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Rapid and accurate identification of Tenuipalpus hornotinus based on

morphology and DNA barcode technology
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CHEN Guang-Hui “>3¥(1. College of Life and Geographic Sciences, Kashi University, Kashi
844000, China; 2. Key Laboratory of Biological Resources and Ecology of Pamirs Plateau in
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Abstract: Kashi is an important production area of Punica granatum L., investigation found that
Tenuipalpus hornotinus is the dominant pest mite that harms P. granatum L. in the region. Upon

literature review, it was found that identification only relies on morphology, and there has been no
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report on the DNA barcode of the mite. Due to its small size and numerous similar species,
morphological identification of this mite is difficult. Therefore, this study utilizes morphology
combined with DNA barcode technology to achieve rapid and accurate identification of this mite.
This study conducted on-site observations, collected samples, and made specimens; observing
under the microscope combined with morphological data, and comparing and identifying
morphological features; meanwhile, genes such as COI, ITS2 and 28S-rRNA were amplified and
sequenced using DNA barcode technology, analyze the obtained sequences and construct a
phylogenetic tree using MEGA7.0 software. Identified by morphological features as 7. hornotinus.
Barcode sequence of the pest mite was obtained using DNA barcode technology. Rapid and
accurate identification of 7. hornotinus was achieved through morphology and DNA barcode
technology, providing a species basis for the subsequent prevention and control of this pest mite.

Key words: Punica granatum L; Tenuipalpus hornotinus; DNA barcode; COI gene; 28S-rRNA
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ik Punica granatum LAEFRIE O 44 2000 Z4E M7 s, S H 5= F ELEE padb i X . il
BT B (BASRIAE, 2003) o BEAE AR FIAE I ATRUREAL, Pk, o e i R AR R
MBI EA (BIATER AR R AR, 2010) , B A& R AR K LE B Bl iR
Dichocrocis punctiferalis Guenée (N AZFEUH) « SR Cnidocampa flavescens Walker. #k
/N0 B Carposina sasakii Matsumura. 4% Aphis gossypii Glovers A1 i 22 & ik Herdonia
osacesalis Walker 118 /Nl Oligonychus punicae Hirst. ¥EZ¥ M Eriococcuslagerstroemiae
Kuwana. {113k Erthesina fullo Thunberg, UL HT B A= X 8 & A (AR 35 S il—n 4
YNl Tenuipalpus hornotinus (SAFEWEEE, 2003; FIAGHS 8 EA - RE/REE, 2010) . XEEE
HUEBIRARRIE . R R AR OAELYE . s R, BESEM LT, Wi E R
WA AR = i, MR RSO

U A 2 25 0 SR & T 06 H Acarina 41 iU Bl Tenuipalpidae 41 20 i J& Tenuipalpus
(Chaudhri, 1971; Rz, 2015) , B XLEEIEERIL, BOAGHS 0 I0AR RIS IR & IRAEHT
SRIIEHAT IR (BAR I A RAE/RZE, 20100 , 04402000 2B ssme AT, RIE A
REFIRE X 8 R A AR B P g (AR e O RAE/REE, 2015) o A R4 4AZg 1 4K
A4 AR, 5 H B A LARER, M 6 AN BRIET . EE 7 A B 2 R
B9, 7 A REIFEEE 3AROF, 8 AR HENGS 4 ORI, G 1 A, Z4hii.
B, RO S5 R, AW S =, . AEANER LIS AT 1
WIS (B 1-A4) o 1E 9 H Frpf)-10 H MR8 S0 e A28 at, Wi, Bl
RIVZIEI G E AN, KRG I, 25 0RO B R S E A A 7 0 A F R
W, AR 7 s R, SO R Bk, R, RS E (BT
IR RAEIREE, 2017) o

WA, K 290~330 pm, AR 190~200 pm (& 1), PIIR A a] WE) 20/



Mo FA, WRER SUESOR, PORRZY, SRR, B 13 4. WHMATE, AR
e, BA3MNEE, RS, 3MEHE, 6 EME, H 1 KR, LR NN
B EHDGH, REEEAERSERE S, W DEND 4 X528, BIESHLE.
(Chaudhri, 1971; FAAT#ERSEJUAR-REE/REE, 20105 TRz, 2015) o

RN A A0 25006 T DA FH 5 55 A= ) 25 70 2R T, 1.8%le 4 B 2 FL, 10.5% B 4 - ki R
FLIER ST%MRF L 4 2GR TR IR (BIARE e A RAE/R %, 2017) o HAJRAZEAR
[FJIF S 5 985 B A B 45 1) 24 i A MR 2, 977 L R e A% B g e R AR A, FE AL 30
R BRI 7.5 % SR PR MR D L WG AT R TH P A B TR R (BT A R vl AR
IREE, 2010) , (HAL B v M AS7E T 75 8 A B 0 F 247388 S = A= L 2 Pk (BT A R e R - R
, 2017 o BRALEEIAESN, BRI 9 H BrRR-10 HEFEBL, e A 2 DA
e P T SUTE IR R ARG R4, mT LA ad I Py SR AP 1R 7 NG TR T B A, R
W, R HRAIAPT, 510 AIR-11 A%), BECFREIRS (FAR#w LA REER4E,
2010) .

R Gi oy J8 5 e R — MR R A 071k, BAR BHEAREAR K E, AL Ed
FL A& AR FOG R R AR AR 21 (O NI R B, 2013) , (H 5 52 SR [F] -2 [7) () 7
ASARME, X T A e RS, AR BT RS S RHE, ARG RHE W] B fE S
—FEE K E W B LRI (R AT, DRt S B A B R PR (Sparagano et al., 2020) .
[FJEF B T 24 A0 25U A AR /N, PR LA T W, 0 RS R0 i bRl ER — e MERE,
A% ERE AR E, HB A HIER, WA D MR BRI PR, S8R AT
AN G MG ASRAAE , W %58 3 Lol A IR R 50 (RE R A4S, 2013 B EHm, 2014),

LG RS e JERA 4 DRI RRYE: TR i R iR 2 24wy 48 v A
AR TR AT BE 2 S EUR IERA BRG] 25 5 RS —RERRAE Bl TS S RO R E A
B BRI A R, VF 2 AR DA IR R R TR IR s AR ER AR, B0 5
HILRA . TR T8, RIS FEARXF AT S MR, BRI HE
YL 2 SR IX R, PR AN L e B AR 2 RE M SRR A AU T B . DNA barcoding
HINEE K3 2K Paul Hebert B {XE& Y, FH T80 A) (AR EBLIX IR AP I R B, &M
HFREH 31 AHRRELEE CRE%, 2013) . MHETRESE A7 ELLWEER
AR . DNA KR HARFMER ML e A&, v LUHEIRAN, YRR e
B 10 4 5 4R L T 07 O A 4

AR BT R (R 0 R 2 — o WEAT SR ML X D S X, e R IR E M AT
Wz —, AR A4 250 v 1 T B S B R IR P R e 2T X A 4 B0 £ R R AN
By 18 E JE W . B A IE A T A R AN A4 250 R A e R - R AR %, 2010, 2015),
LR AT 0 A AU A 4025106 DNA 25 TR R e (RIE « AR 1EiZ B KT AL e, P
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A7 HoA], e AR AR, 7 TR I g, S DNA 6 TEY
A LAEAZ B4 5 AL SR G S0l 14547 465 5 0L RPRE T 24, 9/ A Jim KR A A A i ok
edrai s (PR JUAR - R8RS, 2010) -

| RS

11 FENHFEE

AR BT JERE SMZ25) « & HMEMEMESE (327 Discovery 2.0) + FfJE PCR 1%
( Biometra TProfessional standard Gradient Thermocycler) « &4l (MiniSpinplus) + R
2% (IKA MS3 digital) - 1HIFAX (HK100-2) . /KFHE3k# (Bio-Rad) . HLIKIX (JY1600C).
K 34X (BioRad Molecular Imager Gel Doc XR+ &t it R40) %%
1.2 ARBINS M AR E MR

JUAE T WA b L AT 5228 K £ (E76.083193°, N39.524095°) 53 K i &
(¥ CRZRAR AR SR . PRAFAIHIAEY |, SREEWAS NS, B, B a4 gu 2
BB R, Breps, Rt s, —MaHTREYMEE, SIEEN, HRHEER
AR T K SRR T -20°CA VR IRAT, S S it (i F
1.3 #RAHIE

S EWIRATE CRIES) SR AT« B2 IREH TR bk, ANEE
e EX — Sk 52 B I RO B T IRV o FE A OISR, e R R LA, RRRRIUE, 45°
iRt By, R IO, BT R 2 i A RIEEE, BT 50°C
BEFHLR BT, FRICAR IR s B I BB O, T R RE Sy &, T, %
5T, HRRORAE

FE IR (Hoyer’s medium) FLE: BIRAMIR @ Z81080K @ /KE&BE © Hl=3:5:20:2
1.4 E[FH DNA 2BV EfRF 18
1.4.1 H:[FZH DNA f2EL

BN 45 A0 2506 76 2K B K B G 2~3 3, BB 10 min, ffi A TAKARA 77 & 52 H DNA.
1.42  H:P B PCR 1

R WA OGS e BAT V0, X2 X517, AWy ik f R r, REHRE 4
XF 51 )R] BT R HR AL DNA 3T H I By 38, 26 ia i G IR vk 3 3872 . 5141
M 1), Hd COIF4 LCO1490 / HCO2198,28S 514 28S-F / 28S-R K [ 3k % % (Simon,
1994; ZE[E K, 2010; Kamitani, 2011; BROGHESE, 2023) , 28S 5|#) Raoiella-28Sp1-F /
Raoiella-28Sp1-R, Tenuipalpus-28Sp1-F / Tenuipalpus-28Sp1-R & H] Primer 5.0 %% )
PIXTE 51 B S E B B TR AR AR & . i PCR P14 25 pL 14
%, Raoiella-28Sp1-F / Raoiella-28Sp1-R, Tenuipalpus-28Sp1-F / Tenuipalpus-28Sp1-R &7



Fi&: PCRmix 12.5 uL, #EHK 2 uL, 51404 1 uL, PCR N AFEFF: 95°CTHAE M 5 min, 95°C
4 30 s, 45°CIB K 30 s, 72°CHEMH 1 min, 7535 35 ¥k, F 72°CHEfH 6 min. LCO1490 / HCO2198
FiGfHE: PCR mix 13 puL, R 3 uL, 514)% 2 uL, PCR RNAEF{#H touchdownPCR,
95°CTIARYE 5 min, 95°CAEE 30s, 65°CIBK 20s, 72°CHEMH 30s, 55— IRKMEH 15 K, K
TEIFIB SR E BRI 2°C, FEBHE 55°CH L PCR 1E3F 20 ¥R, #¢J5 F 72°CEE{H 6 min, 28S-F/
28S-R &l fH & : PCR mix 12.5 pL, #AR 2 uL, 51##& 1 pL, PCR /N #E 7 H
touchdownPCR, 95°CTiZE: 5 min, 95°CAZE: 30s, 65°CiE‘K 20s, 72°CHEfH 30s, ZH—IK
PEFR 5 IR, BRRAEIR R KR FE RS 2°C, P E 55°CH M PCR fEH 30 {X, 72°CIEAH 6 min.

B 1.2% K3 E M BEAR, #-WRHL PCR =4 5 uL HIIK AR S5 R, B scimm. ik
FE 3=, AR YR BB, A EHU IR . T OB A B AR A F
PCR 7=k 47 BUBE AU T -

=1 SIMREEER

Table 1 Primers and their information

A 519 Fr31 S5 3R
Gene Name Sequence References
Col LC01490 GGTCAACAAATCATAAAGATATTGG Simon, 1994; Kamitani,
HC02198 TAAACTTCAGGGTGACCAAAAAATCA 2011: BEGHESS, 2023
ITS2 CASS5p8sFe TGAACATCGACATTTYGAACGCACAT .
MRS, 2020
CAS28sB1d TTCTTTTCCTCCSCTTAYTRATATGCTTAA
28S-rRNA 28S-F AACGAGATTCCCACTGTCCC
K, 2010
28S-R GCCTTAGGACACCTGCGTTA
Raoiella-28Sp1-F GTGTAGCTGGAAGGAGAATTC
Raoiella-28Sp1-R CTTTCGCCCCTATACCCGGATCTG

fF it
Tenuipalpus-28Sp1-F CGAACCTAGACACGGAGATAGTCC

Tenuipalpus-28Spl-R~ CTTATGTCTCTTCACAAAGTCAGAC

L5 FIIHELIBR S FRENITE

FIH SeqMan & &M TR IIEE T 5, HPHERM IEREE. DL TXT # X ARAAEPHE T
R PP A1, #E NCBI Wi BLAST Wb AT o 4 [RIVEVE HLBL, I T 8078 o 2 AR ABLRE S iy ()
B AEBh T AL 23 I MEGA 7.0 THEAZ BRI AT % ;. BT Kimura-2-Parameter
BT, I NJ (Neighbor-Joining) VEMEL 7> T R G, 1000 JAEHAS T RGER 5 imIH
24 B (5/KF (Bootstrap confidence level, BCL) MIE R . F GeneBank ' _Ff& I [ ¥ 5
HIRBUE 5

2 HBREDH

I AR A AR R K T, AT TR LB SR AR RO LT s, WA AR I T 2



MR R, AT Sl AR 4 ANBY B 8 R B A e AN R B B 44
AT G RR IR o O AR EIRALE, BERDE, REDGH, MHTAEEHRE (&
1-B) . %l fRERAE, K 133 um, 3502 (K 1-C) . i iiAE A ER
K, ATHIMARK 153 um (B 1-DD , Ja AR 259 um, K/NSERARIT, & FiEA RBT
bt (B 1-D2) o MERR: AR, WHMEE, AK 272 um (B 1-E) o 4R
RERFFFIDRAS, BTS2

0.1 mm
ww §z°0
ww z'o

D1 D2

B 1 A2 5 i BURHAE
Fig. 1 Characteristics of Tenuipalpus hornotinus
e Al A2, A3, CRERMUBIRIOE T A4, MALEREE FOREME T B, 9 C, 40i: D1, D2, #: E, Bul. Note: Al,
A2, A3, Photos taken on camera; A4, Collect using Nikon SMZ 25; B, Egg; C, Larva; D1, D2, Nymph; E, Adult.
AR R N MRS MG B i A DL E o[BI 1V 22 AH AR, 020 25E
IEAHAT EE SR K], WK AT R NI 2 A gy (B2, &
% (WATHR LI A-BU/REE, 2015: FRZ5, 2015) S ZRAIHEIA K JCAb STk A A Ll 0




W, T ALY, SRS R, RAIAE, U3, TR 3 X e dls
el, ELHEME, BHME 5~6 % e3. 2. 3. hl. h2, HFXFTEME h KHER (B 2-B) ,
AR AT AR TR 5 AR A (B 2-C) SRR JLAR AR LU S 50l o AR SUIA AT, B R E,
AR AT T EA M R4, B seo WFEENR, HME 6 %t e3. 2. 3. hl. h2, Hr
BN E h2 KHER LA NIER (K 2-B) , & B3 BHNEL AEERIBRER,
& EIEBHARIEIR, B u BONBPIR (B 2-C) , BEMCH S0 SARUR % 5. &5t
RFAE S5 K VRan st A (LR .

Zi{& Gnathosoma

i A
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Ja itk
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0.1 mm
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P 2 Gn A 4 2500 M S 96 7 25 5 A TR
Fig. 2 Female adult of Tenuipalpus hornotinus
W A, BREBWSKAZ MBI B, FLESURTIE (va, A0E: se, WE: o, B—XNEPE: o HE: dl,
BoWETE: d3, BXEWE: el, BEXEDE 3, FOWNENE: 2, FEXWEWE: 3, HUNENE: hl, BA
WEME; h2, FHEXAEME) 5 C, FLMREERTE (1a, 1b, lc, 2b, 2c, 3a, 3b, 4a, 4b, IV E; ag, HHATE; g
A5G psl, H—WILE; ps2, B MILE: d, 2 LEHEE: L EEME: v, 2EEE: ft, LTS ps 2 LEiHE: u
J&_FJIK=E) . Note: A, Under the microscope; B, Dorsum of female (v2, Vertical; SC, Scapula setae; ci, First dorsocentral seta; ¢, Humeral
seta; d1, Second dorsocentral seta; d3, First dorsolateral seta; el, Third second dorsocentral seta; €3, Second dorsolateral seta; f2, Third
dorsolateral seta; f3, Forth dorsolateral seta; h1, Sixth dorsolateral seta; h2, Fifth dorsolateral seta); C, Venter of female (1a, 1b, 1c, 2b, 2c,
3a, 3b, 4a, 4b, Ingtercoxal seta; ag, Aggenital seta; g, Genital seta; ps, Pseudanal seta; d, Dorasl seta; 1, Lateral seta; v, Ventral seta of leg;

ft, Fastigial seta; ps’, Proral seta; u, Unguinal seta).

22 EERFY5H
221 FHEREFIIRE S &0t

R 1.2%M B IR FEAERE, BU S pL PCR P=WiEAT HIVK, FRfS2&ariami. JoaEkr s tEy 1
=4



3 PCR W2 AR/l
Fig. 3 The result of PCR
7: M, DNAmaker; 1, ¥4 COZER 7B (514179 LCO1490/HC02198) ; 2. 3. 4, ¥ 19f) 28S-rRNA HEF FBL (51453 5
4 28S-F/28S-R. Raoiella-28Sp1-F/Raoiella-28Sp1-R. Tenuipalpus-28Sp1-F/Tenuipalpus-28Sp1-R) ; Note: M, DNA maker; 1, Result

of COI sequence PCR (Primer: LC01490/HC02198); 2, 3, 4, Result of 28S-rRNA sequence PCR (Primer: 28S-F/28S-R .
Raoiella-28Sp1-F/Raoiella-28Sp1-R. Tenuipalpus-28Sp1-F/Tenuipalpus-28Sp1-R)

¥ F A3 7 S 4E SeqMan HRS G HfHe 8 25 P {5 5 55 A1 EE B0 XI5, 153 P 1y BUK (R
2), PRI FHIE MEGA 7.0 it BAZ R AE A%, COI. ITS2. 28S-rRNA J7 41 it
AL AT BidE & 8 GC BRI &5, Hrh COIFFAl, AT &EE M, AT S8 77%,

TN 23.1%, FFETIREIMERAAZERA GC & EBARMR S GRS, 2007) .

2 ZEBINEST

Table 2 Nucleotide usage frequency statistics

= sl IR/ EA S FHKE (bp) AT HELE AT &E (%) CGHE%)
Gene sequence Primer name Sequence length ~ A/T content ratio AT content CG content
COI LC01490/HC02198 607 0.64 77.0 23.1
ITS2 CAS5p8sFc/ CAS28sB1d 594 1.07 61.8 38.2
28S-F / 28S-R 612 0.82 60.0 40.0
28S-rRNA Raoiella-28Sp1-F / Raoiella-28Sp1-R 819 0.88 56.4 43.6
Tenuipalpus-28Sp1-F /882 0.91 53.6 46.4

Tenuipalpus-28Sp1-R

222 [AVEF A IS AL IR RS

a0 A-4n 2 AS [F] 2L R 7 81 78 NCBI A EEXT, PL Max Score B&EFFHERF, N #EARIEAIE
T EIFA, R B A PR R R e A R RIS 5 (3R 3) , @il MEGA 7.0.0H 5%
YRR FE B . T4 7 S AL 82.05~95.11%, BALEHE KT 0.05 (£ 4-%8) , & T
LRI A BE R N WAL TP R 1y 91 22 S i bt (TSR, 20190, B 5045 A0 A & T [ —4)

filre
%= 3 GeneBank 15 Tenuipalpus hornotinus COL. 28S-rRNA FFE FFHH X B85 HiiE
Table 3 Partial sequence associated with the COI, 28S-rRNA of Tenuipalpus hornotinus in GeneBank
EIk VB REMERS ERFH OMUE EHE A 44 FHIE & 5
Primer name Obtained Gene name (%) (%) Species Similar

GeneBank No. Identity ~ Coverage GeneBank No.




LC01490 /HC02198 OR736736 COI 82.71 99 Brevipalpus sp. MG458829.1
ITS2-F/ITS2-R OR737889 ITS2 90.20 17 Dolichotetranychus sp. KU553300.1
28S-F/28S-R OR737886 28S-rRNA 85.87 83 Tenuipalpus pacificus AB287405.1
Raoiella-28Sp1-F/Raoiella-28  OR737887 28S-rRNA 82.05 99 Raoiella sp. JF928445.1
Spl-R
Tenuipalpus-28Sp1-F/Tenuip ~ OR737888 28S-rRNA 94.63 93 Tenuipalpus pacificus AB287405.1
alpus-28Sp1-R
28S-TRNA 95.11 77 Brevipalpus sp. KY922070.1
R4 WSS 4 #lE COIREFHIERMIRILIER
Table 4 Genetic distance between Tenuipalpus hornotinus and other 4 mites
¥)Fh Species Brevipalpus sp. Raoiella sp. Brevipalpus yothersi Raoiella sp.
Brevipalpus sp.
Raoiella sp. 0.20
Brevipalpus yothersi 0.09 0.20
Raoiella sp. 0.24 0.17 0.23
T. hornotinus 0.22 0.23 0.22 0.24
£S5 WAMAES 3 M 28S-RNA EEFFI 1 [BREILES
Table 5 Genetic distance between Tenuipalpus hornotinus and other 3 mites
YiFh Species Brevipalpus sp. Tenuipalpus sp. Tenuipalpus pacificus
Brevipalpus sp.
Tenuipalpus sp. 0.36
Tenuipalpus pacificus 0.77 0.84
T. hornotinus 0.28 0.35 1.01
&6 WMASMMIES 5 Fhid 28S-rRNA EREF5I 2 [ERE LIRS
Table 6 Genetic distance between Tenuipalpus hornotinus and other 5 mites
PiFh Species Tenuipalpus heveae  Tenuipalpus acificus ~ Brevipalpus othersi Brevipalpus sp.  Raoiella sp.
Tenuipalpus heveae
Tenuipalpus pacificus 0.10
Brevipalpus yothersi 0.20 0.16
Brevipalpus sp. 0.20 0.16
Raoiella sp. 0.14 0.09 0.11
T. hornotinus 0.05 0.07 0.14 0.22
R 7 WASMAS 5 i 28S-rRNA EEFF 3 [BRIRILES
Table 7 Genetic distance between Tenuipalpus hornotinus and other 5 mites
WiFf Species Tenuipalpus pacificus ~ Tenuipalpus pacificus ~ Brevipalpus sp.  Tenuipalpus sp.  Tenuipalpus sp.
Tenuipalpus pacificus
Tenuipalpus pacificus 1.17
Brevipalpus sp. 1.26 0.06
Tenuipalpus sp. 1.25 0.07
Tenuipalpus sp. 0.02 1.06 1.09
T. hornotinus 1.28 0.07 0.06 1.12

=8 AMIES 2 Fhi 1TS2 EFEFFIEMIREES

Table 8 Genetic distance between Tenuipalpus hornotinus and other 2 mites



Yy# Species

Dolichotetranychus sp.

Dolichotetranychus sp.

Dolichotetranychus sp.
0.09
1.35

Dolichotetranychus sp.

T. hornotinus

223 RGHAK R

FIF MEGA 7.0, %:T Kimura-2-Parameter %, F NJ (Neighbor Joining) V244 %7+
KRG, 1000 RIGFE TR Gom 45 sl B 28 B 157K T (Bootstrap confidence level, BCL)
(RS . %8 (T hornotinus) 5 Tenuipalpus sp.+ Tenuipalpus heveae. Brevipalpus sp.
SIINRRE— N33, (PRI AEER R, TR S E A3 36 HE T UHI W 5 A g TR
IEAMEXS ITS1. ITS2. Cyt-B FER P HIEAT 1438, (HARHE B — R 5 (1) ITS1 A1 Cyt-B
FE3, T30 B v A e Bt /b, E NCBI UL RS 2 & 3& 19 R E 1, e 1

ARG

100

sp. ( MG458829.1)

Brevipalpus yothersi (MG458838.1)

¢ Thornotinus (OR736736)

puSgpit

Raoiella sp. (JF928427.1 ) FEZUHE sp.

Raoiella sp. (JF928432.1)
EHHR sp.

B 51 Tenuipalpus sp. (KY922069.1)
4‘ YR sp.
inus(OR737886 )11

* T.hor

R 2t

Brevipalpus sp. (KY922070.1) 524:4)8 sp.

Tenuipalpus pacificus (AB287405.1)
g aeipil

Tenuipalpus heveae
(HM070333.1 ) HR4I508)R

* T.hornotinus (OR737887)
Uit

Tenuipalpus pacificus(AB287405.1 ) A -2 4050

99

aoiella sp. (JF928445.1) % FUJ& sp.

|—Brevipalpus yothersi

0.02

(MK293682.1)
‘Brevipalpus sp. (MK875164.1 )
FLLEWEIR sp.

51 B!evi[mlpux sp. (KY922070.1)

i ﬁ LR sp.

81 * T hornotinus(OR737888)
- pulR vt

100

Tenuipalpus sp.(KY922069.1 )
AR sp.
Tenuipalpus pacificus (AB287405.1 )
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0.1

| krrmss
Tenuipalpus sp.(KY922069.1)
LR sp.
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Fig. 4 COL, 28S-rRNA gene NJ phylogenetic tree of partial species related to Tenuipalpus hornotinus
7E: A, COIZ|# LCO1490/HCO2198 ¥ 1 7 41| 7E NCBI A EL X (AHSSFF 1) B, 28S 514 28S-F / 28S-R §”
B4 7 B 7E NCBI A LEX A5G FE51); C, 28S 5|4 Raoiella-28Sp1-F / Raoiella-28Sp1-R 3™ #4 JF 51| /£ NCBI
EEXT AR SCFA; D, 28S 514 Tenuipalpus-28Sp1-F / Tenuipalpus-28Sp1-R 31 /5 41| 7E NCBI 71 Lb X ()46 5%
FHl; ARSZUGREA H o475 . Note: A, Relevant sequences aligned by the COI primer LCO1490 / HCO2198

amplification sequences in NCBI; B, Relevant sequences aligned by the 28S primer 28S-F / 28S-R amplification



sequences in NCBI; C, Relevant sequences aligned by the 28S primer Raoiella 28Sp1-F / Raoiella 28Sp1-R
amplification sequences in NCBI; D, Relevant sequences aligned by the 28S primer Tenuipalpus-28Spl-F /

Tenuipalpus-28Sp1-R amplification sequences in NCBI; Our sample was marked in solid block ¢ .
3 HFig5rhie

Chaudhri (1971) & {AE R E A I 0 A- 40 25088, - B A7 #8 e Jo AR - R A RS (2015)
TR aE A BT % v B HTIE A, A SO A R A T A T A SR TEAS AR
Xof FEF G 3 M IR 56 0 T AR 2 T B DA FE RIS AIE , R 12 35 006 58 5 A AR A 4 4 5
0, [N A5 3] COLE Al 41 ) DAAE 9 sk 4 52 404> 415U ) DNA 6745 .

WG K%, SRV WS ZIE A, WEHARKEBAK,
S35 CRIE) IR AT, A3 AR 2 e WL G2 W 200 15 %ok HE o A7 0 e JO AR - R AR
2 (2015) MR (2015) Fifiik 2 BRI A AR LU FO 40 15 RRAE REAT %80 o I IRAR, Zi
TH, AT B SRR A e B AN AU R, AR TC O T R, (RBES, . IEI .
& b B HB AR S RAE 78 AT T G a4 A 2506 o 3 45 6 93 T LE W5 T BUIM LURR 78 A
E: ASCENM 4 %5514, Horb 2 x5 BATROHRE 51 H T-57 38 28S-tRNA B 751, 4
HLPKOT 3 3 = ) A S T, R S MEAR B8, AT RS  H AR R, SO R AR B 2
X5 51973 3 T4 15 COL.28S-rRNA F: A 741, 7 PCR #2F7 H) Bt 1 touchdownPCR
DA B3 SRr S PRI H 80 o A5 B RRZ IR PP 51U AE NCBI Wl EUXS, N 8 RIVEAH I 7 51 24T 43
B, B AR ANBAEAL G5 F A E AR, WK 20U Tenuipalpus pacificus TETE
S5 A AnZrs AR AR AL, AE AT DUIE D NI RERI IS 2R 8 DX A

AT TEHE T TEAS A0 DNA S5 TEADHE A A7 88 14 240 250 1) PRI HE R 25 7€ . 37153 T COl
FE IR P 4 AT DA R DRuisk 46 5 U A 4025056 1) DNA TR 00 90 7508 o Fh 112 S5 09 10 5 0 0
W SR ARAE T i Ak AR BT, TR S O R B SRR, T A SR S
AR, T H BT EELCRA N, AR T AR R R R R . ik, REE L
T AW 7R A A0 250 Ja 1T ST AR AR T A R0 A e A RIS 9 TR B AT R
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Characteristics of Tenuipalpus hornotinus and similar species
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Family and genus names
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Description and comparison of morphological features
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A 0
Tenuipalpidae

J&
Genus
AT 25 5

Terminalichus

N 235 e

Ultratenuipalpus

By )
Aegyptobia

JEL 20
Brevipalpus

o E
Cenopalpus

AU )
Phytoptipalpus

Raoiella

i i

Dolichotetranychus

Jr

Pentamerismus

A 2 )
Tenuipalpus

K 200~500 pm; A2 RIRLA (G HHMERIE . MK BIE, &S~ R FEEEH
FRPEwm, o @R A WURM,, RBESUR AR B EA TS REUBURLR 5k
Body 200-500 pum long; body mostly deep red; in dorsum view: pear, oval or circular, dorsum and

venter flat highly; integument sclerotized highly; integument striae reticulated in some parts of the

genus; integument striae with granular and verrucate protrusions or not

HHME 2 AR AE

Differences between genera
HHAMEE: TETE: H0E 40
In dorsum view: oval; not dorsocentral seta;
dorsolateral seta 4 pairs

UK 475 HOE h2 KPR

Palpus four-segmented; dorsolateral seta h2 not
flagelliform

HHME T : UK 599 WHENE 4%

In dorsum view: oval; palpus five-segmented;
dorsosublateral seta 4 pairs

T TH VL0 B T st B . 75 06 h2 AN 2 AKRHEIR
HRABEA A

In dorsum view: oval; dorsolateral seta h2 not
flagelliform; opisthosoma not contracted

HH AR EHEME 1A SR A G 7>
B

In dorsum view: oval; dorsosublateral seta 1 pair;
separation of ventral and genital plate
HTBEE : U S 5 WHEME S5 %)

In dorsum view: oval;, palpus five-segmented;
dorsosublateral seta 5 pairs

HHRETE: WHEME 4 5

In dorsum view: circular; dorsosublateral seta 4 pairs

HTHEE, & RBURLR TG WEME 1 %
In dorsum view: oval, with granular protrusions;
dorsosublateral seta 1 pair

5 45 IEE M 2 X

Palpus five-segmented; dorsosublateral seta 2 pairs

PRELE, WA, WS N T 2K 3 71

20 ) 22 R E

Differential characteristics of Tenuipalpus
HIHWAIE: R 3N S 6 X
In dorsum view: pear; dorsocentral seta 3

pairs; dorsolateral seta 6 pairs

ZUE 3 A5 E M h2 KHRIR

Palpus three-segmented; dorsolateral seta
h2 flagelliform

HHMALTY; U3 ¥ TLHNE

In dorsum view: pear; palpus

three-segmented; not dorsosublateral seta
HHWRE: HME 2 2REER: R
Wi

In dorsum view: pear; dorsolateral seta h2
flagelliform; opisthosoma contracted
HHMRAE: TEEME: RAEEHAEH
W5 A R

In dorsum view: pear; not dorsosublateral
seta; fusion of ventral and genital plate
HHEMWELTE: FU 3 1 BEHEME

In dorsum view: pear; palpus
three-segmented; not dorsosublateral seta
HHMATE: TEENE

In dorsum view: pear; not dorsosublateral
seta

WHMATE, BT TEENE
In dorsum view: pear; dorsum and venter
flat highly; not dorsosublateral seta

i 349 BIEEME

Palpus three-segmented; not dorsosublateral

seta

JBE 1A R 3 A WS 6 X, h2

KHER: TEFONE: RN AN AR AR

In dorsum view: red, pear, flattened; palpus three-segmented; humeral setae 1 pair; dorsocentral seta

3 pairs; dorsolateral seta 6 pairs; h2 flagelliform; not dorsosublateral seta; opisthosoma contracted;

Rz, 2015

Xu et oal,
2013; Beard et
al., 2014; Xu,
2014; Bl Aii 4
A R E
R 2015,

Rz, 2015




Fif

Species

SRUELRZN (HED
Tenuipalpus jianfengensis

(female)

LB (M
Tenuipalpus lineosetosus

(female)

FEANZUE CHED
Tenuipalpus disparilis

(female)

BREEAN U Ot
Tenuipalpus clematidos

(female)

AN O
Tenuipalpus aurantiacus

(female)

Al i O
Tenuipalpus

zhizhilashviliae (female)

fusion of ventral and genital plate

ARABLR 22 SRR AL

Differences between specifications

AETE A B2 AT B RRS, A%
P EA R ) 2680 5 24475 T JL PR
B, WONRARI B8 & R EE T
EIN

Subcapitular seta 1 pair; dorsal integument striae
reticulated in the middle of propodosoma, anterior
margin and lateral sides integument striae linear
irregularly; dorsal integument striae reticulated in the
middle of hysterosoma, lateral sides integument
striae linear irregularly; ventral seta tibial of leg
plumose

AOTFE L BEEALR: BMER 2 AK
HERIL AR AEAR: BT BN EE AR,
JNE u ARIER

Subcapitular seta 1 pair; dorsal seta linear except the
h2; dorsal seta and lateral seta of leg funiculate;

unguinal seta u setal

AR LR TR A8 T o s B AR A 4
Ja 2P T P O AR PR AR . BB SRR
NIEAR

Subcapitular seta 1 pair; dorsal integument striae
plicate irregularly in the middle of propodosoma;
dorsal integument striae reticulated in the middle of
hysterosoma; unguinal seta of leg plumose and setal
ARTE A HWE ST BT R
RPLL, PRI R B

Subcapitular seta 1 pair; dorsolateral seta 5 pairs;
integument striae transverse compactly in the venter,
lateral sides vertical

AETFE A B2 A T g W 4% W 2
g0 LA EFE KRR 5B seo AIERR;
Ja AT TR FIRCR ;S0 h2 KRR
AR

Subcapitular seta 1 pair; two longitudinal integument
striae obviously in the middle of propodosoma, with
fused reticulated between the striae; sco lanceolate;
dorsal integument striae reticulated in the
hysterosoma; dorsolateral seta lanceolate except the
h2

MEEHE RS 1 HER s LMEimAR
RE 10

Subcapitular seta 1 pair; dorsolateral seta 5 pairs;

R4 20 50 72 S REALE

Differential characteristics of Tenuipalpus
hornotinus

Tol s B AR TS T E SR (8 4
2 EIEEBIANIER

Not subcapitular seta; dorsal integument
striae

plicate  irregularly in  the

propodosoma; ventral seta of leg setal

T FE; HE v s ANEIR, sl
BRAPERIR: FIEER h2 N KERIRIL R
MISER; 2 T BB ot ik
EPIR TR u AR

Not subcapitular seta; dorsal seta v, and sci
setal, sco narrowly lanceolate; dorsolateral
seta setal except the h2; dorsal seta and
lateral seta of leg narrowly lanceolate;
unguinal seta u funiculate

T s HI AR T B AU AR 4

JE B JREB AR

Not subcapitular seta; dorsal integument
striae plicate irregularly in the middle of

propodosoma; unguinal seta of leg plumose

THTE: HE6xXT: L
Not subcapitular seta; dorsolateral seta 6

pairs; venter smooth

T B B AR T B RE 4
B sco NIRIETIR: FOIERR h2 KHER
HRILAONRIEIR

Not subcapitular seta; dorsal integument
striae plicate irregularly in the middle of
lanceolate;

propodosoma; sc; narrowly

dorsolateral seta setal except the h2

TATE, BWEN 6 & LTSN
ZIEEXN

Not subcapitular seta; dorsolateral seta 6

Baker, 1945;
BRI RS
>, 1977; Ma
and Yuan,
1980; T E%,
1983; i ff &
&5 2014; i
mo# W g
AR AE IR,
2015;
2015

"=,




BranZilg i)
Tenuipalpus taonicus

(female)

A& (e
Tenuipalpus platycaryae

(female)

K P a8 0 i D
Tenuipalpus pacificus

(female)

AWMANE O
Tenuipalpus hornotinus

(female)

ventral seta of leg plumose 1 pair

BENE R TR A T o e F A P RIR 5
T s MIEPIR: T0E d3 WIBAK, e3, 2, f3,
hi 4EHR

Subcapitular seta 1 pair; dorsal integument striae
reticulated regularly in the middle of propodosoma;

scz lanceolate; d3 setal; €3, f2, f3, hl lanceolate

HHTFE R 158 seo ARERIR: T90IERR h2
KEBRAN LR IET IR 2 EH BAE T
R

Subcapitular seta 1 pair; scz lanceolate; dorsolateral
seta lanceolate except h2; dorsal and lateral seta of

leg lanceolate

B AR 5 va FI sco FRBEHIRAN sco FEBEERIR

UG RIS, TR

In dorsum view: oval; v2 and sci narrowly
lanceolate, sca broadly lanceolate; gnathosoma wide,
the top sharp

GIRESIA

pairs; ventral seta of leg setal

T s B AT T B ARE A
B seo NIRIETIR: FOIERR h2 KHER
SILAONRIEIR

Not subcapitular seta; dorsal integument
striae

plicate  irregularly in  the

propodosoma; sc> narrowly lanceolate;
dorsolateral seta setal except h2

THTFE; HE se MRBER; HME
B h2 KHER AP ARONRIEAR; R EHWE
F B2 6T B AR IR

Not subcapitular seta; sc; narrowly
lanceolate; dorsolateral seta setal except h2;
dorsal and lateral seta of leg narrowly
lanceolate smoothly

HUANELTE; BE va, sci A sca WIFEIR;
Bl

In dorsum view: pear; v2, sci and sc; setal;

gnathosoma short

BB T RAMURES: HE 1 X B8 35, Hd 2 b 9RIEAR 1k

BECR: SRR BRSO o 0, Hrp h2 KEPRE R AINIER: IEHDEH: 21
B BLONRBEHR, R LIEEA 1 X BRBERIR, JERIGNIRIR, B BRIV KHPR

AIBRIEET IR BRI

In dorsum view: pear; dorsal integument striae plicate irregularly in the propodosoma; humeral seta 1

pair; dorsocentral seta 3 pairs with two setae and one narrowly lanceolate; dorsal integument striae

plicate irregularly in the hysterosoma; dorsolateral seta 6 pairs with setae except h2; venter smooth;

dorsal and lateral seta of leg narrowly lanceolate, narrowly lanceolate ventral seta 1 pair; tarsus seta

flagelliform and narrowly lanceolate; unguinal seta plumose

. ARSI R TERL 8. P AFRH . Note: Our sample was marked by A.
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