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Abstract: In order to clarify the taxonomic status of several species of mites which are common
causative agents of mange in many animal populations, the second internal transcribed spacer
(ITS-2) of the rRNA gene was sequenced and compared with the homologous sequences of 6 Sar-
coptes isolates, 5 Chorioptes isolates, and 21 sequences of mites retrieved from GenBank. The
phylogenetic relationships were reconstructed basing on 32 isolates using UPGMA method. The
length of ITS-2 was 361 bp in 6 Sarcoptes isolates. In these six nucleotide sequences, a total of
335 nucleotide positions were conserved, 15 were variable sites, and 9 were parsimony informa-
tive sites. Homology analyses indicated that the identity levels of nucleotide of ITS-2 among the 6
isolates ranged from 96. 9% to 99.7%. The length of ITS-2 in 5 Choriptes isolates were different
(225-232 bp). The conserved sites, variable sites, parsimony informative sites were 184, 44 and
9, respectively. The sequence identity of Chorioptes mites from four kinds of cattle or cow ranged
from 92. 4% to 97.3%, the one between Chorioptes mite from Giant panda and other 4 isolates
ranged from 78. 7% to 82.6%. A phylogenetic tree constructed using the UPGMA method indi-
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cates that the mites examined in this study are clustered in the second major clade corresponding

to their second families. The first clade includes the genus of Sarcoptes and Notoedres, the sec-

ond clade is comprised of the genus of Chorioptes and Psoroptes. According to the homology anal-

ysis and phylogenetic analysis, we support the view that the genus Sarcoptes consists of only one

species, and the taxonomic status of Chorioptes isolates from Giant Panda and the Psoroptes iso-

lates from buffalo are still to be verificated furtherly.

Key words: mite isolate; the second internal transcribed spacer (ITS-2); sequence analysis; mo-

lecular phylogenetics
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SR SE N Ry 5 B A [ (g A 33 iU A
WG F T Walton 25278 19 SCHRE 5 [H 5 R A 823
FN T ol B — R, ¥ A HE W (Sarcoptes sca-
biei)™ . XE TR i 43 28 o AF 7E 28 B i IR A
1957 A LLAT » AT i DA S 25 A 1 AN [R) 18 3 9 A2
DRSNS A RN GRS R EF N Bu)
PG EW R oy T R G E 8 ) 5 i
JE I T B W N Z 0 R A SR (Chorio ptes bovis ) Fl{
PN (C. texanus) 2 AP T F A TR R
M) 2 W (C. panda) UL K 3F £ T RE B9 BE 2
(C. mydaus) 55 N HHEFEE A Ho oy RS A 15
PE— 2B R

Sy LR A% 58 53 2R T2 R MR OB 28 R AE
AfE F RS H i T HRAARE S 5 32 40 A 555 55
PR 52 W) AR ME ME B S W A R A LI O L X R A%
GEWETE T LR R IRYE H AR W . BEE 2 AR A
AR A A DNA R E iz # 0 T 156 28
MK tst . B, CHGE T 25 4R T o
A 5L AT A P R e S ) i X (TTS-1 A 1TS-2) K
LR IR LA (128 rRNA 168 rRNA H# 4 COD %
BEP G e e R R A G Ar F AR il A A
TE T 5 TR P11 05 e s He S ST 5 v 8 O P R DL A
B A B 32 Bk 3 W A AR 0 L o) B AR
ITS-2 B[N 751 X sl ) 5 DL 2 7 g A R 4856 &R
() AR E— 25 B AR T O 3 ] R 45 s 0 s Al ek
i 2R S A AR E

1 #MeFrEE
1.1 #HAREREREZA DNA ZE

AW 5T 5 By s L A BG4 A8 3L 32 Bk
S WA A oy B AR . o 6 BRT I S BIRR N S Bk
SRSy BRI R B IR E A S IX (R D, &
Tl Wy K 3% 43 85 10 0 L A EP & L RAE T — 70
C. W50y DNA @428 30, 2 AW 5 R 1/ 1
S5 D/ FREE (24 2 DR ZEEDLRE .
WZE K —20 CORAFE . Hoax 21 R il 3 8 bk
ITS-2 F43k {4 NCBI H ] GenBank($ 1),
1.2 ITS2 X3 18  difk % 5 51 E

Z W% U W5 CAF129146 ), 2 M 2 ik

(EF191369) iy 1TS-2 & [H ¥ 51 531 2 X5 5 vk 4~
WS, 51y 8 B AR TR R A\ A R
Pybyr it 1TS2 2147 .P1,5'-GATGGCTTCGTTT-
GTCTG-3"; P2, 5'-CGGGTATTCTCGCTTGAT-
3P W 1TS2 514 . P3, 5 -TCCTATGGCT-
TCGTTTGTCTG-3'; P4, 5-AACTTCTGCGGG-
TAATCTCG-3", PCR i 41494 C Hii g 44 3
min; 94 CA5HE 1 min,53 CiB Ak 1 min,72 CHEffi 1
min, 30 NMER ;5 72 CHEMP 5 min,
DNA Ji& a5 & 2547 DNA (1) s 24 o 8] i
Wik bl 9 A W A R 28 W)
1.3 HESFLE

DL g H a0 £ I ( Haema physalis longi-
cornis) (GenBank & 75 . AF2712860)1E N R G AT
SIATRIAN ISR . MR AR AE T W] M XA [ A 32 R AR
[F) £ A () b DX f s S ) TTS-2 7 90 4l R e v
JiF A F 5 di ] BioEdit(Version 6. 0. 7) #4171 A T. %
ARt s #5435 A Clustal X 1. 83 #2 5 i# 47 [A] I
PELLEL, MEGA 2. 1 BT Y Rl R 5k & UP-
GAM B f g, IF 1T B 1 000 IR Y H 28 K 09
(Bootstrap test),
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Table 1 Some species ITS-2 sequences from GenBank

53 Bk B4 J& 44 (ZER it R 2R 3t Has K

Isolate Family Genus Host Locality Accession No. Origin

Spl Sarcoptidae  Sarcoptes b7 V9P F AF129146 Zahler et al. 1999
Cl i Do 1 5 28 DQ991139 S ) s

C2 # Y 1] o EF514468 7R 3L E
Gel fas 15 [ AF129147 Zahler et al. 1999
Aml * ES3Es| AF129151 Zahler et al. 1999
Swl IR Ty it AF129155 Zahler et al. 1999
Ge2 AR gl AF129158 Zahler et al. 1999
Sw2 A Tt i AF129160 Zahler et al. 1999
Jal 5% BN AF129161 Zahler et al. 1999
Aul 4% hE K W AF129162 Zahler er al. 1999
Ge3 BA G % Ty 1 [ AF129163 Zahler et al. 1999
Au2 fas LN AF129164 Zahler et al. 1999
C3 R S PlIFi DQY91138 AR E

C4 R il 5T R DQY91140 AR A E

C5 i il e s B EF514469 AR SCH E

C6 3 ;PR EF514467 A
Swil Notoedres b1 Tt AF251801 Ochs et al. (Unpublished)
Swi2 Psoroptidae  Chorioptes EiES B+ AF123081 Ochs et al. 1999
Swi3 b Hi + AF123082 Ochs et al. 1999
C7 g P9I XL EF053121 A g
Ged 4 15 [ A% A EF191356 Essig et al. 1999
C8 TG T3k R 3 4 DU | EF053119 % 3 e 5

€9 BEAEys DO 1] AL EF053120 A S ol
Cl10 52 DU W 473 44 (UWIIRE Y EF053122 7R 3L E
Sw3 B¢ B Fiij L EF433565 Hestvik et al. 2007
Cl1 K AESH U] R #ER EF053123 A g
Geb Psoroptes 1 18 5] EF429253 Zahler et al. 1998
Bel )i L A s EF429254 Zahler et al. 1998
Swid EES Hii -+ AF123079 Ochs et al. 1999
Swib T Tt AF123080 Ochs et al. 1999
C12 T = Py i EF025930 Jia et al. (Unpublished)
C13 K4 b g )i EF025929 Jia et al. (Unpublished)

a. 4 R (Chorioptes bovis) 5 b. fEN J& I (Chorioptes texanus)

2 H#RESMH

2.1 FIIWEEHERK

2. 1.1 Pyl g bk 1TS-2 5 3 4 A8 S K ik 3 441
B DU AE 6 MRTINE4 B AR 1TS-2 2L ¥4 K
JEAR S 4k 361 bp, JF A R K BB R A AL JF
1 GenBank ${fi FEH & 55 (F 1), Fol g 335
RSO V15 AR T 8 K9 AR 2015 B A
6 PRSI B AR ALTCLG & 5 B 4 5l
30. 2% ~31. 0% (A AR F-H1{H R 30.63%).29.9%
~30.7% (B RFE¥ME N 30.28%), 17.2% ~

18. 0% (B AREIME R 17. 47%) F1 20. 8% ~22. 4%
(BARSFHE N 21.60%), HFH A+T & &
(60. 9YO Bl B i T3 G+ C &8 (39.1%) (%
2), 6 FET MM £, A-G i
BT T-COFAE A 3.2), T-A fil T-G Fife &
F C-Af C-GUEHMAES RN 1.1.0.0),

2.1.2 RSB AR 1TS-2 KL 3 51 A8 5 5 i 3k 441
A ME R C7,.C8.C9.C10 K& C11 FE M 41 K
Iy RIR 294,297, 294,294,301 bp, %M GenBank
HEE SR 2R R 6 (EF191356) 7741 4 2 B il 1y 4] 4
35 T #8435, 8S rRNA(1—32 bp) 541 . ITS-24 )% 51
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Table 2 The nucleotide content of ITS-2 in Sarcoptidae and Psoroptidae
2y B HE Tsolates B} 44 Family J& % Genus K. J& /bp Length G/% C/% A/% T/ %
Cl Sarcoptidae Sarcoptes 361 22.2 17.2 30.5 30.2
C2 361 21.6 17.7 30.7 29.9
C3 361 21.3 17.5 30.7 30.5
C4 361 21.3 17.2 30.7 30.7
C5 361 22.4 17.2 30. 2 30. 2
C6 361 20. 8 18.0 31.0 30.2
C7 Psoroptidae Chorioptes 225 19.4 19.0 28.3 33.3
C8 228 19.9 18.8 29.0 32.3
C9 225 19.0 18.4 27.6 35.0
C10 225 19.4 18.7 27.9 34.0
C11 232 17.9 18.3 29.2 34.6

N 53 28S rRNA JF 31, J7 51t sk 2k J3di A I
7 GenBank 4 )5 &5 (% 1, 5 #5455 vk
ITS2 &L WA K E F AR, C7,C8,C9,C10
K C11 {1 ITS-2 3 4K 45k 225.228.225.225
Je 232 bp, A AT 184 APRSFAL AL 44 A
71 B 9 A8 245 A A5

5 HRALWE BRI ALT.C.G &R 4518
27.6%~29. 26 (GEARF-IME Ry 28.4%) .32. 3% ~
35. 0% (B AR-YI{H N 33.84%).18.3% ~19.0%
(EARV-HIME N 18.64%) 1 17.9% ~19. 9% (B AR
FIE N 1912000, HAEY A+ T & & (62.2%0)
HEETEY GHC ERFGTL.T%(GE 2), 5 %

s Bl
A2 5

IR 1 B e L4 oy 2, b A-G i fi | 1
T-COR A 5 4.3), T-A B4R &+ T-G.
C-A GG 474 10.1.2.1D),

2.2 RSB ITS-2 EAFIILLE
2.2.1 vmEEESBIE ITS2 LA, M3 2
AJHT U 43 B PR I B BOR TR B bR 2R
361 bp;5 A 2 W 43 B AR 14 B S RN BT B R AF
TERRSERAS S5, ol 225~232 bp. MBEIL4 Bk F .
Pl oy BRI A S i R B R R T
i s 11 ANl B R DL C o R AR

2.2.2 YIRSy B AR TTS-2 3 X T 41 AH o
PEFAERE AR 3 A1, MR Y 11 RRIE L 1TS-2

x3 WHoSHRMEMGRE ITS-2 ERBEMNEESHMS B E

Table 3 The homology and divergence level of ITS-2 between Sarcoptidae and Psoroptidae %
41 Btk Tsolates C1 C2 C3 C4 C5 C6 Swil C7 C8 C9 C10 Cl1 Swi2 Swi3
DQY91139(CD — 98.9 97.4 97.1 99.7 97.4 53.6 28.9 31.6 28.4 30.0 25.0 30.0 31.3
EF514468(C2) 1.1 — 98.6 98.3 98.6 98.6 53.2 27.6 30.3 27.1 28.6 25.0 29.5 30.0
DQY91138(C3) 2.6 1.4 — 99.7 97.1 97.7 53.1 28.0 28.1 25.8 27.3 28.0 30.4 28.3
DQY91140(C4) 2.9 1.7 0.3 — 96.9 97.4 53.1 28.9 29.4 27.1 28.6 26.7 32.2 28.3
EF514469(C5) 0.3 1.4 2.9 3.1 — 97.1 53.6 28.9 31.6 30.7 30.0 24.1 30.0 31.3
EF514467(C6) 2.6 1.4 2.3 2.6 2.9 — 54.2 27.6 29.4 27.1 28.6 27.6 30.8 29.1
AF251801(Swil) 73.9 75.1 75.9 75.9 73.9 72.4 — 27.1 25.9 23.1 26.0 25.9 24.7 26.5
EF053121(C7) 48.1  44.9 47.4 46.5 48.1 47.6 62.5 — 92.4 95.1 95.1 82.6 85.8 94.2
EF053119(C8) 51.7 49.1 52.1 51.1 51.7 50.2 59.3 8.0 — 96.4 95.6 78.7 83.4 97.8
EF053120(C9) 50.4  47.8 50.9 49.8 50.4 48.9 58.3 5.0 3.7 — 97.3 80.3 84.0 95.6
EF053122(C10) 47.0 46.0 49.0 48.0 47.0 46.5 59.7 5.0 4.6 2.7 — 80.7 84.0 96.5
EF053123(C11) 50.2 49.4 51.2 50.2 50.2 48.8 58.2 19.8 25.1 22.9 22.3 — 88.7 80.3
AF123081(Swi2) 52.8 51.1 52.6 51.5 52.8 54.3 59.0 15.8 18.8 18.1 18.0 12.2 — 84.9
AF123082(Swi3) 48.5 45.9 48.5 47.5 48.5 47.0 57.5 6.0 2.2 4.6 3.6 22.9 16.9 —

A IR T =M RR B

The percent similarity and divergence are shown in the upper and lower triangles, respectirely



2 TN 11 BRI Y B BRI TTS-2 5504047 5 & 55 6 R IFSE 239

PRI A oy B 22 R, AR Ry 24, 1% ~
99. 7% . 6 BRI 43 B R 1 7 AL E 4 B K
96,990 ~99. 700 54 BRYS A FH AR L 43 B bR 1
¥ BUARBLF Bt B i Sy 92406 ~97. 304 . 1 g
A R o B AR [A] 4 AR A 0 AR R O B AR 1Y A
FALE 2 BUAR . hy 78. 7Y ~82. 6%, M4y ) ok
B P96 53 B R TR A (A L AR (0. 390 ~2. 9%6) T
FE 05 43 B R P (L 30 B R A K (2. 7060 ~25. 100)
Horr DL CITCREAS 2 i 43 2 %) [W] C7.C8.,C9,C10 1y
KA HH 19. 8% .25. 1% .22. 9% H1 22.3%),
2.3 ETHAmABMEGRE RN ITS-2 EEEE
SFRER

DL A il 9y S A 1 ) UPGMA B A<
PRI ARE T 2 LR B TR CRE
) AL FE BT 15 Bl (Sarcoptidae) F By J& Sarcoptes Fll
WL 8 Nozoedress 55 2 >3 7 CR B AL 45 ¢
I Bl (Psoroptidae) ) /& 1 J& Chorioptes F1FE i J&
Psoroptes (& 1),

UPGMA i [f] B 758 = 1) v s J& T8 it — 1~ 5 &
A W 09 B85 CEEE D 1000, R B AR
] 5% 14 5 5% 30 W) B BF A= 2l 00 %) 99 il 3 8 R A L — %
RSCF 0 LG & A8 B — Pk 37 &R 5 9 s s 4 il
BHIRTE; 2) IR & S &, C7,C8,C9 K& C10 [A]
Swid . Ged Je B, R G 7E[R] Sw3.Swi2 B2k, &5
A C11 R, BT B — k57 3 55 3) FElh 8 45 X
ZH,C12 [F] Swi5,Swid,Bel fll Ges B 2& (E F1H
100) . fJo ] C13 2%,

3 3
3.1 FIMREEAK
WG MEGAZ2. 1 A GEit M8 1 5 5% 2 i
AYBIRE ITS-2 JB50 ALT.C R G B3 & &4 5k
28.4%.33.84% ,18. 64 % A1 19. 12% ; M E 1Y 6 4%
Prih oy B pk ITS-2 JP 81 AVT.C.G V3 & 5 5
30, 63% .30.28% 17. 47% H1 21. 6% . <A 2 i
FUPTUE o B PR B E R B AR . A+ T
MEEEERT GHC EE, XSEII¥EER
W Y 6 P R E AR AR O
3.2 AHMRBEEXRBNIERRFLEEXR
FESTIER D B ECRBEVNA 3 A& HL
6B T A iR &R (Knemidocoptes) , Fo i DLy
W5 FE NG IR b & 58 I )z (H% @ 1 R [E] 2 2 Ml A7
FAEF L,

Fain'" {8 {d R #2494 30 ASFp A1 15 4S5 Fh,
B R B AT A B . 23 B8 B AS (5] 3 ) 1 v 96 A 8 e
KNJERS ERSA 2 7 HRE 3¢ B R Yy H BB 5 B 4%
A5 FF A TE B AR B B B KF- s PR IA Dy i A T A
R EAEA EF Y LLFT A ITS-2.12S rRNA,
16S rRNA K #53 COT HeHAE Ry 73 Fhric i 4T 7 0F
FE L WEFE L R 0 85 B A 6] 15 32 A [5] 3 X0
LB S S [ R N ¢ I T U = I N i
[l K 1) 55 8l W) S B A S ) o G O e R 2 R SR
—ik . H B BE 1Y B AE (100D, SCHF T 4 196 Y 5
FRUEML R . 2 3 W] LUFE MY L v i 25 0 2 Ak 1] AH oL
PEAR 55 (96. 926 ~99. 7% , 1M 43 15 BE b #AIK (0. 3%
~2.9%) . AL ARWFI L5 R S HE Zahler S
9 R BIIA R o il R 1 AR

MNFE 3 AT UL L 5 6 BRI 9 2 B Bk LS R
G 43 B AR 0 P 5 [ R 43 31l 53, 106 ~54. 2%
23. 10~27. 100 RGR w15 L0 8 44 i — 2k 7
SCF 5PV R A A R . AT UL T L [ Y G
R R R R LW R AEE LR EXT
T L5 Je 0 288 b 457 1 FLE
3.3 EMBEEXRBENIEANREAFZLEXR

TEPEREFL rb R i Jm | 9 Jm A H B 95 R (Oro-
dectes) 58 BE 3¢ % V) T O T 58 U J 14 ] 4 26
b 57 R A2 096 JeE 1 b 18] 3 286 b 57 A7 7 o BE

1957 AE LUH » 2 #4138 3 A Oy 2 i B e 20
Sk Hodw 2 M6 e B E a0 A R S AN
B0 L R (C. equi) JEREE RN (C.ovis) &0 T
Sweatman " IA Ay 2 0 JE 1 B I 43 2 R 0 R 7N
R SR LS R G A S R AR R G
T R TE N RN R T — e A R R R T
LN P E SIS S T ) N
FEES L PG L DA A S ] S A AR
2B P AR L. Sweatman X F 432575 3
LR F W SR T RE AN AL W Y 4 FE LR A
Fp ik — 2D 5 » 32 B T AR A2 Wl R B ) TR A
AU HHEAT TR B AR S SR, E BUE S
VR R AN AR G ) 2R R PN R TS R AETE
72 5 s M 0 R 0k b [ AR R B A B A ik b 1) B
FEWHG G B R AT R 25 2 LS T T G 24 SR A 43 A
V&R L R AR T N NN i S K]
AR TE A BE LA K fe SO0 I 4 3 b [ A2 L 2
SR H] AE AR E M 25 5 (P <0.05) (L EFf K
e
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Phylogenetic tree of 32 mite isolates inferred from the second internal transcribed spacer of rRNA gene se-
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Sarcoptes

PRI T
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Psoroptes

FEMTRHE

Chorioptes

Outgroup

quences using the UPGMA algorithm with Kimura 2 — parameter distance and Haemaphysalis longicornis

employed as the outgroup
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Hi 3% 3 ] DL, BB A2 WG A B bk 5 A L A A
53 BRI 5 50 [ YR AR L Ay 78,706 ~82. 6%,
%0 5 R L R R B ) IR M o
80. 3% H1 88. 7% . MARGEM Hfrl A1, C11 (4 A AE
JH B R ) 7] Swid (FEJH 2 056D F Swi2 (4= 2 i) /1Y
RGRRBL ., NI AEF N B A BEA 1 2 196
BEAS & F 7 e it R 4 2, & PSR
AR A TR — BT, AR WA R A B bR
[ 4 4] 2 Al 1 R U Sy 94, 2% ~97. 8%, 55 2 J2 s
IR YR M 83.4% ~85.8% s R M Al L, CT7.
C8.C9 A1 C10 [a] Swi3 (FEH /2 W) 55 2 K Rk,
I AEE A R 3 B8 8 VU B AR R A A i R A
A

R0 25 B 3l 4 4 3% 2 A= 100 2 096 1) A ] 43 25
GIE— E 4. Sweatman'™ M HEJE & HRF (31
AR SMIU A B K (OOSL)) L i 3 45 5 1k e 2
A R AN B B W A Sl e BE W (P cuniculi) | JE FE W
(P. cervinus) . /K 4= ¥ W (P. natalensis) . B ¥£ W
(P. equi) Fl 43 2F FE 1 (P. ovis) 5 AN, 3 Fl U8 25 4%
— g F ez A Bates A5V AN G B AN
U E PRI R R — AP R AR Y[R, A B2 R A
Shy 5 TS il e P 0 R oSS WY A 44 A 28 G T
IO %A BE S PRI iy 450 AR R S A 2R R
B ) TTS-1.1TS-2 K /N B A b 32 55 2% IR 43 A S A
KANTE A AR LR R 1 AR SN
55 U G A 2R R K A B I S g i AR TR
SEHFAEREFEMES. WE L AW, 58 ik
(C12) 5EA MY FER bk B A BOE N R G X R, B %
{E 5 (100D, Ho 4y 28 1 IH o0 I 3 i 5 i /K 2 5 05 ik
(C13) [m] 3 6 73 B AR 1 218 2% 00 2R AL s AN L H 2K
L0 . KA R DO | A3 S R 1 S e i —
AN ST A SR R R — Y

SE K
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