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Phylogenetic relationship among some species of genus Anopheles subgenus Anopheles

(Diptera: Culicidae) in China: based on rDNA-ITS2 sequences
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Abstract: Objective To clarify the interspecific phylogenetic relationship among the species of genus Anopheles subgenus
Anopheles in China. Methods The phylogenetic relationship among 22 species (molecular forms) of subgenus Anopheles
collected from China was reconstructed based on ribosomal DNA second internal transcribed spacer (rDNA-ITS2) sequences
using neighbour joining, maximum parsimony, minimum evolution and maximum likelihood methods. Results The length range
of rDNA-ITS2 was 340-1754 bp; the intraspecific genetic distances ( p distance ) were below 0.004, and the range of pairwise
genetic distances among Anopheles mosquitoes was 0.009-0.420 (mean 0.224). All the reconstructed phylogeny trees showed that
there were three clades, i.e., An. hyrcanus group, An. barbirostris group and An. lindesayi with An. maculipennis group and that the
group clades were paraphyletic. There were four major clusters in An. hyrcanus group, and the interspecific relationship in each
cluster was the same as the morphological taxonomy. However, the cluster positions of spLL1 and spLL2 were unstable.
Conclusion The molecular phylogenetic tree reconstructed in this study objectively shows the interspecific phylogenetic
relationship among the groups and species of genus Anopheles subgenus Anopheles in China. The rDNA-ITS2 sequences have
sufficient contribution to the reconstruction of phylogeny of Anopheles species.

Key words: Genus Anopheles; Subgenus Anopheles; Ribosomal DNA second internal transcribed spacer; Phylogeny
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Table 1 Data on species of subgenus Anopheles mosquitoes in China

¥R i SRAEHL SR ] AMREL
F WO J& Subgenus Anopheles
Tl I A Hyrcanus Group HABTENL An. belenrae A [ 10 TR 2008-08 3
| 1998-08 2
P ENLAR T 2007-07—2012-07 66
TR An. crawfordi o E = FE 2005-08 3
BRI An. hyrcanus P E R T 1999-08
VNI An. junlianensis o = Y 1 3% 1995-07 11
S g AR 2006-07—2006-08 2
oA An. Kleini rp LT R 2008-08 10
o E L T 2008-08 10
FP L T 2008-08 10
rp L TR 2009-08 3
CHERISEER 2009-08 1
B PHH% I An. kweiyangensis ] M S8 1987-08 2
P SRR 2006-07 —2006-08 3
B4R An. kunmingensis r [ 2 1 1 e 1997-07 2
T RALWL An, lesteri rp T TR R 1999-08 4
rp ] T 1999-08 3
L TR 2008-08 3
o EL T 2008-08 3
P 2 P 1999-08 2
rhENET R E FH 1999-07 2
rp LT AR 1997-07 2
P = 2
DR S 2010-08 3
HEYIIR -
BLHE L An. liangshanensis FE A 1997-07 4
RIS An. peditaeniatus Fr [E 2 FE 2009-10 4
F ] Y AR 2 2004-08 3
r D R A 2012-06 2
LI An. sinensis 1 g 2008-08 3
rhE IR 2004-07 4
PP LT Mk 2008-08 2
LT R S T 2001-07 3
LRI T 2001-07 4
TPETTIR - 2
ARSI An. sineroides i [ _ _
J\RIZBL An. yatsushiroensis FET TR 2008-08 1
LA 1998-08 2
e Y e B 1993-08 1
rhE LR SR AL 2004-08 3
[ e R A 2007-08 3
KEZFN An. spl rP E LR SR AL 1991-07 2
KBTI An. spLLL A S AT 2007-08 8
KRELFN An. spLL2 rpE SN AT 2007-08 7
e AT R A A 2007-08 1
KRIEZF An. spLL3 e T A A 2007-08 1
UG WO ] Barbirostris Group I An. barbirostris R 2 F B 2009-10 3
rpENE R R K 2012-06 2
T EAZIL A, freyi [ P )1 44 11 1994-07 7
RHEEFRT An. koreicus T T AR 1998-08 2
TLBERZ ISR A Maculipennis Group KFEHE I An. messeae R 1999-08 2
MR Lindesayi Group MG An. lindesayi rp E PG T Bk 2006-07 10

i a WEFEHESIOCHRI T, 3] b, SEU0 5 0 AR IR AL MR AE IS R T 5 oo ZHASCHR[20] 5 d. MREB AN IE . spl. B3 R/ \ARHZ I
spLL1~3. #4155 Jy i AEdii .,
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Table 2 ITS2 sequence information of subgenus Anopheles mosquitoes in China
|~ P =N
s GenBank %3 2 :E;E‘*; - © (%) . -
[ (rirdie AF145464/AY187728 451 21.1 27.5 25.1 26.4
TSI AF261949 436 23.9 213 29.4 25.5
TR I AF261149 436 21.8 28.4 24.8 25.0
AR AY316155 453 24.1 21.4 30.2 243
AY170921 453 23.8 21.4 30.5 243
KC808758 453 24.1 212 30.0 247
KC808759 453 24.1 21.2 30.2 245
KC808760/KC808761 453 24.1 212 30.5 243
KC808762/KC808765 453 24.1 212 30.2 245
KC808763 453 24.1 212 30.5 243
KC808764 453 24.1 21.2 30.2 245
KC808766 453 24.1 21.2 30.7 24.1
e 217400 FJ875072/F]875074 451 18.6 30.4 25.7 25.3
R PH I AF261150 443 19.9 293 26.0 24.8
[ I AY 170920 446 20.6 29.4 26.2 23.8
T I AY803797/AY803796/AY803792/ 448 20.1 29.2 25.9 24.8
AF384172/AY803801/AY803799/
AY803800/AY803798/AY803795/
AY803794/AY803793/AJ004941
T8 AY170922 446 20.0 30.0 26.2 23.8
AF146750 446 20.0 30.3 26.0 23.8
R I AY 129958/KC808755/KC808756 457 243 20.8 29.8 252
KC808757 457 24.1 20.8 29.8 25.4
Ry GQ161923/AY316154/AY316156 469 19.2 29.9 25.6 25.4
AJ004942 468 19.2 29.7 25.6 25.4
RIS IV EU789795 439 19.1 28.2 26.4 26.2
S\ AY186791/AY 170924 453 21.0 28.9 24.9 252
AY170925 453 21.0 29.1 24.9 249
AY170923 453 21.0 29.1 24.7 252
AF146749/AY 186792 453 21.0 29.4 24.7 24.9
RAE#4 T An. spl AY306128 455 19.1 28.6 26.6 25.7
KSE £ F An. spLLI JX944692 450 18.4 30.7 25.6 253
1X944701 450 18.4 30.7 25.6 253
1X944698 450 18.4 30.4 25.8 253
1X944700 450 18.7 30.4 25.8 25.1
1X944699 450 18.4 30.4 25.8 253
1X944691 450 18.4 30.7 25.6 253
1X944697 450 18.2 30.7 25.6 25.6
1X944694 450 18.9 30.9 25.6 247
1X944695 450 18.4 30.9 25.6 25.1
1X944693 451 18.4 30.8 255 253
1X944696 451 18.4 30.8 253 25.5
1X944702 451 18.6 30.8 253 253
1X944703 464 18.3 31.3 25.0 25.4
1X944689 450 18.7 30.7 25.6 25.1
1X944690 450 18.4 30.7 25.6 253
1X944687 450 18.4 30.7 253 25.6
1X944688 450 18.4 30.7 253 25.6
KEZFP An. spLL2 IX944704 480 17.5 28.8 26.9 26.9
KA An. spLL3 1X944705 451 193 29.5 25.1 26.2
1X944706 450 19.3 29.6 25.1 26.0
1X944707 450 19.6 29.3 253 25.8
DAL KC878681/KC878682 1754 242 16.3 31.8 27.7
(EBSEi7d e KC808752 340 21.2 25.9 21.2 31.8
KC808753/KC808754 340 21.2 259 21.2 31.8
I AY523635 336 223 26.5 22.9 28.3
KFEFIL AF305556 364 272 242 25.3 234
MR I 1X944708 310 28.7 21.3 28.7 21.3




- 386 - P E A A 2 S i 2435 2013 4F 10 A 5524555581 Chin J Vector Biol & Control, October 2013, Vol.24, No.5

F3 P EHUE F O JE OISO A] Y 1TS2 7751 it 1% 1 25

Table 3 Pairwise genetic distances for ITS2 sequences among species of genus Anopheles subgenus Anopheles in China

EXTT 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
R4

2 0.109

3 0.182 0.167

4 0.200 0.156 0.089

0.189 0.157 0.082 0.016

0.213 0.171 0.096 0.041 0.052

0.197 0.166 0.092 0.050 0.057 0.059
0.212 0.177 0.103 0.103 0.117 0.102 0.100

O 0 9 N W

0.206 0.177 0.110 0.104 0.109 0.094 0.087 0.049

10 0.201 0.172 0.114 0.099 0.109 0.098 0.086 0.049 0.033

11 0.202 0.168 0.091 0.099 0.113 0.096 0.084 0.047 0.052 0.040

12 0.207 0.178 0.088 0.101 0.099 0.090 0.098 0.102 0.116 0.108 0.092

13°0.229 0.203 0.112 0.128 0.131 0.118 0.127 0.104 0.121 0.119 0.096 0.046

14 0.200 0.178 0.129 0.147 0.140 0.157 0.139 0.164 0.164 0.159 0.150 0.136 0.164

15 0.200 0.182 0.131 0.152 0.144 0.162 0.141 0.164 0.168 0.159 0.150 0.138 0.166 0.009

16 0.206 0.193 0.138 0.145 0.134 0.154 0.143 0.166 0.164 0.161 0.147 0.137 0.165 0.056 0.058

17 0.232 0.224 0.186 0.179 0.180 0.174 0.192 0.214 0.218 0.218 0.194 0.174 0.203 0.204 0.200 0.191

18 0.386 0.342 0.360 0.362 0.365 0.370 0.362 0.370 0.351 0.377 0.364 0.342 0.357 0.347 0.352 0.364 0.359

19 0312 0.292 0.281 0.282 0.289 0.281 0.254 0.277 0.273 0.290 0.272 0.279 0.286 0.296 0.293 0.309 0.320 0.215

20 0.373 0.372 0.381 0.382 0.381 0.380 0.388 0.380 0.399 0.407 0.395 0.372 0.365 0.381 0.382 0.379 0.372 0.352 0.383

21 0370 0.372 0.371 0.363 0.366 0.368 0.380 0.370 0.386 0.395 0.383 0.363 0.351 0.380 0.382 0.371 0.368 0.364 0.393 0.039
22 0.389 0.382 0.349 0.359 0.359 0.350 0.355 0.371 0.374 0.380 0.362 0.338 0.354 0.364 0.362 0.354 0.381 0.407 0.420 0.283 0.277

T L R _AY 1299585 2. LT HRIL_AF261949; 3. KE A4 LLI_IX944692; 4. HUILFEI_AY170922; 5. EHIHEEL_AY170920; 6. 5t fHI%
I AF261150; 7. $HAERZI_EU789795; 8. HAEFEIL_GQ161923; 9. FLEHIN_AF145464; 10. KEAFNLLI_JX944705; 11. Fi3EFL_FI875074; 12. %
FC 20 _AY803797; 13. K & 44 Fl spl_AY306128; 14. %5 4 0 _AY316155; 15. /\ AU _AY186791; 16. i ¥k Fie B _AF261149; 17. K & £ i
LL2_JX944704; 18. KFEHEIL_AF305556; 19. FREGHZIL_JX944708; 20. A KC808752; 21. HHEEEZIL_AY523635; 22. ZI5HEI_KC878681.
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Figure 1 The ME tree of subgenus Anopheles mosquitoes based on rDNA-ITS2 sequences
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Figure 2 The ML tree of subgenus Anopheles mosquitoes based on rDNA-ITS2 sequences
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