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Phylogeny of the Anoplura based on variation in 16Sr RNA sequences
and the extent of mitochondrial genome fragmentation in this group
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Abstract [Objectives] The Anoplura are sucking lice; obligate, hematophagous ectoparasites of eutherian mammals and
potential vectors for pathogens that can cause severe infectious diseases in humans and other animals. The mitochondrial
genome of the Anoplura is distinct from the traditional understanding of that of a bilateral animal. Extensive fragmentation is
present in the mt genome forming multiple mini-circular mitochondrial chromosomes. Although a revision of the taxonomic
status of the Anoplura is urgently required, there has so far been very little phylogenetic analysis of the group based on
16SrRNA sequence variation and mitochondrial genome fragmentation. [Methods] Phylogenetic relationships were inferred
by comparing 16STRNA gene sequences of 13 species from 6 genera and 6 families using the arithmetic mean (UPGMA),

neighbor-joining (NJ) and maximum parsimony (MP), methods. The mitochondrial genomes of 4 species in 2 genera and 2
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families were sequenced using the Illumina Hiseq 2000 platform, and the extent of mitochondrial genome fragmentation in 10
species from 5 genera and 5 families was analyzed. [Results] A phylogenetic tree supports the current morphological
taxonomy in that the 6 families are monophyletic and the Pedicinidae the most primitive. The analysis of the extent of
mitochondrial genome fragmentation in 10 species from 5 genera and 5 families shows that the 3 species of human lice
(Pediculus humanus, Pediculus capitis and Pthirus pubis) are more fragmented than the 4 species of rat lice (Polyplax
asiatica, Polyplax spinulosa. Hoplopleura kitti and Hoplopleura akanezumi). The 3 species of Haematopinus lice
(Haematopinus suis, Haematopinus apri and Haematopinus asini) have the least degree of fragmentation. The phylogenetic
tree indicates that the relative degree of evolutionary divergence can be ranked as: Haematopinus lice < rat lice < human lice,
which is consistent with the extent of mitochondrial genome fragmentation from slow to fast. [Conclusion] A phylogenetic
tree of the Anoplura based on variation in 16SrRNA gene sequences indicates that different lineages are basically

monophyletic, and supports the current morphological taxonomy. The level of mitochondrial genome fragmentation in the
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Anoplura may be consistent with the divergence of taxa.
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W O H S LA FL 3l W R 3R 1 L PR
MmapEd, AR CHA 15 B 50 & 540 RF
( Durden and Musser, 2006 ), FEHEEH 11
Bl 22 J& 96 Fl (4 KME, 1999 ). WLEIED], W
AP YA E Pediculus humanus BEEHE 1T 1 BE
IEARFE | AT [ AR SRS LA L R AR
ANHEE TN S B AR ) Z G4k N B R,
{EENA] DAFE IR 2 3 W 1 3 22 MG RO A7
PEBEZ 98 | Wi T ) 2 RURE SR R D AR
AT L BRI . R R A RR iR
X (Nelson etal., 1970; Gibney etal., 1985;
Otter et al., 2003; Hornok etal., 2010 ), " EF
H %58 0328 FEARYE HOE S HFE , (B2 4L
FE 2 FWR RS BEK, JUHE I G sl A
RAMEMNTES L HFATHER S, A B SHE S FRHIE
I RLAA A st e 1k BB AR o T S22 2 R B
PSP B EOE. H 73 28— EAF AR, 4 Kim
F1 Ludwng ( 2008 ) 7£ H i3 &\l ( Hoplopleuridae )
7% 2 J&; Durden 1 Musser ( 1994 ) 7 &L
BEF%) 6 J&; Kim A1 Ludwng ( 2008 ) 75 £l
#FF % 14 J&, Durden F11 Musser ( 1994 ) £ £ 4
AR 19 &, ik, —2 B g AT A
YIHAXS B 3 W B R Gk B #1705, el
R OB AR S5 TR A T T ) A AR SR i % ( Shao
etal., 2009, 2012; Jiang et al., 2013; Song et al.,
2014; Dongetal., 2014a, 2014b), F-HAGHFh
FEE G R IC 1Y — S Al EE A, R 4t
KT DL AR, kb FE A IE ( Yoshizawa and

Johnson, 2010 ).

2 hr AR 35 PR A 2 A AT L PN i ST A% TR
PASMY—2RI8 ALY 5T, K/ 15-20 kb BIBUEE ]
G, BARRBIE . WS . Sl
FETR, SEHL T AR, IE RS AR IR A
Ko oy B B TE) 2R 2 ¢ R M AR B 5 T B
( Wolstenholme, 1992; Boore, 1999; 4ffzt
&5, 2010 ), BRI ShYL kLA SE R A2 i 37 A~
L PRI A B B U PR IR ) DNA 40, 2% 13
AN BT BE IR, 22 4 tRNA LA #1241~ rRNA
FERILL S ARG IX (1. Ao TN EGE H gk
PRIEPIZH AN R] T aR L ARU 2 | S 00 e 2 ) 24
LB 4 (Extensive fragmentation ), XM 214k
AR T3 PR Y 4 /K ( Mitochondrial minicircular
chromosomes 1§, Minichromosomes ), {IA& & £k
PRI DRI 2 2440 A 18 bR etk (1A 1.
B), 245Nk, EWNIEEHGE T 558 10
Fhl i\ A A B SRR L PRI A, HAS [R] o) 24
A RN SRR A AR K 22 53X SEI mUAY Lok
TRIERIZA RN 9-20 DMEOR G fk, B—AM
WY fa iR/ 1.5-4.0 kb, A 1-8 HEH ( Shao
etal., 2009, 2012; Jiang et al., 2013; Dong et al.,
2014a, 2014b; Songetal., 2014), &4 N1k,
FE T 2RI R A 2L TR B A B I EE H R4
KE MR MRS

Rtk 16SIRNA HERITELS ) FIIRE EHA
R RSEYE , s B IE T, P 5
FE S HTE T 2 & S @ UL Ay R IT I SR 4G
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1 XSUHMHEHNEERBERE (A) FERENEEEALEME (B) (Shaoetal., 2009)
Fig.1 The mitochondrial genome of most animals (A) and Pediculus humanus (B) (Shao et al., 2009)

2, A R BRI LA K- Fhia) 36 2656 &
2 S8 # AL W58 1 A 80hRid ( Foighil etal.,
1995; Schneider and Foighil, 1999 ). HFI, 7
P ERARARTE, 2009 ), RN EAERT, 2010 ).
KAF (3, 2010 ), BRHFEL ( Robertson et al.,
2013 ), BARE (B TIARSE, 2019) FRAMAR
i kB WSS 16SIRNA WS T 12
o HRIET 16SIRNA K A BF S HF5E 0%
AU H RGE B HRGEARD . AR R 2
B2 J&E 4 AL, SN NCBI 38 E R 1Y 4 B
4 J& 9 FhmgE, 3t 6 B 6 J& 13 FIWEELA) 16SIRNA
FEH K R BOF AT T I8 FeX | 5t f% B 5 F &R
GERE M. ABFIEIIEK 16SIRNA FE R 5145
K, rEaENEEERE, EHS 6 Bl 6 8
13 A mUY R e A OC R AL T IRIE

ARG IE T LR 16SIRNA K H BT
1) T2 A 56 TR 4 2400 B o i T U H 9 R
GRERFR, HEE T e iR H 427 38
PET R, RIS R £ 57 5 58 3% i W I B 4
KRG T HEGRL,

1 HMR5AEE

1.1 ##

AR SLH BT ARAS B2k BRI 290 IR 5
B AP P A SRR AR 1 2 B 2 J 4 Bl

HrpE Pl ZHE Polyplax asiatica. $iZ#
i\ Polyplax spinulosa F1 3¢ FG H il Hoplopleura
kitti 5% A = 4 48, 2140 F i El Hoplopleura
akanezumi >k H = m48 KEETH & 1 E 5 A R
X, FrREWEE TEA 95% BN EP /NE N
%€ , JIAE - 20 *CUKAEEL - 80 °CHYHARIR VAR
WIRTE . 55, BARRRES B LSR5 Wk 1,
[, e NCBI $dfs ER 1Y 4 B 4 & 9 Ak

66 JE 13 M EREAH TRAN RS
REMH (R 1),

12 KBAHZE

1.2.1 EFEZH DNA BU3REL  HETHUR R
95%PAE I EbR AT, 7E SSAPO MR i il BE
SN m R AR . e, SRS 1.5 mL
B A W ERRA B B OB AR A
45 10 min J5HBGLAFE . H] The Dneasy Tissue
Kit ( QIAGEN) i{fl &0 DNA, FE4IATHEEIL
RS IO G UL EAT . $2EUY) DNA &
T - 20 CUKFENIRAER

122 PCR¥ &, #ifk#nilF H] The TaKaRa
Ex Taq B§HI514) 16SF/Lx16SR ¥ 14 45 —Fhng
B 16STRNA FER W4 B, A4 R
BCRER 4 34 7= kAR 0 P A /N, RS
16STRNA e R BoP o, SRS TEHE A TS
PRAF X BT BRSO Y K 7 B PCR 1Y
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1 BHAXEEE GenBank BRS
Tablel Sampleinformation and GenBank 1D

ETR=BN 4 Species KAEM S Collecting locality  GenBank #3¢5 GenBank ID
1 VM Z A E Polyplax asiatica Z~Hi4F Tinping Yunnan KF647757.1
2 £ E Polyplax spinulosa =4 Jinping Yunnan KF647767.1
3 75 FCH Bl Hoplopleura kitti M4 Jinping Yunnan KJ648937.1
4 214l H B E. Hoplopleura akanezumi B K Dali Yunnan KJ648931.1
5 ¥ MEl Haematopinus suis KC814606.1
6 P41 E. Haematopinus apri KC814615.1
7 Y E Haematopinus asini KF939322.1
8 BHE. Pthirus pubis EU219994.2
9 sl Pediculus schaeffi KR706168.1
10 L@l Pediculus capitis DQ076659.1
11 {RE, Pediculus humanus KC685853.1
12 el Pedicinus badii EU827263.1
13 FiEEL Pedicinus obtusus AB478979.1

TS5 16SF-16SR, DX X e 55 |4 4 i
R BUP S, KR By 49 TaKaRa LA Taq i,
IR 25 ul, SOBLRY R0 94 *CHUEME
1 min, 30-40 MEH: 98 °CAEME 105, 45-65°C
PE30 s, 68 CHEfH 1-4 min, 72 °CZLIkSE(H
2-6 min, A 1 IESCEAREMER, 4—IK PCR
BTG HEA T BHHE X RECRD S X BE SIZ 6, 3XCRE AT LA
) & B FHE S 14 80 DNA B35, BAIPEXT HR S
I — M 3 AN e B 1N RE, A RS
P X HR S B0 — 20, ikt DNA B sl 2818 /K BT
B2 MNRE, A SRS BT IR SE IS — 2, i
S L ZE R K B AT 5 565 3 ANRCE , T AR
5 BHMEXT AL —2, S5 51 R i i ZE R K D
Al PHPEXTRESCR I, 2N A DNA AR Al
BEXT5 14, 738 A R 5K 4t o 93 i 2%
W R/NS% Markers B, 859 H5 LY H9 PCR
JE W Wizard SV Gel and PCR clean-up system
( Promega ) &4l 5262 L35 AW H
Illumina Hiseq 2000 platform =5 3 & 5 200
123 SEENF.FIHEKMERIRS =H
Illumina Hiseq 2000 platform =i & i 5 $ A5V
MR EL ., PR E 5 G P mUR 21 H i
MIZERLARTER AL, FEHF 5 Geneious 6.1.6 3K

he%e, ZH80% &N : Minimum overlap 50 bp 1
Minimum Overlap Identity 98% ( Kearse et al.,
2012), B tRNA KA tRNAScan-SE Fil
ARWEN #r#k ( Lowe and Eddy, 1997; Laslett and
Canback, 2008 ). & [ /5 4% HE 5 Il rRNA JE [
F BLAST 4%k (Altschul etal., 1997; Gish and
State, 1993 ),

1.24 HIESH FIH Mega 4.0 #4413 Fpig
A 16STRNA FEPH P9 FEA TR 2 AL . 741 ]
TR O SOs B S 404, SR Mega 4.0 F2)7
W AR A AL -3 (UPGMA % ). 4B (NJ
B MKk (MP %) WERFERF R
( Tamura et al., 2007 ), 73 )\ GenBank i1 7[A]
P A48, KT E Pediculus schaeffi
(KC241885.1 ), 3k Pediculus humanus capitis
( JX080391.1 ) . #&K Wl Pediculus humanus
( DQ076660.1 ), BA@E. Pthirus pubis. % I &l
Haematopinus suis ( KC814606.1 ). B %% I @l
Haematopinus apri ( KC814615.1 ). 5 Ifi &l
Haematopinus asini ( KF939322 ). 4L ¥t ## &l
Pedicinus badii( EU827263.1 )Fl4lifk &\ Pedicinus
obtusus ( AB478978.1) 9 Fillz El/#) 16STRNA
K BP S, AE Rk, FIF geneious
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6.1.7 B HARAMAREE N T 51, A 4RI %501
37 MNIEENTERIR R ORI A, HE—2L 0T 5
B 5 )@ 10 M UKL AR R 20 i 2R

2 GREHSH

21 FIIREE

XPERZ AR, WYHZ AR E, 210 FF i mURD
FCH Bl 4 FHIREZRLR 16SIRNA K F B35
P47 PCR $ 44 Al Illumina Hiseq 2000 platform =
WEF . 4 FHRERIZRIR 16SIRNA 17
HEES, BREE, W ZHE, 208 5 E
v [ICH I EUT S BE 43002 1044, 1125, 1131
11107 bp, 7E GenBank Hi#E47 [R5 55 2 4%
AT, SkEl . REl, P, FEimEl., T
WEMEL . G EL . Z0 P EUREE AR L 9 I LAY
16STRNA FE[H K F B %1 . | Geneious 6.1.7 %K
PR Bras R, 13 R El 16StRNA [RJE 751
) AT FHE 54.3%-74.7%, WEET GC &&
25.3%-45.7% (£ 2), [FFHAE I E AT & &
T, GC A, aRE (SkEl, REUHE
PR B AT &4 (73.5%-74.7%) i, B
AR (2 mUREE R EL ) 1Y AT & & (53.3%-

54.5% ) ffK. 6 BHILE AT & K/AMKR R . &L
B> 1fi, w8 B> 22 A m8BR > F i mURL > B ELRR >
AP

X 13 R LAY 16SIRNA LK 1) A [) P
LbE AT as R LR 3. SLEFMAREL 16SIRNA I
B R BOF A S —30, HARUEE A E] 99.5%;
Bl ENZLPE R 16SIRNA HE K 21 AR
Wi, 53] 95.4%; BPAA i mUFRE I &l 16STRNA
LR RS AR L 5] 93.9%., 20 [RIR}[H i g
AL 16STRNA FE P HI RIS 5 o AR mURN
BiAEEUPR) 16SIRNA JERFHIMHE Rk, HA
30.3% o H: Uk R 21t B OB RN 210 A EL Y
16STRNA FEH P FIAH BRI W, HAT 30.4%. %
B R TR B AS 5] J A L 16STRNA JERHK F B
AEARL B B o T (8] 19 77 51 [R U 30.6%-
78.7%, Z=FE 20.8%-68.9%;

2.2 ZHifk 16SRNA EEKKEFINES
KRB

A Kimuras XS0 18 S 13 ik mUr
ol 7] 5 4% 0 B 3% 4, 13 b A 0 ) i A
KERIFITATE 0.506-1.938 Z[a], HAKREFI K
U[E] | AR mURNZ0Pe A R DA K B8 1 R I

F2 13FKE 16SrRNA EFEMGEHER (% )
Table2 Base composition of 16SrRNA genein 13 species of sucking lice (%)

2 Species

AR & 1 Nucleotides Proportions (%)

A C G T A+T G+C
3L, Pediculus capitis 35.2 13.3 15.8 35.7 73.5 26.5
PRE Pediculus humanus 35.2 13.1 15.8 35.9 73.7 26.3
BT, Pediculus schaeffi 36.6 13.1 14.8 35.5 74.7 25.3
FAFEL Pthirus pubis 31.0 14.6 21.4 33.0 66.0 34.0
W Z A E Polyplax asiatica 30.2 16.1 23.5 30.1 65.3 34.7
LM E Polyplax spinulosa 34.9 13.5 19.4 322 72.9 27.1
214 F R Hopl opleura akanezumi 30.9 17.8 21.7 29.7 65.3 34.7
s ICH R EL Hoplopleura kitti 31.1 15.4 20.5 33.0 68.9 31.1
¥ M E. Haematopinus suis 35.9 11.8 19.2 33.1 72.0 28.0
P 1 E Haematopinus apri 35.9 11.8 18.8 33.5 72.4 27.6
Il Haematopinus asini 32.4 12.9 20.4 343 69.5 30.5
HifEEl Pedicinus obtusus 28.9 19.4 27.1 24.6 54.5 45.5
LIPEMEE. Pedicinus badii 29.2 19.7 26.9 24.2 543 45.7
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£ 3 13FMREA 16STRNA EEFFIMEIRMELE (% )
Table3 Homology comparison of 16SrRNA sequences among 13 species of sucking lice (%)

1 2 3 4 5 6 7 8 9 10 11 12 13
1 —
2 99.5 —
3 78.4 78.7 —
4 59.4 59.4 60.0 —
5 49.9 49.8 49.8 47.8 —
6 51.7 51.7 50.6 46.0 61.3 —
7 50.9 51.0 50.1 48.4 60.1 56.7 —
8 50.1 50.1 51.6 46.9 58.2 57.6 66.6 —
9 55.1 55.1 55.4 51.0 54.4 52.5 543 53.9 —
10 55.4 55.5 54.7 51.1 54.7 53.4 55.6 54.7 93.9 —
11 52.9 53.1 53.0 49.5 53.0 52.1 53.7 54.6 67.0 67.8 —
12 334 334 33.0 332 32.6 30.3 30.6 31.0 32.9 32.6 323 —

13 33.9 33.9 32.8 33.7 32.7 30.6 30.4 30.7 334 33.1 32.6 95.4 —

1. SkEl; 2. fRE; 3. BREE 4. BAE; 5. WINEHE; 6. BiZiE; 7. AW ha; 8. ZIRHFME; 9. il

;100 BPAEIE; 11, imE; 12, BARE; 13, ZDPEREL.

1. Pediculus capitis; 2. Pediculus humanus; 3. Pediculus schaeffi; 4. Pthirus pubis; 5. Polyplax asiatica; 6. Polyplax
spinulosa; 7. Hoplopleura akanezumi; 8. Hoplopleura kitti; 9. Haematopinus suis; 10. Haematopinus apri; 11. Haematopinus
asini; 12. Pedicinus obtusus; 13. Pedicinus badii.

F4 ET 16SRNA EEFIR 13 FIRAR EEEE
Table4 Distance matrix of 13 sucking lice based on 16S r RNA gene sequences

A B C D E F G H I J K L M

A Sk E\ Pediculus capitis —
B §lifE. Pedicinus obtusus 1.598 —
C ¥ E, Haematopinussuis  0.579 1.670 —

D BH&E\ Pthirus pubis 0.506 2.066 0.692 —
E T ZRE Polyplax asiatica 0.663 1.744 0.556 0.712 —
F 2140 B L 0.693 1.938 0.577 0.758 0.516 —

Haematopinus akanezumi

G ¥4 1M E. Haematopinus apri 0.571 1.597 0.059 0.698 0.542 0.563 —

H /A& Pediculus humanus 0.004 1.574 0.573 0.507 0.670 0.702 0.565 —

I 5o [CH 3L Hoplopleura kitti 0.596 1.641 0.553 0.673 0.561 0.391 0.542 0.597 —

J B2 Rl Polyplax spinulosa  0.576 1.691 0.541 0.711 0.481 0.541 0.545 0.582 0.511 —

K MPESEH Pediculus schaeffi  0.226 1.582 0.545 0.494 0.680 0.689 0.558 0.227 0.581 0.609 —

L 209 E. Pedicinus badii 1.519 0.042 1.679 1.853 1.675 2.016 1.605 1.498 1.563 1.751 1.544 —

M i El Haematopinusasini  0.619 1.619 0.386 0.719 0.603 0.616 0.370 0.613 0.582 0.578 0.614 1.653 —

A Sk T\ Pediculus capitis; B i Tl Pedicinus obtusus; C % IfiL il Haematopinus suis; D P Pthirus pubis; E 324k
i\ Polyplax asiatica; F £l H if} 5l Haematopinus akanezumi ; G #7# Ifil il Haematopinus apri; H & & Pediculus humanus;
I 72 FC FT i 5L Hoplopleura kitti ; J § £ 4| Polyplax spinulosa; K 2 f5 15 H\ Pediculus schaeffi ; L £L e B\ Pedicinus badii ;
M I ifil . Haematopinus asini.
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B\ Al A AE FE BS o 0.004-0.059 , B AR T 811
5O ) S Aol 18] £ 338 A 1 B (Y PRl o LA TR] R 4
B Sk mUE] 13 AL BE B fe /N, R 0.004,

AWFFER AR A AL P44 (UPGMA 2% ),
PRI (NT L) Pl KB40k (MP %) WER
GLEBR . DL NI AR A S0 2 T LA ]
(14 A B A A P A 3 B AR B, (T
ANRE G R B L A o B B i 5 B 2R
AL T AR P RS B AT T R B . MP R A
RN T B AL A R Bk R R R 5
AMBBE CRRARERY ), HAS L AT SA 1
A WG AR OPATSAE . UPGMA & —Fh
W RRISHIT i, B = A S P R
(TSRS, T 3 R T iR a s,
BEARHFFE RIS R X 3 Fpoy it 6 B 6 J& 13
Tz G EAL R, S XX 3 Rt bR A #
M AT, AR B B 6 B 6 J@
13 P BRSO R o

WAL R B BE H] UPGMA NJ il MP 344
WL TR (& 2), 751 a2 b i) 3
A—2, HADVF2E5 . Boootstrap 1 000 YA
B UEAL AR A5 S IR BB Y SRR . BT
HRS AR BER R, SRHNTR I — W B
FEAR G, (HRAS R AIAH SR 1) 15 B D33 45 11K

JH UPGMA 4 £ A 2L TE AL 5 A4~ fek i) 4
Yo X SATEHHE 440 RE R AR,
Rpm mUEl, FRpEEE, ZMREEr. a5 —
A3 A AR EE 2 R, BERS 5 S
BRI 53 SO IR IR R, HAD T8 i 558 N
HEX AR A 2R

NJ JEA LRI B 8 NI WA 405 o
ERH 2 AP R — SO T HE A 565, mUR}
[ 3 A A ST 5332, BEUVEHF I VR 37 i
A4S F AT 4057, ZAREER 2 AR L
FHE 2 ASFhERN — S0 J5 Moy 8 5O IR o
U, BREVEHFImEESS, B EE, ZAREE,
HEEEHRIBAEEE 4 ABHESE R 3R BN
R MEEVRHE T NI AR, R ARG
IR

MP M B, 6 RMY E

WHIRFE AP AT LR S R T . B ELRL . £
M AL BB R i s e — 32, AREUEL . FA
AR BRI SR 55— 3 mAR AR EUE
AR 2 AR RIS 4337, AHH 4R
s i ERE . AR EVRR S B TP AT A S
FH, RPN R AR, Ik, MP ki
LR R, ARFEW T 6 DR E )
SRRITCIT AT A H AR TR RGN

Kk, 24 UPGMA. NJ fil MP3 Fh 5 %44
AR A B, TR B 6 SRR
BRRE, HE B HARRS,
WrEE B A 5 AR IR R

23 RETEEZHNEERARLEELR

A3z A Tllumina Hiseq 2000 platform f&;if
P, SRR X R IHAENE, A B
REMER/INE (NEIEFLSY) ) RL 4 2 B 2
J& 4 Rz R (I 2 A E . B Al £080E F by
AHTE G PR EL ) (9 ZORL AR PRI 2H 3047 T 0F9E
RIEMZRE (£ 5) FEZRE (£ 5) B
LML BE R 20 A AU B I 37 ANZRifR A
TR 11 DL G A fA s B2k
IRTHER YA RN 2-4 kb, A 2-7 DR, 2 Ff
Z R BN EARAR IR G AR 3.4 A5k
W, Z TARERFIELE (A ZORIA IR G R h
2.1) KBAE (A LRI B 2.4 A HE
), DTREEASE (BRI AR
A 41 DHER ), BAK, MR ER LR A
R 2 2 B s T EUR S L, (R TR EL,
SLEVHIRAEL, PP 2 AR EU 11 D ZORL AR g
R 2 AR A A [ ) R R SE R HE Y, 3%
B[] Jeg 1) 22 Al B\ S AR i PR 4H AR A A B I
z (£5),

[ R LR A 2040 TR L (6 5) A
HpEL (% 5) WA RELRIARIERA , 20
JE L 5 28 AEARAREER, AR TE 10 DRk
I R NI SRS S TR N 1 67\ LK i % Ny NN
1.7-2.7kb, £ 1-6 NEN, VR A IR
QetafR A 2.8 NERMAIER 2000 Y i mUA A
LR E LRI G IR, th 2 AR 1) rRNA
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6 11
100 ¥ .5\ Haematopinus suis .
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—— £LYEMR R Pedicinus badii Wea B
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432,—|:ﬁ B H Iy E\ Hoplopleura kitti ] Hoplopleuridae
23 WINZARE Polyplax asiatica AR AR
72 B Z R A Polyplax spinulosa ] Polyplacidae
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Fig. 2 Phylogenetic treeinferred from16Sr RNA gene sequence of 13 species of sucking lice using UPGMA,
NJ and MP methods

% b .78 Bootstrap 1 000 MG B EE .
The numbers represent the perce+ntage of 1 000 bootstrap replications.
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Qetafh b, B LARIARIR G AN 1.8-2.8 kb, AR E (SFE 2.1 ZE ) R BAE (P2 2.4 2%
A 1-5 D, SFERA LR AR R R A Jo AR, 2 Tl F LA 2R A Ak DR 4 A g
3.0 MRS . IR PR S TR R 2 MR, (HRRTRR, K
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FIEAE . 2 it F B EoRAAREA e (A iAoy 7
AR AT AR TR] A e DXL REE PRLHE P, 2 B ) J i

LR AT (R 20 Y R R 30 22 S 2 AR I
MBER (£ 5).

R5 4AMBEMLAEERA

Table5 The mitochondrial genomes of 4 species of sucking lice

7Y 22 A T A DR 24
The mt genomes of
Polyplax asiatica

R 22 W R\ A PR 4
The mt genomes of
Polyplax spinulosa

AW (A7 S A e HPS NS N £ 7 X 2w A S P
The mt genomes of The mt genomes of
Hoplopleura akanezumi Hoplopleura kitti

atp8-atp6 atp8-atp6
E-cob-1 E-cob-1
cox1- I—2(taa) cox1-L 1(tag)

D-Y-cox2-nad6 T-D-Y-cox2-nad6-A
R-nad4L-P-cox3

nadl-G-nad3-W

R-nad4L-cox3-A
S;-S,-nad1-T-G-nad3-W

Q-nad2-N-P Q-nad2-N
trnK-nad4-F trnK-nad4
H-nad5 H-nad5-F
rrnS-C Si-S-rrnS
M-Lygag-rrnL-vV M-L-rrnL-V

atp8-atp6-N atp8-atp6-N
E-cob-Sy(tey-Sytga) E-cob-S;-S,

I-cox1 [-cox1
D-Y(gta)-COX2 D-Y-cox2-T
R-nad4L-P-cox3-A-T R-nad4L-P-cox3-A
nad2 Q-nadl-G-nad3
trnK-nad4 nad2

C-nad6-W-L (taq) trnK-nad4

rrnS C-nad6-W-Ly(taq)
Yo(ata)-rrnL-V renS

Yoata)-PrrnL-prrnS M-Lytag-rrnL-V

3 Hit5itig

ASCR XL P E, e CH REL ., i
M BRI 22 Al mL R 2R AR 16STRNA JER K
BiiffAT PCR ¥4, BARMY 4 PR a7 51 B
BN 1137, 1107, 1 044 A1 1 125 bp H HEx
A7 GenBank #r & | M J& J& &
( KC241885.1 ) . =k B\ Pediculus capitis
( JX080391.1 ) . f& @ Pediculus humanus
( DQO076660.1 ) . PB§ @ Pthirus pubis
( EU219994.2 ). %% Ifil & Haematopinus suis
( KC814606.1 ), Hp¥% 1l &l Haematopinus apri
( KC814615.1 ), Y|l ml Haematopinus asini
( KF939322 ). £I ¥k f& B\ Pedicinus badii
( EU827263.1 ) 14 # E\ Pedicinus obtusus
( AB478978.1 ) 1) 16STRNA FL[H K H BYF41 .
FEH HE & B 13 AP AL 16SIRNA JE R HBE
HIAYEJEE N 30.3%-99.5%, Hoka$AJe [F & 1Y Fh
(i) [P P e, AN [R) i A b ] [ PR A, o VR
MEVE 1) 3 Fg A 16SIRNA LK J BF51
HRIEPE R 67%-93.9% 5 H B EUBHH B LS 2 F

HFE B R PR IR 66.6%; Z AR AR 2 A EVE 2 Fh
(S RS 61.3%; EVFFEUR 3 iy ¥ 51 [H]
TPk 78.4%-99.5%; HEE\EHEEUSR 2 Ry 51
[P 95.47%. TAS[A] & B FhiE] 22 AR, 4n
TR AR ERT 2 Ao w0 ) 4 TR A 4 AL
H30.3%7F1 30.6% . 7 B AL 16STRNA FEH K
B R rh e AR ST, A AR B A [ IR
PR W R 8 P T I S E MR SR B 4
B+ F o, mAERE B /N TR R
Wi (VEESEREITFE, 2001 ), ASCH 6 B 6
J& 13 PR EGE I ES N 0.004 ( Sk BRI ) £
2.066 ( BHEUFIEIBEEL ), 160k BURIAR R R e
R, MR BRSO R, & 4
AT LAE Y, Sk BRI B2 0] B st 4 1 8 e /N 1
5] & A 2 (] B as A5 10 2 . Al mURI 21
MR Z RAZIE B 0.042, P Il =R I &L
Z I F R 0.059, #RIHRMTEMS5AF
B V1) o 22 R 118 3 A2 B 5 o 3k 9 A [ 7Rk ) g I L )
Fofr i) 35 4% B 25 B /N TR R BEAS [R) & 22 [ 7 3t
fERE RS, BIJET 16SIRNA KPR HBUF 5 i 55t
& 5 B 0T T 5 W Rl B L e S R Ay 2R T
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F A
TESRIRIY 4 283EHH, (RNA R fb
FE e, tRNA L E AR L rRNA FEFIR,
8 A TR B A B S DR () R A 08 T e SR 1
X ( D-loop ) HA7 et A #EfLH % . 16SIRNA K&
RIAE Jy— Rt 8 LR, b b 32 3] ik
B E 1A% /N, Canapa %8 (2000 ) %] 5 Il
FHAZERIR 16SIRNA FEFBFFTLS R LM . SFp
HEN AL ZREYERI L, 16SIRNA FE[R H B4
AIRERE SR DL B 2R e R A IS
WA (2008 ) AR R (K. RN
G ) Mk4 ¥R (Rapana venosa) K% [E 5%
(2004 ) H5E 9 AR 16SrRNA He[H 155 {245
W FHE T Canapa 25 (2000 ) I EEE . UPGMA |
NJ A1 MP 3 Fpy ity g A =00 (&1 1),
AT EE H 6 MR RTAN R
B, N R B ITa A, XS R
T Canapa %8 (2000) B9 . iBAH22F NN,
16STRNA &4 v] Fl TR B e g %00 . an
B RS (2006 ) X 8 ARG AFIT &,
16StRNA JEH B B REHC T4 43 P fify i (] /K F- 11
WA KB AL 22 5, (R TCTE X A WA AR 432
MR 25 . AFITET 6 Bl 6 J& 13 Ak
B\ 16StRNA JEH P # 175087, A 16STIRNA
HE K P4 et oy dth 43 BRI BV B | B g T
ZAN[AIF B 3515 22 5, () i ) 35 4% P
/0N, N TR) g 1 Sk mURMAR U] ()8 A4 BE 255k 0.004,
AN [FIREAS [7] Ja 1) ] 35 A5 380 B R, i
FIBA LR AL BE A 2.066 (£ 4). KL,
16STRNA A] LU T AP R B0 A g A1 43025
FE NN 5 BL S T 10 g aEl (fRE ., SkE .
PR, FEIMEL ., BPRE M El, D iEl . mrk e 2 F
ZAEA 2 Ff R ) Lok AR PR A (R B
B, eATRZR AR IE R AR 2 ki il 9-20 4
LRI Y R AR, BRI IR e o R
KN 1.5-4 kb, A 1-8 NEEH, HATREIFE] K
SRR E AR K2R (Shao etal.,
2009, 2012; Jiang et al., 2013; Song et al., 2014;
Dong et al., 2014a, 2014b ), LAEFLORIAREA
Jea R FOFIEREOT, ZomEF I Ek 2.8 N3

A, SR BEN 3.1 3EF (Dong etal.,
2014a), 2 FZ AN 3.4 NFEH (Dongetal.,
2014b), REFISLECH 2.1 DHEEF, HECH 2.4
AEEH (Shao etal., 2012), BEMDELA 4.1
AL (Songetal., 2014), WK, ANFERM
W L2 AR DR 2 2 B A AR K 22 57, 10
Fofr g L S Ak R R ) 2 3 Bl AL (FREL L Sk
AFIBAE ), ft8ryje 3 FhmEl (FFimmE . B
MEFGE ), 4 FhEE M RE ., e
i N S A R NI e e [T P ¢
FT 16SIRNA RS, mEFR. 24k
AEHFTH I BB 3 32400 . MP B L, itk 3 BH
RS B4 32, FRTAL B, SEAR B KR
WUCH M EE, ZhREE, BEER, SRk
HE DR 2 2440 BT s 1 E 02 BBy — 3, BLAE
it 3 BHEIREE 7 A5 3 BE, AR R Y
AR TA ok o (Fealffh ). 76 NI R,
I3 B A3 ST S, 2 R R 1 D
T B 1Y 53 3 55 T 0 EURE A 22 A mURHAE) B ) 43
TCHONAH IR, RIVRE RN I mUEE R b LA 22 Al L
JRds, UG, itk 3 B, SRR 4Rk
FE R 2 SRR B 1 R 3 — B (DGR AR SE R 2 24
AR B i M EUR HIAL T NI TR R, Bk fb
5 LR AR R 2R BE A S, X AT RE &
NJ % RRYE (FEPK ) A&, 72 UPGMA
WL, AR R H P ER i 8RS mRR-E E
BHE B R IHREE, 7T 3 BHEAR L LR S
AR SE R B R B — 20, (B & AR
X U E BRI (A8 3N B s s 50T ). i
AR B SRR ZUE R B AR —5, iThe S
L ARG B A R E A G,

ARG iz R AL 16STRNA F1Zk
A SR A BRE A TREE B RELT
KR, VBN AARE R 6 MR R R
B, WHREBHL 7 Hh 5 AFRHEXEGS , 25 R HPE
BT . AR IN W S 6 NFHAT 43y
PATHRAR I RZEHE (WS ), —30& “Z il
Bh+H BB+ R, 55— g “EEHBIE
B mEL " SR RIL R4 i 2 R B0 S5
KHE (Sr2RHon) Wb BA —8ok, H



+ 1360 -

o B 3244 Chinese Journal of Applied Entomology 57 %

SRR R EH WA H R G A T I BE T —E
S

S 2k (References)

Altschul SF, Madden TL, Schaffer AA, Zhang J, Zhang Z, Miller W,
Lipman DJ, 1997. Gapped BLAST and PSI-BLAST: A new
generation of protein database search programs. Nucleic Acids
Res., 25(17): 3389-3402.

Boore JL, 1999. Animal mitochondrial genomes. Nucleic Acids Res.,
27(8): 1767-1780.

Canapa A, Barucca M, Marinelli A, 2000. Molecular data from
the16S rRNA gene for the phylogeny of Pectinidaec (Mollusca:
Bivalvia). J. Mal. Evol., 50(1): 93-97.

Chin TH, 1999. Taxonomy and Fauna of Sucking Lice (Anoplura) in
China. Beijing: Science Press. 1-132. [4x K/, 1999. H FEWK AL
Mgk, deat: Bl 1-132.]

Dong WG, Song S, Guo XG, Jin DC, Yang QQ, Barker SC, Shao R,
2014a. Fragmented mitochondrial genomes are present in both
major clades of the blood-sucking lice (suborder Anoplura):
Evidence from two Hoplopleura rodent lice (family Hoplopleuridae).
BMC Genomics, 15(751): 1-13.

Dong WG, Song S, Jin DC, Guo XG, Shao R, 2014b. Fragmented
mitochondrial genomes of the rat lice, Polyplax asiatica and
Polyplax spinulosa: Intra-genus variation in fragmentation
pattern and an inverse link between the extent of fragmentation
and the length of life cycle. BMC Genomics, 15(44): 1-12.

Durden LA, Musser GG, 2006. The mammalian hosts of the sucking

lice (Anoplura) of small mammals: True parasites//Micromammals

and Macroparasites: From Evolutionary Ecology to Management.

Tokyo: Springer. 141-160.

Durden LA, Musser GG, 1994. The sucking lice (Insecta, Anoplura)
of the world: A taxonomic checklist with records of mammalian
hosts and geographical distributions. B. Am. Mus. Nat. Hist.,
218(1): 1-90.

Feng B, 2010. Phylogenetic analysis of the Prionini (Coleoptera:
Cerambycidae: Prioninae). Doctoral dissertation. Chonggqing:
Southwest University. [/, 2010. FEMERFERGE K E 55
Br. ER: PURRA:]

Foighil D, Gaffney PM, Hilbish TJ, 1995. Differences in
mitochondrial 16S ribosomal gene sequences allow discrimination
among American [Crassostrea virginica (Gmelin)] and Asian [C.
gigas (Thunberg) C.ariakensis Wakiya] oyster species. J. EXp.
Mar. Biol. Ecol., 192(2): 211-220.

Gibney VJ, Campbell JB, Boxler DJ, Clanton DC, Deutscher GH,

1985. Effects of various infestation levels of cattle lice (Mallophaga:

Trichodectidae and Anoplura: Haematopinidae) on feed
efficiency and weight gains of beef heifers. J. Econ. Entomol.,
78(6): 1304-1307.

Gish W, States DJ, 1993. Identification of protein coding regions by
database similarity search. Nat. Genet., 3(3): 266-272.

Hornok S, Hofmann-Lehmann R, Fernandez de Mera IG, Mera ML,
Elek V, Hajtos I, Repasi A, Gonezi E, Tanczos B, 2010. Survey
on blood-sucking lice (Phthiraptera: Anoplura) of ruminants and
pigs with molecular detection of Anaplasma and Rickettsia spp.
Vet. Parasitol., 174(3): 355-358.

Huang WD, Liang XY, Xie XF, Wang XM, Chen XS, 2019.
Phylogenetic analysis of the genus Scymnus Kugelann (Coleoptera:
Coccinellidae) from China based on 12S, 16S and 28S rRNA
gene sequences. Acta Entomologica Sinica, 62(2): 241-254. [#f
TR, RIRH, WFHER, MR, PRI, 2019. 2T 128, 168
1 28SrRNA 2 751 i1 b [ /NE IR RGEA T 00T, Rl
224R], 62(2): 241-254.]

Jiang HW, Barker SC, Shao R, 2013. Substantial variation in the
extent of mitochondrial genome fragmentation among blood-
sucking lice of mammals. Genome Biol. Evol., 5(7): 1298—
1308.

Jiang GF, Chen AH, Feng JY, 2004. Phylogenetic relationships of
nine crickets based on partial sequences of 16SrRNA gene
(Orthoptera: Gryllidae). Entomotaxonomia, 26(4): 249-254. [#
ED5, WREWE, 14T, 2004, JURPEREE mtDNA-16S rRNA 4
PSR ARG, B UM, 26(4): 249-254.]

Jiang JP, Zhou KY, 2001. Evolutionary relationships among Chinese
ranid frogs inferred frommitochondrial DNA sequences of 12S
rRNA gene. Acta Zoologica Snica, 47(1): 38—44. [T, J&
FFIE, 2001. M 128 rRNA K FFIRFSE b E IR} 24 Rtk
LR, B, 47(1): 38-44.]

Kearse M, Moir R, Wilson A, Stones-Havas S, Cheung M, Sturrock
S, Buxton S, Cooper A, Markowitz S, Duran C, Thierer T,
Ashton B, Meintjes P, Drummond A, 2012. Geneious basic: An
integrated and extendable desktop software platform for the
organization and analysis of sequence data. Bioinformatics,
28(12): 1647-1649.

Kim KC, Ludwig HW, 2008. The family classification of the
Anoplura. Syst. Entomoal., 3(3): 249-284.

Laslett D, Canback B, 2008. ARWEN: A program to detect tRNA
genes in metazoan mitochondrial nucleotide sequences.
Bioinformatics, 24(2): 172-175.

Lowe TM, Eddy SR, 1997. tRNAscan-SE: A program for improved
detection of transfer RNA genes in genomic sequence. Nucleic
Acids Res., 25(5): 955-964.

Nelson WA, Shemanchuk JA, Haufe WO, 1970. Haematopinus



6 ] 2 B FETARA 16SIRNA F7 81 MZORL R IE R 2 2UL IR A B H REEF

- 1361 -

eurysternus: Blood of cattle infested with the short-nosed cattle
louse. Exp. Parasitol., 28(2): 263-271.

Otter A, Twomey DF, Crawshaw TR, Bates P, 2003. Anaemia and
mortality in calves infested with the long-nosed sucking louse
(Linognathus vituli). Vet. Rec., 153(6): 176—179.

Robertson JA, S' lipi n ski A, Hiatt K, Miller KB, Whiting MF,
Mchugh JV, 2013. Molecules, morphology and minute hooded
beetles: A phylogenetic study with implications for the evolution
and classification of Corylophidae (Coleoptera: Cucujoidea).
Syst. Entomol., 38(1): 209-232.

Schneider JA, Foighil DO, 1999. Phylogeny of giant clams
(Cardiidae: Tridacninae) based on partial mitochondrial 16STDNA
gene sequences. Mol. Phylogenet Evol., 13(1): 59-66.

Shao R, Kirkness EF, Barker SC, 2009. The single mitochondrial
chromosome typical of animals has evolved into 18
minichromosomes in the human body louse, Pediculus humanus.
Genome Res., 19(5): 904-912.

Shao R, Zhu XQ, Barker SC, Herd K, 2012. Evolution of
extensively fragmented mitochondrial genomes in the lice of
humans. Genome Biol. Evol., 4(11): 1088—-1101.

Song S, Barker SC, Shao R, 2014. Variation in mitochondrial
minichromosome composition between blood-sucking lice of the
genus Haematopinus that infest horses and pigs. Parasit Veectors,
7(144): 1-8.

Tamura K, Dudley J, Nei M, Kumar S, 2007. MEGA4: Molecular
evolutionary genetics analysis (MEGA) software version 4.0.
Mol. Bio. Evol., 24(8) 1596—1599.

Wang DM, 2010. Molecular phylogeny of the Sawfly family based
on partial sequence of 16S rRNA and 12S rRNA gene:
Tenthredinidae (Hymenoptera: Tenthredinoidea). Master dissertation.
Changsha: Central South University of Forestry and Technology.

[FE44RA, 2010. T 16SIRNA F1 12SrRNA Ay iR /)
TR K il R ]

Wang LX, Ke CH, Wang ZY, Liu B, Cai BY, Wang YL, 2006.
Sequence analysis of mitochondrial 16S rRNA gene and
molecular phylogeny of eight species of abalones in genus
Haliotis. Journal of Fishery Sciences of China, 13(2): 167-173.
[(EH¥LE, fAM, EEH, X, EUE, £2&, 2006. 1
WY JLRZERAR 16SIRNA JE K} B8 Hr g M i s R
GRS, TEKTRE, 13(2): 167-173]

Wolstenholme DR, 1992. Animal mitochondrial DNA, structure and
evolution. Int. Rev. Cytol., 141(1): 173-216.

Xu MY, 2009. Molecular phylogeny of Acridoidea based on 18S
rRNA, 16S rRNA, COI, COII genes. Master dissertation, Hebei:
Hebei University. [#i#7E, 2009. 3T 18STRNA, 16SrRNA .
COL., COIl FEREIE SR RGER BT, WAL: Wb

Yang JM, Li Q, Zhang XD, Song ZL, Wang RC, 2008. Genetic
diversity in populations of Rapana venosa in coastal waters of
China. Oceanologia et Limnologia Sinica, 39(3): 257-262. [#%
i, 228, A/NAR, 2008, HETHENKLTIR ( Rapana venosa )
FIRTEIRZERER DNA 16S rRNA sBEFRERTST. 1055193,
39(3): 257-262.]

Yoshizawa K, Johnson KP, 2010. How stable is the “polyphyly of
lice” hypothesis (Insecta: Psocodea)?: A comparison of
phylogenetic signal in multiple genes. Mol. Phylogenet Evol.,
55(1): 939-951.

Zhu BJ, Liu CL, Cao J, Li XQ, Wei GQ, 2010. Phylogenetic analysis
of Actias selene based on 18Sribosomal RNA and mitochondrial
16S rRNA genes. Chinese Bulletin of Entomology, 47(2): 285—
202, [RPREE, XIWIR, B, 204, FEW, 2000, 2T
I18SIRNA FIZRKIIR 16SIRNA JEF TSI M &AL ST, B
A, 47(2): 285-292.]



