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The genetic analysis of two-spotted spider mite Tefranychus urticae geographical
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Abstract: In order to study the population genetic variation and genetic diversity of two-spotted spider
mite Tetranychus urticae in Gansu Province, 582 T. truncatus samples collected from 35 sampling
points in eight different habitats of Gansu Province were analyzed based on mtDNA-CO/ gene sequenc-
es and by using DNA barcode technique. The results showed that there were 336 conserved sequences,
66 variation points, 45 parsimony informative sites and 21 single mutation sites in the sequenced frag-
ments of 424 bp in length; the (A+T) content was apparently higher than (G+C) content, with an obvi-
ous A/T alkalinity bias. There were 16 haplotypes in 35 geographical populations with a haploid type
index of 0.906. According to Mantel test results, no significant correlation was found between genetic
distance and geographical distance. The genetic differentiation index (%) among 35 geographical popu-
lations was 0.012, and variation was 1.200. The results showed that the heritable variation of 7. urticae
was mainly from within populations, and there was no obvious genetic differentiation among popula-
tions.
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T BEM U Tetranychus urticae Jg Wi Bk i il
(EETRFIR, 1986) , & —FhE 2 A 06, BRI 45
B ST R ARAESE 240 B 1 100 AP LA
— B FE Y (Grbic et al.,2011) , iZHINE L& H
D EaE B (X T AR SE,2003) , 2 Hodv
Bibn e AL B S 3 W, AR5 o 35
FE R EIH S 2 TR SR E S i AT
SR

mtDNA J& FA% 20 il v — e v v A 10 25
Ui, SRR, e RSB R I YAk
Wb AL 28 s EWIR ISR GO &R (R AN A Y
RGKE bt Kb PR E Z 8l RGEC R M40 F T
H(ZEE K, 20105 % 5#HS,2015) . LbiiA 2t
YA B SR A A AR S e
{5 B o mtDNA 73T 4510 &7 5, 52 )™ A% A B R gL,
MR, SRR To IR P91, A e
JF G RN B — P LA R T H s R 4 A%, PRI
YA R o hRic B, B AR a1k 2R IR Y
L X% (Zouros et al., 1994) . H DNA SIEMSHE &
B4 ) LK (Hebert et al., 2003) , DNA 5B 54 A&
Z BN AW 3 A U DG, SRR 4 (3R A
PRI FE I(mtDNA-COD B AR sh e n) 2 5%
AP, B T 5L R B B AR RS o A [
WAz IR (B 55 ,2012) o EEHAY mDNA K
/KT 514~1 613 kb, 345 12 5 13 Gt 2 11 5T
B SN £t I RS N TR S TN S o RS [T ) s RO R PR RTITE 33
Iz HFAFES R ICZE IR _E o RG22
(Moritz et al., 1987; Gray, 1989) . It 4}, mtDNA -
COI B K8 T K SR BSAE R R 7 R 234k, 8 0k
SR REIE AL S A KT X AR Ao %) SF 5t b i A 7
#E 1l (Toda & Murai, 2007; Rugman - Jones et al.,
2007;2010), Navajas et al. (1998) 347 1 3k [ 4 1iF
G 15 A X ) " BEH R mtDNA-COTHE R 22
SEEE IR T R KB, RIIX 15 ASFRERT DLy
SR 2 FE A £ ; Hinomoto et al. (2001) 38 17 L3 FE
TE IS B i ¢ (8 BRI 21 (5 B 1) mtDNA-COI
FLHF S R R T =35 A [l — > Fl s i 4
(2006) |l mt DNA-COI3 5T & B E 134~
B - b PR B SRANE S LA 12 R R &%
KRB, R A SR 2 OC R B, U B s
FENTREFH HL LI G A . Ros & Breewer(2007) i
5% 3¢ B BET 0 B [C I Tetranychus kanzawai
FIEIE M Tetranychus truncatus £ 1 8 —Fh N 2
SRR B 73 2 AR AT BB T HAE RS Y .

HT, A H R B i & Kk
TE, A SRR b K 35t A 3 A Tl AU A 4108 , B
T, AHFSE K H mtDNA-COIE: RAE R4y Fhric,
NGT -7 B AR BE A3 BT H R A B AN [ b
P 00 oA 35t 4% B pifieast 1% o34k, USSR WA T
B BE IO e R AR
1 MRERE
1.1 w8

AR A . —BEH T 2016 4F 6—9 H R H H
A ANV : BT (3 NFPHEE) LRI (5 ANFREE) A
AT (AAFREE) (BT (8 ANFIEE ) TETAT (5 ANFIEE)
Yoy C1ASFIEE) 0T (5 AFIRE ) S B VT (4 D Fp
), L35 b FRAP B AL 582 MFEA . FEACREE)S
P AT R A T JOK S H T 1.5 mL
BOET, FH

TR S AN : STE 22 itk (7% 100 mmol/L NaCl,
10 mmol/L Tris-HCI, 1 mmol/L EDTA, pH 8.0) .
10 mg/mL & [1 /i K . Goldview 11 4k}, Ll B H 1%
FEPRS ] s RTag 1 K PCR A SR A, F A TR (R
i) AR 7] ; DNA Marker, b 2 SR
R\ 7] . PowerPac Basic Hi K1Y . Gel Doc EQ #¢ ik
A% % 58 .S1000™ Thermal Cycling PCR 1Y , 2 [
Bio-Rad /A 7l ; Nanovue #% iR ¥ & I % 1%, 3¢ & GE
Healthcare 2\ #)

1.2 Ak
121 % DNA®#R

A DNA B2 802 % Gomi et al. (1997) J5 ¥ If
AR . F 1.5 mL &0 HA 25 uL STE ZZ o
IR LB T ok L1008, BRIBGHT fif RS — B -l o
BT B U A8 N, ST BT SR S PR RIS | TR s
B BT UK, B INA 10 mg/mL 8
fitt K 2 uL; 10 000 g & .0> 2 min J5 , T 37°C P&
30 min, 95°CHIEA7EME 5 min, —20°C &1 RAE 4
1.2.2 PCR¥ 3%

AR 5 il T 16 RE 5 M 51 ) (Navajas et al,
1996) M\ B I 5 2 Ki & DNA ) COI JE 5 4 3
M1 B4s3bp M HM B, L5l :5-
TGATTTTTTGGTCACCCAGAAG-3'; FiiE514):5"
TACAGCTCCTATAGATAAAAC-3', 5| ¥ ¥ iy 4k T
A TR () A FRAF A

50 uL PCR S i 1A % : DNA #4474 uL . 10xBuf-
fer 5 pL .25 mmol/L MgCL 5 pL . 10 mmol/L dNTPs
4 pL.5 U/mL TagDNA 475 0.4 pL . 10 pmol/L I+
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FE5144% 1.5 L .ddH,0 28.6 L., PCR S 2
94°C A 1k 5 min; 94°C A2 30 s, 51°CiE & 1 min,
72°CHEAH 1 min, 335 AMEH 5 SAEAH 10 min, 4°CHR
f£. HUPCR W4 5~9 uL, TEHREE K 1.0% (5505
BHEERE 1 1) 60 V FLHFELYK 30 min, A TEHAIA,
1.3 EIESH

FIIH MEGA 7.0 A% 53 A 4% H TR T L 2H L ik
FEAY AR S 5 ARV 5 5 (I DAMBE (4L TNO3 dis-
tance HIRIRL IE B A& HE B MR AL bR , DA B 5
PNARBR , Xk REM-d 8 COLIE TR F BEAS I Bl 3 AR
T ANE 5 7% F Kimura 2-Parameter B8 | % F 8% /L)
SR (maximum likelihood, ML) ¥4 & R G #4 , 5% H
Bootstrap 1 000 YK A5 5 73 F Gi i 45 70 > 1) B AR
& 5 K DnaSP 5.0 Ge i1 B35 RUE H Sz H B % 5 >R
FH NetWork 4.0 F2 74 g A58 1) A I 4% 1] 5 >R FH
Mantel Test 73 B 15t 1% 5 25 15 Hb B 25 08 A0 5GP 5 7
H Arlequin 3.5 F A TR ] 19 40 Ak 48 K (F) O

HEAT A T2
2 HERESH

2.1 mtDNA-COI FH LR REEESEST

MSE T HIRE 8AAZSIX 354 - iy PR,
(1) 582 ¢ mtDNA-COI FEHJFF , i B 80 424 bp,
H RS9 336 4, A8 T 661, R 2915 B AL
450~ BGE AR 210 B4 B G LU (R 3,883,
Bl A T.C.G ¥ & 515 0 31.90% . 43.80% .
10.37%.13.92% , A+T B 12 (75.70%) B . i=5 F C+
G W5 & (24.30%) , RWIA BB A B R A . LA
Hrp AR H VR A PRAESEA T LB B, Kt H_ 1~
H_164t 16 1~ A AL SRS AR50 0.906, 448
DX B G B AR S o A 25 R R L 7E 16 R
R H_ 1A S A i SR 2 L Bt 7 1k, 43 A
TSRS, b ERBPAER, B AREEA
20.00% (1),

R1 HREASESK B SR EDR

Table 1 Haplotypes of Tetranychus urticae in ecoregions in Gansu Province

FEER

HEAS Xk ) o4t
) Population H1 H2 H3 H4 H5 H6 H7 H8 H9 H 10 H 11 H 12 H 13 H 14 H 15 H_16

Ecoregion Total

number

B A 3 1 1 1 3

Shule River

JR 5 11 1 1 1 5

Hei River

FaE ) 4 1 1 2 4

Shiyang River

T 8 1 2 1 1 3 8

Yellow River

THT 5 1 1 2 1 5

Wei River

Wil 1 ! !

Tao Rive

) 5 1 1 1 2 5

Ching River

IR 4 1 1 4

Jialing River

471 Total 35 1 2 5 1 1 1 1 5 7 2 1 1 1 1 35

LtA5] Proportion (%)

2.86 2.86 5.71 14.26 2.86 2.86 5.71 2.86 2.86 14.26 20.00 5.71

2.86 2.86 2.86 2.86

22 HRETHMEEERENEEXR

F ST mtDNA-COI FE R (1) — B -1 4% B A%
BRI A B SR B A AR R B3Ry 4R
e TRHE A AL T AFPEAAE AL S35 H 2 H_ 11,
H_12 H_13; R B i ih 31 4 B o A5 80, 4300 R
H_1.H_6.H_8.H_10; FJH C rf H 8 3 Fp i #4 ,
5 H 3 H 4 H_7; REM D & 3 Fh o fh

L8 H 9 H 14 H_16;H 5 FIH 155858 —4
AR —3Z, Forb H_4 H_10 FTH_11 4 4k
BT IR0 5.5 TR (1) 6

PN 56 22 486 Neoseiulus californicus (%5355 .
KP642059.1) A1 #4113 (K B i Tetranychus kanzawai
(8 37 :1X094373.1) VE A, 74 1 mtDNA-COI
HAETIRNI REER AR (1 2) , 455K, 351 b
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PHAREE A 164~ B0 RIIA 55200 6 37, K53 6 1~ 26
O3 SO RS RIS EE A B.C.D . EFIF, ZEHEA S
A 3FPEAAE AL SHEB B A 3 A AR G 2 AN
GIFR VA RHE, B AR 34.29%  E/F C

A ATP AT SR E SR 4 BB S D IR
EF A5 A VD ERAG AL, 2250 5 SR A M 2%
KR4 R —E

B HRE SR & B R ) B4R
Fig.1 Median-joining network of haplotypes of Tetranychus urticae in Gansu Province
B H_1~H_ 16 2 S5 AL, A R 5 1B i R/ NS B BUR BE H s mv I~mv1 1 s ] BEZEAE 4 5. H_1-H_16 indi-

cate haplotypes in the figure, and its area indicates the frequency in a haplotype; mvl-mv12 indicate possible mutational sites.
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Fig. 2 Haplotype phylogenetic tree of mtDNA COI gene sequences of different Tetranchus urticae geographical populations

in Gansu Province using maximum likelihood method

2.3 HRETHMHARE IR E AR EES

V) P-distance ff (55 45+ 55id6 ) Fy il , 540 (Ts)
FE (Tv) 43 51 R PN P, 04T B IR 2 48 o
OINT BESRRI Ts T Ty A LRI Y SE 2 DI
AR, AT AEA T A . DAH RS 3
M6 - b ER R PR 1] 1138 £ B A 1 H: UPGMA 2%
B 3) , 45 Hi R R B] 179 352 1% B 25 7€ 0.001~0.025
ZIALIYG G E) (PLOEBD) (WX (SCE) (GL(
) JY (i) DX CGEPE) LX(IEE ) HX(FH) |
WD (R INGET) TW GEIE) F ZY (T30 Rt
WL R I BY (4R ) JC(48) .GZUR

M) LIX (X ZE0E) JQUI S ) \WW (2B MQ( R
) A ZN (IE 7)) PP s A% 5C R, AR FhE
(T8 1 B PATHAEE o W 3o A I 2 5 b 3L 2 ) A DG
PEVEAT Mantel K30, 45 5% W, AHOE R4 4 0.0117
(P=0.2482) , & B R E ] A a4 18 25 5 b BRI 5
R
2.4 HREZHMHARRMIEBEMEEE S
R ZBEnT 625 R AE ] ) 35 15 A3 Ah FE R
H-0.371~0.167 , B B3 #1101 5 4 =F 0] |8 ) ) 5
T T 5 g B U A T S A AT S Pk
] A7 2T 5 5 B VAR AR (] 1) 35 4% 0 fh 48 4k Pl Bt
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K (0.085~0.167) Fh , HARFNHE] (1) 35t 1% 73 A5 5k P
R AE AR /N (R 2) , R B HEAR ) A 0B 2 1
L k.

S FIRE T T AMOVA 2347, 45 58 s, 354

i B0 18] 1) 35 1 20 AR AE B R R 0,012, B RE (] 22
S0 1.200 (5 3 ), 5 B A 158 12 28 5 =
TR A TR AR, b ) oK A A ) i gt A 7
A .

95 Y

100
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100 ——GZ
80 1Q
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B3 ET mtDNA COIE Ry it B i &t 2 UPGMA R E
Fig. 3 UPGMA dendrogram of different Tetranychus urticae geographical populations in Gansu Province

based on mtDNA COI gene sequences

ZL: IR JYG: s PL: Fiat; WX SCE s GL: il JY: ¥5iC; DX: &P LX: Ik ; HX: #E; WD: il
IN: §75 TW: il ZY: 5K BY: HER; IC: &8 GZ: JRM; LIX: XI5k JQ: iR ; WW. itil; MQ: R#h; ZN.: 1IE
T GT: ff3; YM: KI5 SD: tifh; LT: ;5 QC: Pd; DH: U IT: 51485 LZ: ;5 TC: 5 & LinT: Ifidk; XF: 7§
W WS #il; TS: KK YZ: i, ZL: Zhuanglang; JYG: Jiayuguan; PL: Pingliang; WX: Wenxian; GL: Gulang; JY:
Jingyuan; DX: Dingxi; LX: Linxia; HX: Huixian; WD: Wudu; JN: Jingning; TW: Tongwei; ZY: Zhangye; BY : Baiyin; JC:
Jinchang; GZ: Guazhou; LJX: Liujiaxia; JQ: Jiuquan; WW: Wuwei; MQ: Minqin; ZN: Zhengning; GT: Gaotai; YM: Yu-
men; SD: Shandan; LT: Lingtai; QC: Qingcheng; DH: Dunhuang; JT: Jingtai; LZ: Lanzhou; TC: Tanchang; LinT: Lintao;

XF: Xifeng; WS: Wushan; TS: Tianshui; YZ: Yuzhong.

3 g

AWFFE LA mtDNA COIFER R T H w58 7 H
A 8 ARV AGE IS A 25 X ) 354 5kE Il Hhy B
B AL R 45 S R, 35 ANt BRFR B 571 L
AR AR LR , 2R B H oA 48 B il A ] A
St mt DNA-COITH), i M B Fp EE RS AN 5k <
TERRAE MU ERIREE S5 T 1028 1k, COTREA PP Hil 7
RAEGEAR JE T BRTHIRHIARZE S 7). 7635/ Hh

FEFPHE RN 2 16 A5 , B 5 BB N
WAL Z R 35 AN M BRFPRE Y3845 o AL FR B Fu
0.012, i R ARFENA] 25 53 54 1.200, 156 BH 358 -l 114 3%
157 S TR [ T MR N, M BRAREE E)A R A
AR AL A . X T RES HORN A M PR SEA
XK, HN A RN HIE R A TR AR 22 B0k, AU Al 5=
BB RO 2E K, KRR SSR AN, il RE (1S — B
A PR (] R b B s i A= o AR 4R
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R2 HRE ZHIM SRR R EE S HIEE

Table 2 The F\ values of different Tetranychus urticae populations in Gansu Province

it By ]

A1

B THT P E) R AT

Shule River Hei River Shiyang River Huang River Wei River Tao River Jing River Jialing River

Ei 97 Shule River 0.000

AT Hei River 0.000 0.000

£72£3] Shiyang River 0.092 -0.083 0.000
Y] Yellow River 0.090 0.029 0.065
57 Wei River 0.058 0.010 0.085
ki Tao Rive 0.000 0.000 0.167
12T Ching River 0.058 -0.033 -0.022
BT Jialing River 0.092 0.030 0.111

0.000
-0.063 0.000
-0.371 -0.500 0.000
-0.002 -0.023  -0.125 0.000
0.032 -0.022  -0.111 0.035 0.000

R3 HRE-HMHHESHEBEMBEENS FHEDN

Table 3 Analysis of molecular variance among different Tetranychus urticae populations in Gansu Province

AR SRR o R Rl A SR A AR5
Source of variation Sum of squares Variance components Percentage of variation
FpHEE] Among populations 7 3.300 0.005 1.200
FPHE N Within populations 27 12.100 0.448 98.800
SR 5 Total variation 34 15.400 0.454 -

AT IS ZE FIAFR B, BRI 5 A 20T b ]
SE R CINE N CESE A - P S ST Kb - I ate S S
PRI A 2T 5 5 B VT b R RE 1] 4 35 £ S AL 5 %k
Fu 38K (0.085~0.167) 41, Hoe Jit 3k by B RE (B 5 11
AL . ATRER JLANER S —, Bl TR
A 5 70 e ok TR o 19 25 5, PR 5K R AR 25 F A AR
KIS X 22 Tt BE I A s A5 A= A
LB AT PG b X KRN AL A 71 Bl AR
sk RS 5 R XN I RUR AR /N, FOR AL
Y SEARL B BT I U RIS 5 2 P 400 L DX/ N 22 T B A
g/, FORFUL B = IRAE Y FAME L F1E A T (CEE
155 ,2012) o DORAEHLZF FAEYI IS LR , oK
SRRV B AT, X B A B ST
FEORGT RS HOE B GE . R, RAE (2010) A
Sy B 1 R B R AZ ) IR R R )
R 352 Ml AR R ) 494 R 3 R I e
FOBTRLE , Az K 0 2552 21 B G P, e B A 2
TR B, ASBIFE R B A ST s A Y X I 2
AR SRR 25 1T RER M) T BRE i 1E R A A
PRAC, (o HE Shpm AL DATE N iR EREE , IR0
Hasfe oy 50, T RBfE IR A = AR B R i b, 5
=PRI B kT S B VT ek
BT IR, R A A e T8
TRREN A A PR K s AR AR DT T A A P K 43
S T AN & B AR R AR A RS, T g
SE M TR . 550U, # A (2006) FAR
A (2006) K& IS A MPaE AT 280 B a2 AR 2
IR S5 ARk 38 DL K DNA FYSCES , il e 2s A 4

DNA, X AT BB 2= AR A5 R N 2 —
BEAI A5 2 BHAE AT i B R IR R B
7 FAR Wolbachia [ 2 70 15 100 I s 2 7 1 L%
RS A A7 A b 25 A 56 (Zhang et al., 2013) , BITK
IR U 5 LA T Bl B R a5t A%, 0T i s R fak e
TRIREL 52 FAA S, TR 2R B o AR X AT i Py 2B B A
PEHEAE  ZEBOE i ke s R ep, S5 R 5
[CAAHH ICI Y mtDNA BUAE LA A BRAT Y | 75
AR H B 84575 (Dean et al., 2003 ; Jiggins, 2003) , M
S M AT I ol b, B B 38 1% 4 ) Mgt i 2 RE
(Zhang et al.,2013; Chen et al.,2016) , X1 X} T H
IRAE ZBRE Il b A B B S L Ak i 3R
RS S RIE SRR 1 S A R — 2B
FEo FEAHIEGE T, 35 A b ER RN RS () 5 A5 1 B 5 b
P 5 18] 1) Mantel R0 45 58 8 7%, 45 by B 7 (8] 11 35
Lo AR 5 BB 0 B A X T R S& i T
ASTHFEE FH A AMARBE 3D A T i s it — 2 5
FEER R AIREAKL, IEKE DNA F5140M i 5 SSR
ISSRFRICIEARZS & A TR ARIIRIT
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