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Abstract  Frankliniella occidentalis (Pergande) is a worldwide quarantine pest with wide distribution and can
cause serious damage. This study aimed to evaluate the host specialization and genetic diversity among different
host plant populations of F. occidentalis. In the present study, the mtDNA CO | and CO [l were selected as mo-
lecular markers. Samples were collected from five host plant species, including Capsicum annuum , Solanum mel-
ongena , Althaea rosea, Rosa chinensis, and Canna indica in Gansu and Ningxia provinces. The genetic diversity,
genetic differentiation, gene flow and molecular variance (AMOVA) were analyzed by using the software Arle-
quin 3.5. Phylogenetic relationships and median-joining networks were inferred from MEGA 7.0 and Network

5.0, respectively. The results showed that 13 and 12 types of haplotype were detected when the CO | and CO [
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gene sequences analyzed, respectively, and H_1 and H_2 were the dominant haplotypes. Moreover, only 3 (CO
1) and 2 (COI) types of haplotype were detected in C. annuum (LJ) and S. melongena populations, but 7-9
(CO 1) or 89 (COI) types were detected in A. rosea, R. chinensis or C. indica populations. Furthermore, the
haplotype diversity (Hq) . nucleotide diversity () and average number of nucleotide difference (K) of C. annu-
um and S. melongena populations were all lower than those of A. rosea, R. chinensis and C. indica populations.
Analyses of fixation index (Fsr) and gene flow (Ny,) based on CO | or CO |l gene suggested high level of gene
flow and no obvious genetic differentiation among host populations of F. occidentalis. Analysis of molecular vari-
ance (AMOVA) indicated that the genetic variance was mainly attributes to variation within populations. The
phylogenetic tree and haplotype network analyses based on haplotypes of CO [ and CO [l genes showed two clear
genetic branches, corresponding to the glasshouse strain and lupin strain of F. occidentalis, respectively. The hap-
lotypes standing for glasshouse strain happened on all host plants, while the haplotypes standing for lupin strain
were from perennial plant species A. rosea, R. chinensis and C. indica, but not from C. annuum and S. melon-
gena . The present results may help us understand the population expansion mechanism, analyze genetic dynamics

and set up effective management measures of F. occidentalis.
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Table 1 Collection information of Frankliniella occidentalis populations on five common host plant species in the field

A F A FhEFEACRS A ZH W A AR
Host plant Population code Location Latitude &- longitude Number of sequenced
B Capsicum annuum ZYL] K4 Zhangye 38° 54" 46. 08" N, 100° 23" 27. 95" E 14
JYGLJ FIR 5% Jiayuguan 39° 43" 21.67" N, 98° 18’ 44. 39" E 19
#iT Solanum melongena 7ZYQZ K3k Zhangye 38° 54 37.62" N, 100° 23" 46. 33" E 15
EFE Althaea rosea WZSK 5L Wuzhong 37° 56" 25. 55" N, 106° 08’ 18.61" E 22
JYGSK A% Jiayuguan 39° 43" 23.21" N, 98° 18’ 42. 25" E 21
ZYSK 5K Zhangye 38° 54" 51. 19" N, 100° 22" 42. 27" E 20
HZE Rosa chinensis YCY]J 4211 Yinchuan 38° 28" 33.01" N, 106° 16’ 07. 29" E 22
WZY] 518 Wuzhong 38° 00" 35.27" N, 106° 11" 15. 72" E 21
2 N#E Canna indica YCMR] £1)1] Yinchuan 38°29' 08. 15" N, 106° 15" 16. 91" E 23
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Table 2 Haplotype distribution of CO ] gene in five host plant populations of Frankliniella occidentalis

FREAR Y FAfERIEE Number of haplotype
Population code H_1 H_2 H_3 H_4 H_5 H_6 H_7 H_8 H_9 H_10 H_11 H_12 H_13

ZYL] 4 9 — — — — 1 — — — = = =
JYGL] 9 10 — — — — — = = = = = =
ZYQZ 2 11 — — — — — — — — — — 2
WZSK 7 4 — 1 — 4 2 2 2 — — — =
JYGSK 11 4 2 1 3 — — = — = = = =
ZYSK 3 14 — — — 3 — — — = = = =
YCY]J 9 5 1 1 — 2 2 — — — 2 — =
WZY] 6 7 1 — — 3 1 — 1 1 — — =
YCMR] 5 6 — 2 3 2 — — — — 4 1 —
it Total 56 68 4 5 6 14 6 2 3 1 6 1 2
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Table 3 Haplotype distribution of CO[ gene in five host plant populations of Frankliniella occidentalis

PR PALERIKE Number of haplotype
Population code H_1 H_2 H_3 H_4 H_5 H_6 H_7 H_8 H_9 H_10 H_11 H_12

ZYL] 1 13 — — = — = — — = = =
JYGL] 12 7 — = = — = — = = = =
ZYQZ 8 7 — — — — = — — = = =
WZSK 4 2 — 4 4 2 — — — = =
JYGSK 15 6 — — = = = = = = = =
ZYSK 7 8 — 2 3 — — — — 4 — 1
YCY]J 5 9 2 1 2 — — — 2 — — 1
WZY] 8 4 — — 2 8 3 1 — — — —
YCMR] 3 7 — 2 4 2 — — 2 2 1 —
it Total 65 60 4 5 15 9 5 1 4 6 1 2
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Table 4 Genetic diversity and neutrality test of mtDNA gene among Frankliniella occidentalis host plant populations

SEDH ﬁ‘ﬁiﬁﬁ HAERIZ R &ﬁﬂxé}’ﬁ?ﬁ TR 1 2 57 K (O . EPTM"/‘HLJ N
Gene Population Haplotype Nucleotide Average number of Neutrality test and significance
code diversity diversity nucleotide difference  Tajima’ s D P Fu’ s Fs P
CO [ ZYL] 0.473+0. 136 0. 000 94-0. 000 30 0. 582 —0. 20 0. 39 —0.21 0. 29
JYGL]J 0. 526+0. 040 0. 000 840. 000 06 0. 526 1.55 0. 98 1. 45 0.72
ZYQZ 0.457+0. 141 0. 000 840. 000 26 0. 495 —0.51 0. 36 —0. 45 0. 24
WZSK 0. 844+0. 047 0.012 040. 003 31 7. 840 0. 54 0.78 3. 97 0. 95
JYGSK 0. 691+0. 008 0. 001 640. 000 34 1. 076 —0.91 0. 47 —0. 86 0. 26
ZYSK 0.489+0. 116 0. 009 040. 003 60 5. 905 —0.18 0. 48 8. 86 0. 99
YCY]J 0. 779-+0. 082 0. 007 840. 003 43 5. 147 —1.04 0. 15 1.75 0. 81
WZY] 0. 795-+0. 060 0. 010 040. 003 54 6. 568 —0. 40 0. 39 2.71 0. 88
YCMR]J 0. 848-+0. 040 0.011 240. 003 25 7. 399 0. 33 0. 66 4. 07 0. 94
41t Total 0. 736=+0. 022 0. 006 840. 001 13 4. 464 0. 00 0. 52 2. 36 0. 67
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43R 4 Table 4(Continued)
HH ﬁ’ﬁ*ﬁ‘;‘ﬁ% BARER Z R &ﬁﬁigﬁﬁ AR T3 22 78 (KO A EP‘TFET@B(E\A .
Gene Population Haplotype Nucleotide Average number of Neutrality test and significance
code diversity diversity nucleotide difference  Tajima’ s D P Fu’ s Fs P
CO I ZYL] 0. 52740. 064 0. 001 740. 000 21 1. 055 1. 83 0. 98 2.70 0. 89
JYGL] 0.49140. 068 0. 001 640. 000 22 0. 982 1.71 0. 96 2. 84 0.91
ZYQZ 0. 533710. 052 0. 001 840. 000 17 1. 067 —0.93 0. 98 —1. 80 0. 88
WZSK 0. 801=%0. 050 0. 014 040. 003 55 8.523 0. 74 0. 54 6. 42 0. 98
JYGSK 0. 42940. 039 0. 001 44=0. 000 36 0. 648 1. 25 0. 88 2.58 0. 87
ZYSK 0. 789=40. 049 0.012 240. 003 86 7.437 0.21 0. 61 6. 16 0. 98
YCY] 0.749%0. 074 0. 009 140. 003 51 5.511 —0. 86 0. 22 3.45 0.93
WZY] 0. 776=40. 070 0.011 840. 003 76 7.162 —0. 04 0. 52 4.59 0. 96
YCMR]J 0. 82240. 049 0. 013 94=0. 003 49 8. 451 0.75 0. 57 5. 00 0. 96
41t Total 0.71140. 021 0. 008 4740. 001 23 5. 118 0. 68 0.70 4. 06 0.93
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Table 5 Population pairwise genetic fixation index (Fsy) (lower triangular) and gene flow (N,,) (upper triangular) between

different Frankliniella occidentalis host plant populations based on CO | and CO ]| genes

A ﬁﬁf{ NG ZYL] JYGL] ZYQZ WZSK JYGSK ZYSK YCY] WZY] YCMR]

Gene Population code

cO [ ZYL]J 9. 52 6. 07 4. 67 inf 3. 29 26. 03 & 15 5. 02
JYGL]J 0. 048 2.48 4. 00 10. 34 4. 02 13, 23 5.43 4. 47
ZYQZ 0.076* 0.167* 4. 14 1. 41 6. 44 6. 13 6.59 4. 68
WZSK 0. 097 * 0.111* 0.108 3.70 inf inf inf inf
JYGSK —0.010 0. 046 0. 262~ 0.118 2.78 13. 07 4. 07 3.92
ZYSK 0.132* 0.110* 0.072 —0. 024 0.152* inf inf inf
YCY] 0.019 0. 036 0.075 —0. 020 0. 037 —0. 003 inf inf
WZY] 0. 088 0. 084 0. 070 —0. 041 0.109* —0. 046 —0. 027 inf
YCMR]J 0.091 0. 101 0.097~ —0.039 0.113 —0. 027 —0. 025 —0.039

CO I ZYL] 25. 840 inf 4, 31 4, 34 5.08 23.91 6.13 6.18
JYGL] 0.018 inf 4. 57 inf 4.75 14. 03 6. 08 5.97
7YQZ —0.051 —0.043 4. 98 40. 74 5.59 28. 37 7.10 7.03
WZSK 0.104* 0.098* 0.091~ 4, 31 inf inf inf inf
JYGSK 0.103 —0.037 0.012 0.104* 4. 21 8.95 5.40 5. 27
ZYSK 0. 089 0.095* 0. 082 —0.019 0. 106 * inf inf inf
YCY] 0. 020 0. 034 0.017 —0.021 0.053 —0.018 inf inf
WZY] 0.075% 0.075 0. 066 —0.043 0. 085 —0. 033 —0. 034 inf
YCMR]J 0.074* 0.077 0. 066 —0. 042 0.087* —0. 034 —0. 032 —0. 044

) * FIRTE P<<0. 05 KR TE,

* indicates significant difference at P<0. 05 level (AMOVA test).
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Table 6 Analysis of molecular variance within and among different host populations of Frankliniella occidentalis
based on CO | and CO 1 genes

CO | CO 11
25 S P I R FEAR L, . [EE R
Source of variation R Sum of Variance R#%;/A Fixation R Sum of Variance XE%:/A Fixation
df Variance . df Variance .
square component index square component index
2 FAE) ] Fer=0.009 6 Fer=0. 009 2
16. 970 0.022(V, s 15. 0. 021(V, b
Among host plant species 6.970 Ved 0-96 P=>0. 05 > 303 Va) 0.93 P=>0. 05
%Iffﬁ%lﬂfmﬁﬂlﬁlﬂ Fsc=0. 032 Fee=0. 017
Among geographic populations 4 14. 265 0.072(Vy,) 3.19 4 12. 481 0.042(Vy,) 1. 76 _
e . P>>0. 05 P>0.05
within host plant species
FFEA Fsr=0. 041 Fsr=0. 027
. 2.162(V. .85 d. 2.29 ® .
Within populations 165 356. 730 62(V.) 95.85 P=0.05 168  385. 267 3(Ve)  97.31 P~0. 05

D Vo Vo VR 245 8t ; For: RIS Fso: AN ARRIFBEEAS S s Fsr: RBENAE S,

VasVy,, V. represent the number of variance components; Fer: Variation among host populations; Fsc: Variation within host populations;

Fsr: Variation within populations.
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Fig. 1 Maximum Likelihood (ML) trees based on analysis of haplotypes of mtDNA CO | (a) and

CO T (b) genes from different host plant populations of Frankliniella occidentalis
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Fig.2 Neighbor-joining (NJ) trees based on analysis of haplotypes of mtDNA CO [ (a) and
CO T (b) genes from different host plant populations of Frankliniella occidentalis
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Areas of circles represent the number of individuals of each haplotype and areas of colored segments represent the population proportions of
a gene haplotype from different host plant species. Numbers beside the black thick line denote mutation steps between glasshouse strain and
lupin strain. Red: Population from Capsicum annuum; green: Population from Althaea rosea; yellow: Population from Rosa chinensis; blue:
Population from Canna indica; black: Population from Solanum melongena

B3 AEFEELEIHEE mDNA CO 1 (a)F1CO T (b)EF 45 MR R
Fig.3 Median-joining haplotype network based on analysis of haplotypes of mtDNA CO | (a) and
CO T (b) genes from different host plant populations of Frankliniella occidentalis
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