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ZERPE S FhZE DNA £EBSH
Bl XX B MBS ALT

w2 RE%? FEF’ FRE K B OkEmRTT

(1. EPERHEIREABE, 68 6770005 2. =gl KFAEYIRI A, B 650201 )

i E [HM] 50 DNA KB RN T2 B AW & DR 285w T Tk, B R FRA Y
] L ORIAFIEE, Sk M v A5 DX (L S8R0 1 sh 2 2R R L i s g it i ki . [ ik ] iz
R ET R, JEREREA, YD LORR CO T FEBRFF, J3Hr e S B R a5t 4% 1 55
MAGEEKFR; RS SRR 2w G V8 2% X i SRS 1 AR & A shs it i . [ 6R ] xER4&E
B 3 399 SKETD BRI TS, L 3R 19 8 27 B, &4 FIF LIRSS 27 FIET A 54
% CO T PP, FXFpaBEEE R A 0.269 2, FNBEIEES N 0.007 7, FhaIFIF N 5 1% HE 25 47 7E 9
WAIEIEER, W REE T TR SRS EE SR8, B DRRD SN —Fh . g
ZPAR RIS 8 SR ISR, AR T8 = 2281 5 Lefroyothripslefroyi it 2, S 401) 81.26%;
ZERHIORY I 57 1L 4] Th Mycterothrips gongshanensis & AE BB & Z, 5 BB 76. 63%0 BT L1 k] S AE 2
IRRAIX ELE LA, AASISETUER], 55 1 GNBIE 4 HPAZE 5 HPa), 2 miirE 9 A LaE
IOHLﬁ [&ig] HT4hifk COT MM DNA 2 ﬁ/ﬁf&&ﬂtTﬁxﬁlﬁﬁ?mWﬁu%Klﬁlﬁ'*%%%o I
AT X AW A 2 RO L % A B0 B 22 04 43 ) ) — B2 S 0 53 1Ly W] o, MR 3 1L ki) 2 1 R A % 2B B
A, R OB LAETE 2 H N AR 8 AR AR B A B SR
K@ AW #D; DNA KB, 8 Mtz

DNA barcoding of Yunnan tea plant thrips and investigation
of the dynamics of the dominant thrip populationsin the
Lincang tea-growing area
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YANG Jian' ZHANG Hong-Rui*""

(1. West Yunnan University, Lincang 677000, China; 2. Plant Protection College, Yunnan
Agricultural University, Kunming 650201, China)

Abstract [Objectives] To analyze the feasibility of using DNA barcoding technology to identify tea (Camellia sinensis)
plant thrip species in Yunnan, clarify the dominant thrip populations on different parts of tea plants, and monitor the population
dynamics of this population in the Lincang tea-growing area. [Methods] Samples of tea plant thrips in Yunnan were
extensively investigated and collected. Mitochondrial CO I gene sequences of different species were amplified, and their
inter- and intra-specific genetic distances and phylogenetic relationships analyzed. Finally, the five-point sampling method was
used to investigate the annual occurrence dynamics of dominant thrip species in the Lincang tea-growing area. [Results] A total
of 3 399 adult thrips specimens were collected, which were classified to 27 species, 19 genera and 3 families. A total of 54

CO 1 gene sequences of 27 species of tea plant thrips were obtained by molecular sequencing. These had a mean interspecific
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genetic distance of 0.269 2 and a mean intraspecific genetic distance of 0.007 7. There was an obvious barcoding gap between

inter- and intra-specific genetic distances. The results of a Bayesian phylogenetic analysis were consistent with the results of

morphological identification; each monophyletic branch corresponds to a single species. Most (81.26%) thrips on tea flowers

were Lefroyothrips lefroyi, whereas the majority (76.63%) on young shoots were Myctorothrips gongshanensis. Myctorothrips

gongshanensis occurs annually in the Lincang tea-growing area and has two annual peaks in abundance, the first from

mid-April to mid-May and the second from early September to early October. [Conclusion] DNA barcoding technology

based on the mitochondrial CO I gene can rapidly and accurately identify tea plants thrips. The critical period for controlling

Myctorothrips gongshanensis in the Lincang tea-growing area is late February and late August when the population begins to

increase.

Key words tea plants; thrips; DNA barcoding; dominant species; population dynamic

RN TR IR, PRSI,
FRGEIRF 5, Iz Ashe AR SR H A SRR,
HARFFEMRBHIE, Hh25% H Thysanoptera
Bi—# S E ARz kA, HfaFEHiE
JEE, D s 2 EA X EELE SR
Z— (MES, 2017; @iEHES, 2019; Z20H4%,
2021 ), i Eh 285 B DL RK R AT HURE T AR i
A 0 2 I 5 Ak B R SR T s i A, 2
W A I AR T, 35 BLZE I BB A | R
. WHE G R SISE, TEIH fk R K
T CERETES , ARG A 17 5 R T (2%
A, 20215 WFHE2EE, 2021), MHTH KoM
o5 bel ) By b 2 py e A 2 A b T XK,
Ntirenganya ¢ (2020) ¥4 1 P4 XU 4N dh i B
= R OB Bt 7R 1 45 Fel S b el Sh A 3
RIT 5 ) 8 R s LA (2017 ) Xm ik
M R AE A e (i RS AT T R, AT 6
Pl Ty BB SO (2017 ) A =R A ) B2
bel i il 5y, 05k T 5 MRS o [H = 2SR AR T
BUK, ZRREMER, ARG, A8
RACERE ST, AU/ XS e AT I A AN A 4
o f&FE AR A A2 ARZ, Okada F1 Kudd
(1982) icsk T HAKE 42 Fhijth, G545
#ij & Scirtothrips dorsalis. 2 f#% & & Thrips
hawaiiensis. ##ij t T. flavus. (%% & T. coloratus
S5 BRI (1987 ) il 1 FRE kb 18 Fii 1,
fIAE L] T S, dorsalis, 25 M & Dendrothrips
minowai . B K] T T. hawaiiensis, # = 224
Lefroyothrips lefroyi F18k:# ffj 45 i 25 Haplothrips
tenuipennis % . PRI SRS | Rkt o HL

KEZ, ERIFhZ B FRIE SO AL, X%
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FERORE B AP 26 5 S A RCTB . B
WANE A Z 55 F ] DNA SIS H AR S 5 i
FRAIOAESY, EERFIR IR TR CO 1
L) DNA FRIERSE AT DU T A R Fh 28 i)
P YGRS E (FREIRAE, 2012; BN,
2014; Iftikhar 5%, 2016; Tyagi %%, 2017; 467
£14%, 2018 ),
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T 3 X 25 i I v A D D A SRR Y 2 AR Bl A
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A RN RS 5 B R, T
MHEDXHIZR . B PE . b, PPASE e 1 ARASH,
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50 mL B R, AR BHRRAS AR AR I 18] A
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B S REA ST BIVE T 75% RS TR AR AE , F T
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TR 51404 0.4 uL, TaKaRa Ex Taq (5 U/uL)
0.1 uL, 10 x Ex Taq buffer (Mg®" plus) 2 pL,
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5 RUBORET , BERTREALEER 10 2828 (1 25 2
) PR AR S R, AR AR R, e
7 S5 IR X e it el £ o BRUREREHT 4 5 F B4R AT
FOIET, AW N, FUOTA kA, H
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A UM B R

2 GR59H

21 FWEDMEANRRMABRT

ARV T =B G S BP9
SEZSR BRI P 11 T, B, R
3 399 Sk#ij i brA, SR E, RET 3
BE19 8 27 v, HrhFEZs i fE bR LR 2 B 3 &
6 PPt 1174 3, FEASHIBORS R A3 3 F) 18 /&
23 Fpd 2225 3k (%1, R 2). SRR, X
BEAE D, 8 5 R = S5 @ i — 528 R AR i
%, DB 81.26%, s 5 Thrips hawaiiensis
W2, R 12.01%, /TS T. flavidulus
B, SR 0.43%., FEZSHEIBORS I, #iD
Bhg#] R ot s kAR E, el
76.63%, TEFT IR AW IR X B4 734 5 Hak
2% AR % & Dendrothrips minowai , 5 H N
6.65%, IAERGTE . BIFIX | dhifg B Rnsh s B

43 DCORAE R s LA, sl i) 4 6 2 Haplothrips
tenuipennis F1 2% B Aifi i) I Scirtothrips dorsalis
SRR IR By E B S SRR, o S
f 3.82% 1 3.42%, PSHFEEE] S, 18
MG, KRR, BT E . BFX . BiEE . &)
Vg ERTEL BT 7 A XCRAE 2, 1 4% 2 0 ] 2L
TETHE L BB Sl B R RF] 5 7E
AP o3 A D, AT A R AR B 1 i
Scolothrips takahashii 1 f# £ % & Aeolothrips
fasciatus 2 PSS, 235l AR RFERY 0.09%
H10.27%.

22 FWEG DNA KBS

221 COIERWEAMRRTSE AFRIIR
AW E D Co 1 RHFH 54 %, /ET 3 F
19 J& 27 Fh, Hrh o SR 18 1 FdL 3 22055008
663 bp, & AL 13 J& 21 Fhik 43 255518 660 bp,
bR 5 & S Ak 8 57418 651 bp( GenBank
S . MZ882400 - MZ882453 ), FIJH MEGAX
B E LR A, ol s iR L B .
BRERZE L2 T B BT A 7 5 LLXS B U1h 663 bp
IGE— B, K2 51 o RS 0 281 4>, A8
A7, 382 A, Hp 245 BT 367 4, H—
AR S S 15 A4S AR A B A R B 57.62%

K1 ZHEFHEEDSMERLILH

Tablel Speciesand proportion of thrips collected from tea flowersin Yunnan province

8] L2k o (k) ditt (%) KA A
Thrips species Number of thrips (ind.) Proportion (%) Collection sites
i T SERE )R WD 954 81.26 X, SOTE, RPKE,
Thripidae Lefroyothrips  Lefroyothrips HFEX, THE, #4545,
lefroyi BB, EhEE, R
B b ) i 141 12.01 X, P, s e,
Thrips Thrips hawaiiensis g E, BT
K B 2 L 53 4.51 R, R
Thrips andrewsi
0] 9 0.77 G, BB
Thrips coloratus
UANGE e 5 0.43 REPIX, a8
Thrips flavidulus
] R B ShE O A A A 12 1.02 I, RORE, THE,
Phlaeothripidae Haplothrips  Haplothrips i E ELEAT

tenuipennis
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R2 ZEHEFRBEHE DMK L F]
Table2 Speciesand proportion of thrips collected from tea shootsin Yunnan province
Th;i s species Number of - Proportion CollectiOI{ ;;tes
PS Sp thrips (ind.) (%)
B R} W] £ DLW 1706 76.63 IEFHIK, BULE, RUKE, BEPIX,
Thripidae Mycterothrips Mycterothrips gongshanensis THE, 54, SR, ShigH,
BT, &R, BWm
JEIR A HLGH] T 23 LO3  mAX, #hifEE
Mycterothrips nilgirienss
Refg] S BRI Hy 76 342 pRE, B, il
Scirtothrips Sirtothrips dorsalis
] T g UNEE e 25 L1200 s, RURE, BEPIX, B
Thrips Thripsflavidulus
FERE#T T Thrips palmi 7 031 I&FX, BTH
JHE] 5 Thrips tabaci 18 081 IfEFALC, RURE
PN T i R 19 085 @i, W
Megalurothrips Megalurothrips usitatus
S S 2 IR 5 022 IEFLC, SR
Chaetanaphothrips  Chaetanaphothrips orchidii
A3 T SMe S 3 0.13 4V
Trichromothrips Trichromothrips fragilis
T b PRt o 2 009 EW
Scolothrips Scolothrips takahashii
R A 148 6.65  XUTHE, BFX, dhigd, dEE
Dendrothrips Dendrothrips minowai
Dendrothrips sp. 34 1.53 mhiEL BT
PR ] 2 TR F 16 072 ImFAIK, BIfGEL, Bhigl
Heliothrips Heliothrips haemorrhoidalis
T ] b ROt 8 036 @NEE, Bhfg, &F8
Helionothrips Helionothrips annosus
PARBRATUE ] 2 009  FhiEE
Helionothrips shennongjiaensis
SEABOE TR 13 0.58  EhfEL, EhitgE
Anisopilothrips Anisopilothrips venustulus
FEETR L IR gy 8 036 IEFIX, BUPIX, @bl
Astrothrips Astrothrips aucubae
S Rt S8 ] 6 027 IEFX, BT
Acolothripidaec  Aeolothrips Aeolothrips fasciatus
EERTET i A7) ) R DS i 85 382 mFAK, RURE, BT, BEPIX,
Phlacothripidac Haplothrips Haplothrips tenuipennis iR Ehig e BEHT
T DR Liothrips sp. 9 040  Fpifpl, RWIT
Liothrips
CEAFHT)E Karnyothripssp. 6 027  &VH, #high
Karnyothrips
PREFRT LS Xylaplothrips sp. 1 0.04 Falliiazn
Xylaplothrips
MR8 T i TR 8 T 5 022 @NEE, BhifE

Ophthalmothrips

Ophthalmothrips miscanthicola
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A FHNGERT AL T, G Bl C ERSHH
30.8%. 39.4%. 13.6%F1 16.2%; A+T &&4i5E,
H70.2%, G+C &N 29.8%, SR A/T
e o
222 BEEBEASH L K2P B ARE
o CO T P8I AIFh N A s AL BE 25, 27 NFPS
I 54 K75, Hpfg o FhEREARECN 1, H
RFNBEEARBCN 2-5 4~ SEIREW, ZEWE]
CO I AP FE R 0.119 4-0.449 2, -
YIRh AL IR 85 0.269 2, Hirpog il s o
Mycterothrips gongshanensis 5 J& /K 7 Hi ] &
M. nilgiriensis Z [A] (Y35t f% FE B B /N, i 0.119 4;
W 80 & Aeolothrips fasciatus 5 2 iR 45 #ij 2
Ophthalmothrips miscanthicola 22 [i] i) i £4 1 25
R, H0.449 25 F AL B 0.000 0-
0.039 9, “F¥RNELIER R 0.007 7, Hr
SE4T#] 5 Anisopilothrips venustulus, 4% &

Aeolothrips fasciatus 17 4 i 5 J& [ Liothrips sp.

(R PR BB /N, O 0.000 05 /N7 HEH
ThrlpsflawdulusEl"JﬁF‘V\]iﬁf?ﬁﬁ%‘?ﬁ'ﬁjﬁ, N
0.039 9, A4 CO I Rl Kt il £ (4 b i F
Fofr ] P35t A A3 % oA BT RT L (L), ARy

140

m F P Intra-species

1201 m Fli[E] Inter-species

100 |

$578 Frequency
o0
S

(o)
=]
T

40t

20

LR B Y/ N TR EE AL PR R, AR WY 2508
i [E] Bt ( Barcoding gap ) -
223 ETRZZEMBMFMEE DFEA
R 2R /Nl Empoasca onukii Y CO T JF
51 ( GenBank % %% : MH631469 ) fESNEE, H4
HAEWET S CO I EEFMIIM T RGE R EW ., 45
SRR, ARWRTE 27 DI SRR DL 3R
B SRR 27 s (B 2) o NRGER
FE, BRIV HWEH SRR — 103,
MR G HEAR B e o1 ok, Bl 30 8 0 H ) S0
LB FE] E BRSO 5 — Ko S R G
Har i, YWEA R SRR (BP=1 ), &SR,
4] T 7 BRI 8] 5 R i — A K 32, 5
P RHE AR IR G 2 5 B i) 27 R 5 R AR
SIAE AR, BB SRR, (H ] SR
i T &% 5 Scolothrips takahashii M P #E43
h, NERRR, EH S UFPENRR, SRE
] AP BRI OC R o 1Ak, (W] —J@ AN [F] A
KRN —L, waiSjE Thrips. Bk & 5 )&
Mycterothrips, #&%ihJ& Dendrothrips F145 i
L J& Helionothrips J& P YA [ FP 234530 5y
B SCHRPRIIE M 3 (BP=1)

[
2 4 6

8 1() 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46

SRAEFES (%) Genetic distance (%)

E1 EFcol

Folmfh Rt EEEEEmES R EAE

Fig. 1 Frequency distribution of intraspecific and inter specific pairwise genetic distances
(K2P) for theCO I sequences of the 27 tea plants thrips species
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1, Thrips andrewsi MZ882430
Thrips andrewsi MZ882431
L, Thrips hawaiiensis MZ882436
Th;jﬁs. hawaiiensis MZ882437
1, Thrips palmi MZ882438
Thrips palmi MZ882439
1, Thrips tabaci MZ.882441
Thrips tabaci MZ.882442
0.8 Thrips flavidulus MZ882433
0.96  1[_Thrips flavidulus MZ882434
Thrips flavidulus MZ882435
Thrips coloratus MZ882432
Lefroyothrips lefroyi MZ882416
efroyothrips lefroyi MZ882415 Thripina
Lefroyothrips lefroyi MZ882414 pinae
Mpycterothrips gongshanensis MZ882419
Mycterothrips gongshanensis MZ882420
L Mycterothrips gongshanensis MZ882421
Mycterothrips gongshanensis MZ882417
Mpycterothrips gongshanensis MZ882418 o
Mpycterothrips nilgiriensis MZ882422 Thripidae
Y Mycterothrips nilgiriensis MZ882424
Mycterothrips nil%,iriensis MZ882423
Chaetanaphothrips orchidii MZ882404
Trichromothrips fragilis MZ882440
1, Megalurothrips usitatus MZ882425
Megalurothrips usitatus MZ882426
1Scirtothrips dorsalis MZ882428
Scirtothrips dorsalis MZ882429
— Dendrothrips minowai MZ882409 Dendrothripi
Dendrothrips minowai MZ882408 endrothripinae
0.88 | Dendrothrips minowai MZ882407
1, Dendrothrips sp. MZ882405
| Dendroth ips sp. MZ882406 .
— L—— Scolothrips taka}:ashii MZ882427 | Thripinae
1, Anisopilothrips venustulus MZ882402
Anisopilothrips venustulus MZ882403
Astrothrips aucubae MZ882400
Astrothrips aucubae MZ882401 Panchaetothripi
Helionothrips annosus MZ882410 anchactothripimae
Helionothrips shennongjiaensis MZ882413
1,Heliothrips haemorrhoizflllis MZ882411
Heliothrips haemorrhoidalis MZ882412
Aeolothrips fasiatus MZ882443

1 'Aeolothrips fasiatus MZ882444 Aeolothripid
Aeolothrips fasiatus MZ882445 colottitipicac
Haplothrips tenuipennis MZ882446

L[\ Haplothrips tenuipennis MZ.882448
0.9 Haplothrips tenuipennis MZ882447 Phlacothripinae

Tubulifera Liothrips sp. MZ882450 .
~] ] ~{ —Liothrips sp. MZ882451 Phlacothripidac

1 Karnyothrips sp. MZ882449
h

Xylaplothrips sp. MZ882453

L Ophthalmothrips miscanthicola MZ882452  |1dolothripinae
Empoasca onukii MH631469 | M Outgroup

0.95

0.96

Terebrantia

~ | b

0.10
B2 ETCOIRIMEMNENEIIMEANNAMHTRELER
Fig. 2 Bayesian phylogenetic tree of tea plant thripsbased on the CO I sequences

YIFh44 2 )5 GenBank 55, DURHAR 2> 32 BJ7JEoR T AU AR (BP) > 0.8 HYfH.
P AL = 2 X LR T OSCA BRI 1 AR 2.

The species name is followed by the GenBank number. Bayesian posterior probabilities (BP) >0.8 are indicated above the
nodes. The Chinese names corresponding to the biological names in the figure are shown in table 1 and table 2.

23 FEMMIDRAME EDE M. 12 AR, FRERCREN LS, 4 ]
A AR oy sty TR S TR, RSN ST RN
I Mycterothrips gongshanensis, Hoff i & 2 ghids RO, R 4 1 28 FKEIRG, O

WP 3 Bk, ST 2020 46 1 A 12 A 283 /S0 M, S TR S TR, REREE S
P R, A, FhEE g 2 MR, 9 A BAE 10 A BA), sl
R R A B S TR R A e Wi b & AR AR A R, SREAE 9 18
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150+

L T Ay 18 (Sk/50RS )
Number of Mycterothrips

i3

gongshanensis (individuals/50 shoots)

e | . . . . T R 1

— i 8 Adult number
350} —=—4%1 & Nymph number
—+ M & Total number

DA O NP E L AP D D D P DD DA NP AP D A0 N0 P S D A Y

NaVo TNV IINIY, QLN VST NS
PIFTIFTFFHFIII I EE

QAP FITFF R WYY NYY

W H# ( H-H ) Sampling date (month-day)
B3 RUKESEZEIESXFRBHEOMELENS

Fig. 3 Population dynamics of Mycterothrips gongshanensis on tea shootsin Lincang, Yunnan
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R BB 2 FE R (Li et al., 2017; i
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1994; FREAESE, 2010 ),
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FRAARET L, FPREECRE AR K, 3 &2 5
AARZ T LT, KR, A FHRZERKEB
R, AT A AR AR R R A,
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Frr, N RN O AT, SRR AR TR
HERHY), 7 2 A N A 8 A N AR ERECE IR L
THI, S R ICE 8 2R & DA TR iR Z 5, a0
ST UCRAE NS , A K R, el Fh AL
Hy RADVERS, SRR AR AU | n
i B 22 8 TR A s BRI PEAR 24 (B
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& KB Agquariuspaludum (Fabricius)

BB R (min) 2 H (Hemiptera ) BIEFF ( Gerridae ) A, BIERHR HUZKAERH,
WAR KR, 2T 500 F, FRECHFZEA 60 28, FRIE KBS 2P EE ILWMLZ— B
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