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[ Abstract]  Objective To improve the multiplex PCR molecular methods to identify species of Anopheles
hyrcanus group, and investigate the faunal distribution of An. sinensis in China and the factors influencing its distri-
bution. Methods The species-specific primers were designed based on rDNA-ITS2 sequences of Anopheles (An.
sinensis, An. lesteri, An. yatsushiroensis, An. kleini and An. belenrae) to improve the specificity and sensitivity of
the multiplex PCR method to identify the Anopheles mosquito species. Anopheles mosquitoes were collected from 18
locations in 8 provinces (municipalities or autonomous regions) in China using light trap and entomological aspirator
from 2013 to 2018. Those mosquitoes identified as members of An. hyrcanus group based on morphological
characteristics were used for further analysis. The genomic DNA of individual mosquito was extracted, and the
multiplex PCR assay was used to determine the species of An. hyrcanus group. For those mosquitoes without
multiplex PCR products, the rDNA-ITS2 was amplified and sequenced, and the sequences were subjected to BLAST
of the NCBI GenBank database to determine the species. Based on the results of this study and the review of 17
publications that identified An. sinensis using molecular biological methods in China, South Korea and the Far East
of Russian, as well as the collected geographical location and climate data, the influence q value was calculated
using the geo-detector software. The effects of longitude, latitude, annual average temperature and rainfall on the
distribution of An. sinensis were analyzed. Results The improved multiplex PCR method was able to
simultaneously identify five members of the An. hyrcanus group based on the size of the amplified fragments as An.
sinensis (490 bp), An. lesteri (313 bp), An. yatsushiroensis (216 bp), An. kleini (386 bp) and An. belenrae (165 bp). In
this study, the species of 365 Anopheles mosquitoes were identified by multiplex PCR, including An. sinensis (n =
114, collected from Shaanxi, Anhui and Shandong), An. yatsushiroensis (n = 34), An. lesteri (n =9), An. kleini (n =
181), An. belenrae (n = 5).

kwetyangensis (n = 2), An. sineroides (n = 1), An. koreicus (n = 8), An. lindesayi (n = 7) and An. pattoni (n = 4)

The 22 individuals without acquiring amplified products were identified as An.

by rDNA-ITS2 sequencing. The geographic and ecological data were collected from 101 sites, including 80 sites with
An. sinensis and 21 sites without An. sinensis distribution. The calculated q values were 0.592 0 for annual average
temperature, 0.507 2 for latitude, 0.351 2 for longitude and 0.214 4 for annual average rainfall. The results indicate
that the most significant factor affecting the distribution of An. sinensis is temperature, followed by latitude.
Comprehensive analysis of the impact of latitude and annual average temperature on the distribution of Anopheles
revealed that the annual average temperature of 10 °C could be used as the reference to determine the northern
boundary of An. sinensis distribution in China. An. sinensis was distributed in the entire provinces (municipalities or
autonomous regions) of Yunnan, Guizhou, Chongqing, Henan, Shandong, Tianjin, Jiangsu, Anhui, Hubei, Zhejiang,
Shanghai, Fujian, Jiangxi, Guangxi, Guangdong, Hainan, Taiwan, Hong Kong and Macao, and the southern parts of
the Tibet, Sichuan, Gansu, Shaanxi, Shanxi, Hebei, Beijing and Liaoning. Conclusion The improved multiplex PCR
assay used to identify An. hyrcanus group is fast, simple and reliable. The annual average temperature of 10 °C
could be used as reference to determine the northern boundary for the geographical distribution of An. sinensis in
China, and the distribution range is smaller than that in the previously recorded document.
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Table 1 Collection site information of Anopheles samples from 8 provinces of China
B B - " 53R IR
RIS ZRE 1A KA ] A Nx%fﬁﬁié‘fld No. of Anopheles
Collection site Longitude/latitude Date Habitant (;'1 o C}(L) Zec © identified by
nophetes molecular marker
PP Shaanxi Mk /NEITF £ Xiaojihan  38.45°N, 109.58°E  2009-08 H P Pigsty 23 23
Township, Yulin City
2013-08 FE 1 Pigsty 18 18
TR ) B3I 33.56°N, 108.56°E  2013-07 4-[8 Cattle housing 130 42
Xunyangba Town, Ningshan
County
LB Anhui EFE ELER AR Caijiaqiao 30.35°N, 118.49°F 2013-07 F4 1 Pigsty 35 30
Town, Jingde County
T AR Tunxi 29.70°N, 118.32°E  2013-07 T Pigsty 63 30
District, Huangshan City
[ # Henan B ELPGIKAT4H Xizhangeun  34.24°N, 110.10°E  2015-07 J& BT Room 7 7
Town, Shaanxi County and courtyard
117G Shanxi RS ERMPAR AR 3647°N, 113.05°E  2017-08 1 AGRE Goat 30 30
Dahexi Village and Mofu housing, chicken
Village, Wuxiang County housing
LIIZR Shangdong UF T 4 Tangkou 35.25°N, 116.45°F 2018-07 FE I 2F B Pigsty, 263 20
Town, Jining City cattle housing
i Liaoning SRR IR B AMIA S 40.74°N, 124.71°E 2018-07 AP (R S AE) 73 20
Shihugou Township, Cattle housing
Kuandian Manchu (including chicken
Autonomous County and ducks)
ZRUE T AR X Z AT 39.54°N, 124.81°E  2018-08 4= Cattle housing >2 000 10
Liujiabu Village, suburb of
Donggang City
K Jilin BT H W54E Yueqing 42.90°N, 129.83°E  2018-08 FHY Pig farm >5 000 20
Town, Tumen City
B A1k 43.30°N, 129.85°F 2018-08 K 2F B Pigsty, >5 000 20
Mingyuegou Village, cattle housing
Wangqing County
PR Ying'an 42.91°N, 130.37°FE 2018-08 F4 18 Pigsty 90 20
Town, Hunchun City
PRIBIT. Heilongjiang 2350 T AR LT ALUA AT 44.38°N, 130.99°F 2018-08 K 2F B Pigsty, 423 29
Honghualing Village, cattle housing
suburb of Suifenhe City
M5 Inner FUEBHFHARIX Suburb of  44.50°N, 120.89°E  2018-08 FHY Pig farm 1 1
Magnolia Zalute
173k Hebei FRAETT XA X PEHIEL Xidi  40.94°N, 117.68°E  2018-08 T Pig farm 178 20
Town, Shuangyu District,
Chengde City
BEfb AL Longhua  41.33°N, 117.74°E  2018-08 I Pig farm 50 20
Town, Longhua County
Bl b i AR B4 42.15°N, 116.98°E  2018-08 F#:3 Cattle farm 7 5

i % Yudao Township,
Weichang Manchu
Mongolian Autonomous
County

MFPAE R Bos | BT8R R B R /N S 5 a4 ]
(B 2), 35k, Tk i dsoR P il 53 0 28 v A
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22 A Z# PCR JC™ 4 7= ¥ 1Y U 28 xDNA-
ITS2 FEA 434, 28 N Bt BHAE M (An. kweiyangen-
sis) 2 H o EiAedy 1 H | a8 H | AR
W (An. lindesayi) 7 R AMARIEE (An. pa-
oni) 4 5 (F3),
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AF145464.1 Anopheles belenrae
FJ875072.1 Anopheles kleini
AY803797.1 Anopheles lesteri
AJ004942.2 Anopheles sinensis
AY186791.2 Anopheles yatsushiroensis

AF145464.1 Anopheles belenrae
FJ875072.1 Anopheles kleini
AY803797.1 Anopheles lesteri
AJ004942.2 Anopheles sinensis
AY186791.2 Anopheles yatsushiroensis

AF145464.1 Anopheles belenrae
FJ875072.1 Anopheles kleini
AY803797.1 Anopheles lesteri
AJ004942.2 Anopheles sinensis
AY186791.2 Anopheles yatsushiroensis

AF145464.1 Anopheles belenrae
FJ875072.1 Anopheles kleini
AY803797.1 Anopheles lesteri
AJ004942.2 Anopheles sinensis
AY186791.2 Anopheles yatsushiroensis

AF145464.1 Anopheles belenrae
FJ875072.1 Anopheles kleini
AY803797.1 Anopheles lesteri
AJ004942.2 Anopheles sinensis
AY186791.2 Anopheles yatsushiroensis

AF145464.1 Anopheles belenrae
FJ875072.1 Anopheles kleini
AY803797.1 Anopheles lesteri
AJ004942.2 Anopheles sinensis
AY186791.2 Anopheles yatsushiroensis

AF145464.1 Anopheles belenrae
FJ875072.1 Anopheles kleini
AY803797.1 Anopheles lesteri
AJ004942.2 Anopheles sinensis
AY186791.2 Anopheles yatsushiroensis

AF145464.1 Anopheles belenrae
FJ875072.1 Anopheles kleini
AY803797.1 Anopheles lesteri
AJ004942.2 Anopheles sinensis
AY186791.2 Anopheles yatsushiroensis

AF145464.1 Anopheles belenrae
FJ875072.1 Anopheles kleini
AY803797.1 Anopheles lesteri
AJ004942.2 Anopheles sinensis
AY186791.2 Anopheles yatsushiroensis

AF145464.1 Anopheles belenrae
FJ875072.1 Anopheles kleini
AY803797.1 Anopheles lesteri
AJ004942.2 Anopheles sinensis
AY186791.2 Anopheles yatsushiroensis

AF145464.1 Anopheles belenrae
FJ875072.1 Anopheles kleini
AY803797.1 Anopheles lesteri
AJ004942.2 Anopheles sinensis
AY186791.2 Anopheles yatsushiroensis

AF145464.1 Anopheles belenrae

FJ875072.1 Anopheles kleini

AY803797.1 Anopheles lesteri

AJ004942.2 Anopheles sinensis

AY186791.2 Anopheles yatsushiroensis
WO ENTIYALE, UP. SEAEIY,; BP: WARIEEGEIY,; YP. MULRLEIY,; LP. &KL
Y KP. SEScios| ¥y, sp. PRI
The primer position was marked in yellow. UP: universal primer; BP: An. belenrae primer; YP: An.
yatsushiroensis primer; LP: An. lesteri primer; KP: An. kleini primer; SP: An. sinensis primer

BE1 R A 54 AL B R A rDNA-ITS2 5 51 b 3
Fig. 1 rDNA-ITS2 sequence alignment of 5 members in Anopheles hyrcanus group
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F2 ZEPCRESD F LMW ESKRME S5 5]
Table 2 Universal primer and species-specific primers used in
multiple PCR assay

L |2 B
. BRI (5—37) JTBUC S bp
5% Primer Primer sequence (5—3") Fragme/eg; length
WS 5.8s (UP) GAATGTGAACTGCAGGACAC
Universal primer
ABHE IS I(BP)  TCATTTTTCACGACTGCGACGG 165
An. belenrae primer
SIS [#(YP)  GCTTAACACCGCGTTTCTTCA 216
An. yatsushiroensts
primer
FHRIEDE(@IP)  GCTCCATCTACACACAGCGT 313
An. lestert primer
TERIE G PI(KP)  CATACTGTCTCAACGAAACCT 386
An. kleini primer
FPIEFIGHI(SP) GTTGTCCAGCCCGCTAACAT 490

An. sinensis primer

M 1 2 3 4 5 6 7
bp

500
400

300

200

100

M: DNABRGEP; 1~7. MUy bl IR, /MUEEL
POACHRI | SO ae | Wi | S ARl

M: DNA marker; 1 -7:
Anopheles  yatsushiroensis,

Anopheles  sinensis,
Anopheles  belenrae,
Anopheles koreicus, Anopheles sineroides

E2 % EPCRIELE A Hiik $& U B SAL R F
Fig. 2 Identification of the five members of Anopheles
hyrcanus group by multiplex PCR assay
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Fig. 3 Distribution of Anopheles sinensis in China
(italic lines region)

Wy Wb, dbst . T (EEET . HBKX) M
FE BB IX
3 i i

IS IRE Aol 288 ) o it 24 ) TR AT o S 7 A
WF5E A T B A SR I 5T L XA A B R IE
2 LAY o R RE T AR IR SRR (H R 2 i
e S WIE A, OB R A Ak W IR xfE HAZ
7%, T EJEIA R AR E] Dy LA i ) e Ak, SRR g

FAER 2B, RIS DNA P9I 2 5t 0 1
HE, ATABOIRAMNES R ER AR, 2T

ZERB IR, rDNA-ITS2 JF B R AIE & 4 5] 422 I B b e
SR R A 2 WSO A1 B B ERLARL A T s s (s s e8]
%%ﬁ@ﬁﬁmmﬁ@i?%ﬁmmﬁ%%%%
W WCRN A 4 ARG RD 3 B2 SR B £ ﬂT
BiT, ﬁ%rﬁﬁ%*%%ﬁ%ﬁa%m%

AR $ﬂﬁ%nﬁﬁ?ﬂiimgiﬂmﬁ
Peleass) T T A BB IC AY R R 5 IR AT R B
Pl tDNA-ITS2 J7 4, BRI T # Fde 551
Y, ekt T 23 PCR Wk, AR, K
P& PCR 7= W 19 K B 0T LA TR B 25 5] b fe e e . /AR
Fielsr BRI E S WO T AR I AE 5 AN B



rpE A A R S A AR AU 24K 2019 4F 12 A 37 5 6 1 Chin J Parasitol Parasit Dis Dec. 2019, Vol. 37, No.6 -7 -

R3 STFEINHRRWMHMALZFHANER

Table 3 Molecular identification results of Anopheles hyrcanus group

ERILWFN I Hyrcanus group

A

Sampling site

.
No. of samples DAL
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