192 6.25833  7.24167 5.16000 5.34000 6.04167 5.21667
KM 0.01001  0.00737 0.00817 0.01334 5.47222  3.45000 3.76667 4.73611 3.54167
LJ 0.01232  0.00992 0.01079 0.01544 0.01167 4.43333  4.86667 5.83333 4.65278
LC 0.00743  0.00498 0.00593 0.01100 0.00736  0.00945 2.54000 3.61667 2.31667
PE 0.00803  0.00551 0.00652 0.01139 0.00803 0.01038  0.00542 3.50000  2.65000
YX 0.00997  0.00739 0.00839 0.01288 0.01010 0.01244 0.00771  0.00746 3. 68056
7T 0.00764  0.00509 0.00609 0.01112  0.00755 0.00992 0.00494 0.00565 0.00785
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2.2 ° 4 25
F. intonsa ( 62%)
(NJ ). (ME) Hap3.Hap7 .Hapl12.Hapl3 (
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° NJ C 1 ( 38%)
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2.3
° 5
0. 0050 ~0.0157 - HH.LJ
NJ C 2)
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1 30 ITS=2 NJ Fig.2 The genetic relationships among
Fig.1 NJ tree of 30 haplotypes base on ITS2 populations of Frankliniella occidentalis

5

Table 5 The genetic distances among populations of Frankliniella occidentalis

HH YX BS CX KM LC LJ PE 7T DL
HH
YX 0.0131
BS 0.0134 0.0101
CX 0.0111 0. 0075 0. 0076
KM 0.0136 0.0102 0.0102 0.0074
LC 0.0112 0. 0078 0. 0075 0. 0050 0. 0074
LJ 0.0157 0.0126 0. 0125 0.0101 0.0119 0. 0096
PE 0.0116 0. 0075 0. 0081 0. 0055 0. 0081 0. 0054 0. 0105
7T 0.0113 0. 0079 0. 0077 0. 0051 0. 0076 0. 0050 0.0101 0. 0057
DL 0.0121 0. 0085 0. 0085 0. 0056 0. 0083 0. 0060 0.0109 0. 0066 0. 0061
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DL.CX ZT.KM.LC.LJ 6 Arlequin V3. 01 10
6 ; Fst 0. 00810 Nm
YX.PE 2 0 30. 61 -
0.07238 ~0.06753 ( 6) L] YX.LJ
0 DL (P < 0.05)
2.4 °
(F-statistic  Fst) o
AMOVA « 7 299.19%
0.81%
6
Table 6 The Fst value among populations of Frankliniella occidentalis
BS CX DL HH KM LJ LC PE YX 7T
BS
CX -0.00034
DL 0.01553 -0.02082
HH -0.02064 0.01273  0.03200
KM -0.01506 -0.01862 -0.01278 -0.00206
LJ 0.02972  0.06214 0.06625* 0.01789 -0.02030
LC -0.02856 -0.00303 0.02878 0.01378 -0.03191 0.00729
PE -0.01609 -0.00059 0.03776 0.00125 -0.01006 0.04545 -0.03237
YX 0.01121  0.02496 0.04956 -0.01417 0.02906 0.06753* 0.05544 -0.04589
7T -0.02960 -0.02431 0.01811 0.00407 -0.03529 0.03121 -0.07238 -0.02973 0.04288
: x (P < 0.05), .
Data with* indicate significantly different at 0. 05 level. The same below.
7
Table 7 Analysis of molecular variance among populations of Frankliniella occidentalis
Source of variation df Sum of squares Variance components Percentage variation
Among populations 9 20. 364 0.01693 0. 81
Within populations 102 211. 467 2.07320 99.19
Toral 111 231. 830 2.09013 100. 00
Fstz 0.00810
2.5 o
Tajima’ s TestsFu and Li’ s Test Tajima’s D ( -2.12486)
(Neutral test) ( 8) (P < 0.05);Fu and Li's F ( -

(P > 0.05) 3.17641) (P < 0.02).
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C 3) (population expansion) o
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Table 8 Neutral test among populations of Frankliniella occidentalis

Population Fuand Li’s F Tajima’s D
BS -1.76553(P > 0.10) -1.21699(P > 0.10)
cX - 1.49970(P > 0.10) -1.25278(P > 0.10)
DL -1.05072(P > 0.10) -0.99742(0.10 > P > 0.05)
HH -1.76196 (P > 0.10) -1.49471(P > 0.10)
KM -1.86946(P > 0.10) -1.40159(P > 0.10)
L] 0.17410(P > 0.10) -0.33570(P > 0.10)
LC 0.31041(P > 0.10) 0.50103(P > 0.10)
PE 1.35555(P > 0.10) 0.67147(P > 0.10)
YX - 1.41953(P > 0.10) -1.10127(P > 0.10)
ZT -0.47350(P > 0.10) -0.08774(P > 0.10)
Total -3.17641*% (P < 0.02) -2.12486* (P < 0.05)
2) .
. (3)
(Kelley 2000) » N
0 10 20 30 40
Pairwise differences °
3 ITS -2 3.2
Fig.3 Mismatch distribution of ITS -2
haplotypes of Frankliniella occidentalis o
3 N N N N N
3.1 o Rugman-
o Jones  (2010) mtDNA-CO [ rDNA28S
2 o
° (2009) mtDNA-CO [
( Frankham
et al. 2002). o
rDNATS2 rDNA-TS2
o : bootstrap
1) 60% .

o rDNAITS2
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