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ABSTRACT

Introduction and purpose: Human malaria is one of the widespread vector-borne diseases
worldwide. Lots of efforts have been made to control and eliminate the vectors of the disease.
Anopheles gambiae and Anopheles stephensi (4. stephensi) are the main vectors of malaria in Africa
and Asia. The members of Anopheles gambiae complex contain the vector and non-vector species. 4.
stephensi has three biological forms with different vector capacities. The phenotypic and genotypic
diversity has made it more difficult to identify vector populations and consequently the surveillance
and control of malaria. The present study aimed to compare the morphological and molecular
diagnostic characteristics of the two important malaria vectors in the two world continents.
Methods: After searching, studying, and organizing published papers related to the subject,
Anopheles gambiae and A. stephensi species were compared based on the morphological and
molecular characteristics. Different morphological keys for the two species, the specimens
from the insectarium of Urmia University of Medical Sciences, as well as the present species
of national insectarium in Pasteur Institute of Iran, were used for morphological comparison. In
addition, all the present sequences of five molecular markers, including COI, COIL, D3, ITS2, and
OBP1, were extracted from GenBank and analyzed using bioinformatics software.

Results: Based on the obtained results of the present study, the number of ridges on Anopheles
gambiae eggs was more than that on A. stephensi eggs. However, unlike A. stephensi in Anopheles
gambiae, the number of ridges was not a diagnostic characteristic for the identification of
Anopheles gambiae complex. There were four diagnostic characteristics in the larvae comparison
of the two species and there were three different characteristics in adults. All the molecular
markers were capable of separating the two species; however, ITS2 and D3, as well as COI, COII,
and OBP1 markers were preferred for inter-species and intra-species comparisons, respectively.
Conclusion: The combination of traditional diagnostic and new molecular methods can be
simultaneously used in inter-species separation. As a result, in order to eliminate malaria in Iran
and the countries covered by The World Health Organization Regional Office for the Eastern
Mediterranean, it is recommended that the combination of morphological, molecular, and field
epidemiological data can provide practical solutions for vector control programs. Obviously,
none of these data exclusively respond to the needs of the mentioned programs. Furthermore,
the coordination, design, implementation, and evaluation of applied projects, as well as executive
actions, are necessary for the success of these programs regarding the elimination and eradication
of malaria and other vector-borne diseases.

Keywords: Anopheles stephensi, Anopheles gambiae, Morphological identification, Molecular
taxonomy, Phylogenetics

P Citation: Asadi Saatlou Z, Dinparast Djadid N, Raeghi S, Maleki-Ravasan N, Gholizadeh S. Morphological Characteristics and

Molecular Markers in Identification of Anopheles gambiae Complex and Anopheles stephensi Members as Main Malaria Vectors in
Africa and Asia. Journal of Health Research in Community. Autumn 2018;4(3): 42-55.


https://dor.isc.ac/dor/20.1001.1.24236772.1397.4.3.5.4
https://jhc.mazums.ac.ir/article-1-317-en.html

[ Downloaded from jhc.mazums.ac.ir on 2026-02-04 ]

[ DOR: 20.1001.1.24236772.1397.4.3.5.4 ]

JHRC

arols o ciodlew liudag alas

S3950 Mlan

BT piloes” Sliael (Lol 55 (J9U90 S ok 9 (D 39I98r50 ST 329 2 S190
G ST 9 Ll 53 b sYh (ol (all  cuidinl J593T 9 dnols”

oS>

g 53 (s HU Tl Dt Lo 5 05 Jaze Glales 3l S5 Slail bVl iR g dondo
An. stephensi .ol &3 & &y g0 & olom opl (A8l Dodo 5 J S S )3 (ol AW L3405 Sl
PSS lael & ol S5 0L s B 5T 5 LT 0,6 93 53 (ol op) ool 3G An. gambiae s
Ju:tc,:sjl;;l6@\ei,“jjjx,.(.J;Mé\,u}:;6,45;“\J;};T..ut{@‘);uﬁ;w;udwf@,uytf
Solont IS5 AL 0T o5 45 U Glacomar Lol (55 5 (o 59 55 o) ks la) 55 5 (S sline
3 S PP i Sla S s amlie Gda Lol aallls (b3l ol 55 ol 03505 1555 15 45Vl
b plowil (Ui 3T 5 L) Olgr )6 33 53 LoVl J36 ge 587 53 55 S ST e
An.gambiaeq.;;j:AM_LE.MC@:J}»CF)»L:Ja;fo\(&pd@m:)wb‘wjlm:)b’&j)
SIS 51 (S50 55 g0 amslin (1 ks plonil S ST 5m 5 K550 8550 S\ S 505 oLl An. stephensi
3 sl (S ke oKl o g Sl 53 3 g go Sk g0d (655 53 Sl ok b e S8 o G500 50
e 3568 53 IS5 lie gl 8 o3zl Ol 1 ) sty sl o o5 Sl )3 5 g 5o (Sl a0
Cytochrome ¢) COI «(Cytochrome ¢ Oxidase II) COIl JsSsn S5l oy 5l 330 sla JI 5
Odorant-binding) OBP! s (Internal Transcribed Spacer2) I7S2 «(Domain 3) D3 «(Oxidase I
Ly 8 BT Sy 5l (slasl Bl i 3l eslizal b s ks 1wl 05 Slgr <SSL 5 (Proteins

O Lol el oo 2ty An. Stephensi 3| An. gambiae o S slage M S s> olas zb HEYVE|
g gad O gmen OT oSaS” (g5lull (gl s pmdeis Codo An. gambiae s by sl odn. stephensi
Sl S sle ooles ¢l o sdhe (bl 5 gy Sslize (S5s am el 53 5 (Shs slez 65 55 slag)Y anlie )
561058 st lie gl D3 SITS2 gla S e el oSS SouSS 1, 40,8 95 dndl 5 oo J oS sm
Al oo S )| 51458 0553 laamlin 51y OBPI 5 COILCOI

S 3 Ol o Ll 5 o o S oS g0 (Lo s 5 (e oS Sla B s 3l Akl 03l 1§ S R
hakaie 53 hd gy S slay 43S 501l 53 bVl Codim aalpy gliwly 53 55l 316 58 oslinal glai 8 o
5 Sssn (S5 sm slrosls Gl 5l eslinal L35 8 0 oy Cilg Sler Olojle (5 4l
ol 3 e g oS ol 31 w1 G U RS slaanlp sln 1 e 210l ¢ Gin (65 s
Sliios slaz b 5ol s 1t el b (Kialon 5035 (U 28 asl slasl 6 Koy g5 4 Laosls
A5l 5L 350 3380 slacsslen S5 5 LVl (STaky s 5 ol Sl (sl ) ) DLl 5 (63,18

oS5 5kt WSS st o JiS g 58 5B el o 5T ¢ ptinal o 5T 1GOMST OllS

M okiele gl |
Tads Capond L5
Y &L e

"ol vgb ch;
25 k5 Lo

5 Say eelide e szl Wls S gl
(I s Johe i S lBL Lok
Olnl sl caas )l (S pske oMtsls
058 Sy pelise o st wlit)S (5 mtils Y
pske oASusls ol Lol y (St bt i
Ol ) sl ey )| (Ko
‘o‘\" f;e.)\-“&—-i. “,J)Qy é—ﬁj w\.:..h,i‘.» SRS
ol ol 0lal s sy sl
2 BalsT ol oy 3 St pulis S Sk ¥
Ol e e e e (St psle oSl
(Bl Loyl 5 (Sag owlise i b;; SIS0
St poke oy o J S s 5 Jobe Sliiw S e
R WYSRPwYS)
oAl Lol (St alite e o;; obasls £
Lol caes) eanas)) (S pske otsls

f\....mf_- n_g-lf m;b‘dﬁ Ao e s s %
‘A,,A,)lé.:}vr}l.ce\i.ub‘wﬁb\ga})@)é&j

Ol ases)l

Email: sabergholizadeh@yahoo.com,
saber@umsu.ac.ir

YA/ ¥/ 0 il s g
VYAV/ /¥ dy 'c_u\:

Jﬂf&bf)b)éj))é‘)yLglh;}'_jﬁLg‘))jn.ﬁbcaé‘jééEc@Ud_)Lw\}JU.QAQJ{L&“_,’ja‘bé-»\.:j‘%A?wﬁabé‘jbjc)h&bdm‘:bm‘4
FY-00 (IFNFAY 1oL camala 55 oot Dl alzes Loy 3T 5 LT 55 L,V Lol il il 55T 5 4l Jo5T oSlaS” (sliasl olulis s

LSS v g Gl ol [V Wb SY b el s

Aol

5 on K gy pioerle S LY

EV-00 N s las & 0,50 NV Sl Glaisle (St a sle slStily iondlogy 0uSiiils idaola o odlew liidag dhas


https://dor.isc.ac/dor/20.1001.1.24236772.1397.4.3.5.4
https://jhc.mazums.ac.ir/article-1-317-en.html

[ Downloaded from jhc.mazums.ac.ir on 2026-02-04 ]

[ DOR: 20.1001.1.24236772.1397.4.3.5.4 ]

$8/ SLlSan 5 slicleu sucal |10

o~z ) 95 .Cwl Christya 3 Anopheles (Cellia Kertezia
R R e ) el s Cellia 3 Anopheles
5LVl 36 55T 458 55 [a] dmen 55T 8 VAD 5 YYF
a5 33 An. stephensi s An. gambiae ix i 3T 5 LT
bgduand b jlas ol S a (,)'\[ Ll (guazws Cellia
i 51l e ls sl Cellia uim 5 55 4558 33 8 Sl 350
Bl gr g Ll Sl (S sS o sha

S5 18 03 LoVl g L ) S An. gambiae
WIFE Ol gm Ogmar glaysiS 55 Wy 3T 0,6 Cp ©
VKT I o kS (RS SIS pos Ss0er
$F A Gls 5 03 Ol o o p i 4k 5 a coplian
[V (0 JS8) wsl e (Sibling)

S wnd j3An. gambiae > 4o » sdaliv 4S5 blas
«o & 53 An. arabiensis & 5T o) 35 O 5 o
An. s An. quadriannulatus & 37 o, P 9B
An. merus g An. melas y 3,5 o s> 5 8,5 55 bwabae
An [V ]tz oaST o G 3T )6 3,5 Gy 5 of s
Jasl b b oy sl 4 s An. arabiensis y gambiae
Los b Jls Sbl s An. gambiae [V NV ] L,ls 6 i
oT slag,Y LS oo Sl il g 03 50l (6l 0 o
DONF] dyls 1 yss Ty Suj LUy

b b 53 &7 el b,V e I3L S S An. stephensi
OaSL s 0,6 ad (JU yleibs ¢ 230 ¢ gl s Jlo
kS (S3smm Obs,e S5 g 5 Ol Okl
¢S54 s P e shols JBL ) [IV-YY] () JKe) wal
An. stephensi mysorensis An. stephensi intermediate
An. stephensi « [Y¥-Y0] Al . An. stephensi type s
syl Gos S ¢ o Lol a5l Lo gl s
Sl b 5 0Ll (535 2 (ool Jama 3 505 S (6,18 (50

D] Al o ol mal Jstls (STl s 5 4T o (sl 500 55

ahy bug g oedd sbul passen i 51 ool
Sl Ol GIF el 208 e Jime ol 55T
Jls ,5 (WHO: World Health Organization) C.ilig
23 FY Ol 4 Yorr Jlo 4 s LyVh Gy (Y0NS
Lol 6l odd o (e ol 328V s 5 axils 2als”
33 83 o L IY] s s sagr SaHl g
S 5 ()l K Ol e bVl 1 (S5 slaeSer
Ssie Jolse JE) 55 6 Jeuily & Ol siea OT 3L 51 5
A ol Sl e LoVl 5y a1 s 8 e 5L
e Olgea 5 el 5 5T o 1) K a5 L)
ol ol [F] Al e oK 5 (S5 5
Golew JBS7 53 edote OVLI (25,1 DL o5 Lk b
ol B s Sy a5 el o UL
Syl 4 Bliws shuly s g5 0Ll LS &S
Solen onl & Ml 16Ky sl ST5 5 LY UG e
Solew opl 51 (e Glag e Chdle (sl O] Cunl 0550
53,5 Sl g5l (6 Sy 1 Ol 0 0SS 5 (s
23S szl (g lew il J 28

e la Ol gl dlde GHL YL L L8 saSTE L
A ol S 03l gl 9 OV g ataly (Dl i 05, OLL AL
Anophelinae s Culicinae a)fﬁ)’ 35 Slyls eslgl ol
2 Yl oley Bl ol e VWY el & sl
JosT &8 FM 04SG5 ayls )5 Anophelinae o5 5 5
LaT 5168 Ve b P Tagus & Col odd aslis s s
el (ulal cpl  [FV] AL LY ol JBU Ll 5 e
ol 33 UYL ol 8L Ol o4 Anophelinae abfj"j
TA] ol sy 55 6 e Cmol 51 Ol

s Chagasia Anopheles i 4w Jals obfj_j oo
e s 51yl OT Anopheles i S \ils s Bironella

Nysorrhynchus (Lophopodomyia «Stetomyia Baimaia

EV=00 K o las £ 5,50 NIV Sl Slouisle (S a ple s(SEi nslugy ouSiils ol o crodew liaing alao


https://dor.isc.ac/dor/20.1001.1.24236772.1397.4.3.5.4
https://jhc.mazums.ac.ir/article-1-317-en.html

[ Downloaded from jhc.mazums.ac.ir on 2026-02-04 ]

[ DOR: 20.1001.1.24236772.1397.4.3.5.4 ]

wal€ Sl 5 il Jo 3T JoSIgo 5 (3550585 50 dimlia /20

aquasalis  9ambiae ss.and
5 funestus-

pseudopunctipennis

Anopheles :\\ .

W
sinensis

anthropophagus
!

anniularis~

maculatus® %,
favirostris 7 o,

No vector funestus and arabiensis @ pulcherrimus
@@ slbimanus @ barbirostris funestus, arabiensis and gambiae s.s. @1 @ quadrimaculatus
annularis @ culicifacies funestus and gambiae s.s. [ @ sacharovi

@ anthropophagus @ dirus @ gambiaess. multicolor @0 sergentii

@) arabiensis farauti _ " gambiae . and funestus A0 nunez-tovari @ sinensis

@ arabiensis and funestus - flavirostris labranchiae ~ punctulatusgroup @Y stephensi

@ aquasalis @ Auviatilis @ maculatus @ pharcahensis @ sundaicus
atroparvus freeborni @i darlingi and marajoara @ pseudopunctipennis G i

[NE] LY (il Slem pijes 1) JSob

adlas pl s il o Cellia w55 51 95 ,a RS

AL s ol IS 5 (S5 sose sl S s

S8 LOT slulis 6l 5 oslitul 5550 Slis 5 okd duslis

s Ov\i.)‘}f
J8 Sy

5 An. gambiae ) & 5 53 opl awslas ol andllas ol s

Science el oSSl 31 Vs Il (n. stephensi
Proquest s Google Scholar «Scopus (PubMed Direct
Slaosls 31 55 puylh whe 31 eslizal sl Liks (55T e
Irandoc s SID (Magiran Jranmedex LgLAa‘i_l.Lg: Sedbl
Gl S ol S35 0LL s 8 eslazal YAV B Y8 JL
An. An. gambiae § pean SIS 51 OV pl (6 e

Molecular Identification Morphological Keys stephensi

£7-00 F o lacs £ 0,50 NV Swl 5losislo (St psle oSitils

> An. stephensi type p 3 S 5yls Syg e &S5 ol S
S 4> > 55 An. stephensi intermediat «s 45 )5
wbwsy > 5> An. stephensi mysorensis 3 S gians
LYP-YA] asl o ouSTH
L ooisle bVl J S gl SLIGI o g S =Y
DA pSen Ol) o Feb S 5o & el 5T sl
b Gillas LS o €11 amsler S5 55 5131 o 2t 0 1) e
SFkel Olsea L J S bVl J ST e o5 2l
Oloys 1 g asmel> éa... 55 LyYL Jlsl mals gl ol
Gz, J S 5,8 033 S sl 53 e 13l o550
At 3 (S st LOT LB 5 dll e Jls U
Sheslial b Bl 585 oLulid plsl oyl 55 oS laas;
ol i S5 i) 5 e S5 se i)
.Jd)bli.ijéT}l:.»Ta)G}JJ:JS\ljza\SGL:Q.M4..,4?}3\{

5 Lsd o s o)l 53 5o LYW Lol L Ol gea

Cublags suS iy idrola o ciodlew S lEidng ddae


https://dor.isc.ac/dor/20.1001.1.24236772.1397.4.3.5.4
https://jhc.mazums.ac.ir/article-1-317-en.html

[ Downloaded from jhc.mazums.ac.ir on 2026-02-04 ]

[ DOR: 20.1001.1.24236772.1397.4.3.5.4 ]

/) L, (San o slicle sgaeal [0

s« S o, MEGAT
L adl

Sy oy BES (Kids glbs al
5 boals wilbe S5 el 02 s g plb
Jsde 55 (Sidsyse Slllas bl o 2l a5l
a3 OLE 035 (S35 5m Amglin ol o o3l OLES )
Sl ulul p s 65 95 ol Slpss 53 pgr Dol S
S An. gambiae 5> 5 55 o35 S5y g 3 Sz
SS90 An. stephensi Vs> .ol An. stephensi |
An. gambiae UM S5 gl e
Y jasis 53 bS5y i bl e
ab (o Shssp Sl eyl KA 5l 68 5
(A-P) oShssn i ol pl al 5 Gl sbaeds
(Y JKa) wsl

> o9 An. stephensi éb d> o jesil js S ;},j
23 S s ol S Sl L Bl 5 01 Gas p phsy S
ol sl ol addlae s 3 45 e sdalin 5 An. gambiae
et 53 phiie 85, s pde L sy 8 53
(1 JS8) W § sl gl JUS 0,5 4t

An. gambiae ;> ITS2 Jo\S Mg 5l (b sl
bp $##-F7A L .|, An. stephensi y5 5 bp F¥V-FFY Jsles
05 e O ol 53,8 55 L el ) 2l o
53 eddodalin OoMesl 58 I SGuSS 511, ol o
Jsd>= )3 An. stephensi y An. gambiae JTS2 s g
sl s s, SIS L s Ll el esls GLES Y
03 ITS2 S, 4\, An. stephensi s An. gambiae
w68 95 Sl cpl pluly il s odalie b P S

Cloaies PN Oy gods An. gambiae N ol yor

s Keys Molecular Distribution (Molecular Markers
bl OMLSJJT@? SYe s eslizwl Identification
5 I b (SK5dm amlin § 55 (sliow o 48 gl
S Sl gy s S5 Jolp Ogr Slosb g ool aslsl
ks geipins o 8 S S5 Lot 4 by
(S5 ol el el e nl plal kit
BUs oY (i ol 03 68 55 S5, wllas
85 2 Gln s il Sl 5 OVl 5 s el
3o Slamlie Soson 5 Lb GAuaes k3 8 2l Sl
CLalS s & Cole Ol bl Ll 23S 15 anlas
LS s o bl s b S s 5l Fp S5 S
B Sy il Fp bl oy ok oylal LOT & 65 53 5
An. stephensi  oaiii WIS 4> An. gambiae (AJS
SLd gl 3l awlan 5 gwyp 6l 9y ool S sARSIN 5,8
pole ouils oyl (blgy US> 0550 53 3 e
M (’)ﬁ)tgm” 03 3 m Gk ged omen 5 gyl (S
A eslizal Ol sl gl 5Bl 5 LY Sldlas i
Ao 53 (Shs S o ab e o adlle ol s
g o3 S s s Bl 05 5 Sns s Y
05 g (IS amlin Glp plposde 288 15
o3l 05 Sl <SS 51 J s Sobe a5l e
Cytochrome) COI S SIS 51,8 5l (6l a5
ITS2 (Cytochrome ¢ Oxidase 1I) COIIl «(c Oxidase I
s (Domain 3) D3 «(Internal Transcribed Spacer2)
Sia (’JN L% eslizwl (Odorant-binding Proteins) OBPI
tlio 5l (IS0 Sl Sl ol addlls 53 oS ol
ke LOT (il 8 w3 8 eslisal 55T 65 55 0l
Lol &l .OBPI D3 «COII (COI dTS2 3| &5
Bioedite s MultAlin 3T 51 3le 5 51 55 s s S
Nl 5 S5k (sl IUT plate ¢ imman S o3linl

EV=00 K o las £ 5,50 NIV Sl Slouisle (S a ple s(SEi nslugy ouSiils ol o crodew liaing alao


https://dor.isc.ac/dor/20.1001.1.24236772.1397.4.3.5.4
https://jhc.mazums.ac.ir/article-1-317-en.html

[ Downloaded from jhc.mazums.ac.ir on 2026-02-04 ]

[ DOR: 20.1001.1.24236772.1397.4.3.5.4 ]

waol€ S8l 5 crdtinl J8 3T JoSIgn 5 (S35 50585 30 Liamlia /2V

&S 3J ilisee Jolpo g3 An. stephensi 9 An. gambiae sadsS S5 59)9d )90 dumlio 1) Jgaz

An. stephensi

An. gambiae

Al> e

YY-4

¥oovo

(055 90 Slag)) p59

2l alols K5 51 sy sladlls
sl ol L5 sladlenls

o sl cridiin S'gh Caomd )3 (o8 Syl a9 059 05l

.LLL‘QJ oslw 1OM o 039s Lariiio M

)l 4ol K8 5l sl sladlzls a

s 45 3930 0T 552 oledsl | 5 At o3l b 51 sladlils b
Al Jils

Al Oleiil et 5l xS b g i ool b ()5 sladlnds’ e
i 03l 95 ;8 IOM 9 OM ST, 65950 (ol GLm[,.i..:,.-ld

O JS 255 4l 5 03,8 1) 55026 sbay 1-P (S5 lis iy ol e

sl 0 03559 5l 15545 il ool US s
0 0559 Il (95 i pl cnl JS g iy et 33msn b g 05 SongS Sos b )Y
sl 05l Saddle (s bl el Yo sl slu a5 50 | Saddle (sg0 f
sl Hl5 L Spicules 186 diuw 4w 9 (oSb slass Sb ol ,5 L Spicules 180 dis duid 9 oS slaow il bl g
- lass sl gaio ol oo dols Y/V b el JB 5 sl h
Ablsad lazy Slapis sl oo Aol s 1 iy O Sligy SR St on [T o9 ofd et J )“iit
BTl
bl s 5,8 9 Koo FOWFSWEPSW N S STV TR L,,Jl?dlmr,;.iﬁlql.;i
D13 g, b oy 4l JSlas b (sl JUS, D13 by b oy 4 ez Jolas Jb sl JUS, 0
A gy slaasd shls lab i gy slaas sl lab b
Al gy laguls Slosudss oS0 V-A las Al gy lauls shls g WoSh e g cia slai ¢
3T S lesl b & simes pds bl b bl
Lol Se slenl ub aiwd opo9) Bb ks b ol ikt b9y Bl boaw bl bl d &L

o 9 asd QT 260 ‘JLf) (3% A.::l; g
il opig ) &SI s> Ak e slesl o b slaasiy V-F slasw

)l 3529 gy laasd dlS ) e slasle s

..,\.«i}lg‘soa}.ﬁjchi.u&;ﬁlébb LJL?) 0 3 a>b Osagew €
A gy &S bl e slesl oo b slhasiy V-F glass f

315 5925 gy e adlS ) 4 ere slazl b s f

g_,ejf , 3 An. stephensi
COI s g ulal, ) woskd TS5 s
wls 95 43 &8 43 An. stephensi s An. gambiae >
4w > An. stephensi ¢ pl pogde 4..34.? B & s
S S St D B A 55 sl e L
Sl el wji Cyse o554 An. gambiae s b S
K 5l e &y goas An. bwambae ) Sy 9o Jle

An. bwambae s An. arabiensis s\l &LMG; Lgd
e ..ij.fu.ﬁ ) 3 An. gambiae 1 1d> glaslis s 50
A S5 s Gl Sl arail 5 ITS2 Sl o8 sl
Sy S5 opl S5l oSS Ji.&; 3V |y stephensi
(HQ703001 o lais 4) An. stephensi 31 g ¢S & 5,05
Olas 1y CoMastl deoy> \YW=\F 550> An. stephensi b oS

b Jls 3l a€lus glasls s sk s s wls e

EV-00 N s las & 0,50 NV Sl Glaisle (St a sle slStily iondlogy 0uSiiils idaola o odlew liidag dhas


https://dor.isc.ac/dor/20.1001.1.24236772.1397.4.3.5.4
https://jhc.mazums.ac.ir/article-1-317-en.html

[ Downloaded from jhc.mazums.ac.ir on 2026-02-04 ]

[ DOR: 20.1001.1.24236772.1397.4.3.5.4 ]

SN/ SLlSan 5 slicles sl |10

An. b Ny Ole 3 An. arabiensis s g 5 o34
Go S S5l 5 om by Llas £ 15 gambiae
Ol ¥ Jsder s andlas 5,50 JsSse gl SHb ulul
RS PR WP

ol 65 55 Gl Jlg 5 edbew, S3skd s
ey 685 53 Llg e Sl ol & sls ol COIT
63,5 4w 43|, An. stephensi s g A8 lu Ji.&;
(g 53 do e opl 5o O IS bled Gluatus |z
An. gambiae D3 Olge > 05 Sl eSSL Sl AY
sl Jds 4 0T JIg aw o8 s ¢!\ Al An. stephensi
Al S5 0¥ 3K 5 eslinal 30 6o S
An. 4 by e Mg s An. gambiae u.,iL.S slasl
ol OS50S Sl ¢SSL s An. arabiensis  gambiae
injT Sl An. gambiae W& sas S 350 Olge LU 5y
An oyl 4l 1 An. stephensi Sag i 5 s 5T o) s
e &S s Ol b Mg anslas .uUu\ibe 6))TC.? e 8
s g o ys =2 /YF 590> An. gambiae s\ J\ 5
33 b g o 9 doys VO s5u> An. stephensi
13 3y O Ao p3 WY Kl by a6 5
An.gambiae ;5 b g ple asdlas ) s ‘ﬁs C )l
bp YaY-Y¥A¥ Uslee An. stephensi ;5 5 bp YAY sl
T Cewda

An. gambiae y>sD3 g 3l eslel b aS 554ké S s
95 Bl oo SHle pl a8 sl Ol il (o An. stephensi
S a5 La 55 53 5 A5 e KuK 51 o 1) 65
Ll S 1y 68 05,5 shasl Llg o Ll tdas 3
5 el 6 K5 G55k 0 Kos 5 1L JS2)
93 Gllis i ede S w5 8 ¢y OBPI 4> 0 |
I3 13 s 03,5 4w 5 1, An. stephensi cjfu.xfu Sas

A )

An. gambiae An. stephensi

(¢

99 4l o S5l 50 (510,55 329 gl ¥ JSi
An. gambiae 9 An. stephensi

ML’G‘ )V Joa= s aabdl)l ‘SLb;y,)J Ghioila B9 "

EV=00 K o las £ 5,50 NIV Sl Slouisle (S a ple s(SEi nslugy ouSiils ol o crodew liaing alao


https://dor.isc.ac/dor/20.1001.1.24236772.1397.4.3.5.4
https://jhc.mazums.ac.ir/article-1-317-en.html

[ Downloaded from jhc.mazums.ac.ir on 2026-02-04 ]

[ DOR: 20.1001.1.24236772.1397.4.3.5.4 ]

waol€ S35 it J8 3T JSIgn 5 (0550585 50 iamlia /24

An. gambiae An. stephensi

An. gambiae 9 An. stephensi @b SGjglsd )90 S S 29 dmulio I S

bl ge ) Jgaz s 024l sl S hg o Gebio fia L9 "

ciliso J9SUgo sl S )lo bl o An. stephensi 9 An. gambiae sb4sS Susj sl ;¥ Jgs=

GsS 95 o OWS] 300 slalys ol 4T JSls s

Transversion  Transition  Deletion Insertion Lo
(du0,5) e (20,5) d’g?;)

\& fo \ . AT An. gambiae
FY/TY Yas o 82

A A \ f [ An. stephensi

A \ng \ . L/.—.q/sF An. gambiae
\V/0 104 cor

\ \& . . Y_./-0 An. stephensi

v VY . . L/\S-\/58 An. gambiae
\RVAY Y. ) coln

4 Ys A 14 s_./q¥f An. stephensi

\ . . . _./Ys An. gambiae
\Y A- D3

v v Y . ARNT An. stephensi

_ _ _ _ _ An. gambiae
fs OBPI

Y 2 14 . /Y-85y An. stephensi

£7-00 F o lacs £ 050 NPV Swls 5luijlo (St psle olSitill cntligs 0aSutill tmaln o codlew clising dlas


https://dor.isc.ac/dor/20.1001.1.24236772.1397.4.3.5.4
https://jhc.mazums.ac.ir/article-1-317-en.html

[ Downloaded from jhc.mazums.ac.ir on 2026-02-04 ]

[ DOR: 20.1001.1.24236772.1397.4.3.5.4 ]

04/ SlolSan 5 shieles sl L2

KT160243.1Anophelesgambiae
GQ870317.1Anophelesgambiae
AM231289.1Anophelesgambiae
GQ870322.1Anophelesgambiae
EU104648.1Anophelesgambiae
8 | GQ870314.1Anophelesmelas
GQ870316.1Anophelesquadriannulatus
GQ870313.1Anophelesmerus
GQ870320.1Anophelesbwambae
95! GQ870318.1Anophelesbwambae
DQ287724.1Anophelesarabiensis
DQ287713.1Anophelesarabiensis
DQ287750.1Anophelesarabiensis
KT160245.1Anophelesarabiensis
DQ287770.1Anophelesarabiensis
DQ287692.1Anophelesarabiensis
GQ870321.1Anophelesarabiensis
DQ287744.1Anophelesarabiensis
HQ703001.1Anophelesstephensi
EU346653.1Anophelesstephensi
99 AY702485.1Anophelesstephensi
AY702486.1Anophelesstephensi
82 | KM052589.1Anophelesstephensi
EU359676.1Anophelesstephensi
DQ662409.1Anophelesstephensi
EF613291.1Anopheleshyrcanus

@

6|

3

0.20
» Kimura2-parameter Jao LITS2 Jlg5 jolwl o 0 2dploul Ciliso Olallhas i 4olS JogiT g (g J39iT S jahid s i JSUb

Maximum Likelihood 41,

AY883833.1Anophelesstephensip
AY883831.1Anophelesstephensip
AY883834.1Anophelesstephensip
AY883836.1Anophelesstephensip
AY883837.1Anophelesstephensip
AY883830.1Anophelesstephensip
AY883832.1Anophelesstephensip
DQO022845.1Anophelesstephensip
KY863454.1Anophelesstephensip
FJ526438.1Anophelesstephensip
- AY883835.1Anophelesstephensip
KX148467.1Anophelesstephensip
DQO026675.1Anophelesstephensip
sk | AF417749.1Anophelesstephensip
AF425844.1Anophelesstephensi

KX148466.1Anophelesstephensip
99

DQO022847.1Anophelesstephensip
DQO022846.1Anophelesstephensip
EF208912.1Anophelesstephensiplike
FJ526437.1Anophelesstephensip
JX139608.1Anophelesstephensic

HQ197490.1Anopheleshyrcanus
DQ792580.1Anophelesmelas

DQ792579.1Anophelesmelas
DQ792581.1Anophelesquadriannulatus

70 | AF417741.1Anophelesarabiensisp
DQ792576.1Anophelesarabiensis
DQ792578.1Anophelesgambiaec
73 | NC 028212.1Anophelesarabiensis
DQ792577.1Anophelesgambiaec
66 | AF417742.1Anophelesgambiaep

99

—_
0.0100
4 » Kimura2-parameter Jso b COII &§ bl 51 33bplon] cilisre Solella jl 4umolS Jog5T 9 pummtiion] J395T S jold a5 10 JSUb

Maximum Likelihood

E17=00 F s lait i 0,50 NPV Snls olotislo (S35 a sl olSitill wniblugs suSitill tmola o iodlw liidns alas


https://dor.isc.ac/dor/20.1001.1.24236772.1397.4.3.5.4
https://jhc.mazums.ac.ir/article-1-317-en.html

[ Downloaded from jhc.mazums.ac.ir on 2026-02-04 ]

[ DOR: 20.1001.1.24236772.1397.4.3.5.4 ]

wal€ Sl 5 crdtinl J8 3T JoSIgn 5 (3550585 50 iamlia /0

EU104656.1Anophelesgambiae

100

EU104661.1Anophelesarabiensis

EU104650.1Anophelesgambiae

DQ981412.1Anophelesstephensi

o EF216892.1Anophelesstephensi

0 {
GU479450.1Anophelesstephensi

AM773813.1Anopheleshyrcanus

0.050
4 0 Kimura2-parameter Jao b D3 0 Gwbol o 008 plnl Ciliseo lallbs jl duolS Jo55T 9 guuniiian] Jo95T S folad s> 15 JSob

Maximum Likelihood

KJ557460.1Anophelesstephensi
KJ557461.1Anophelesstephensi
KJ557459.1Anophelesstephensi
KJ557455.1Anophelesstephensi
KJ557453.1Anophelesstephensi
KJ557450.1Anophelesstephensi
66 KJ557449.1Anophelesstephensi
KJ557457.1Anophelesstephensi
4 KJ557458.1Anophelesstephensi
KJ557467.1Anophelesstephensi

D

20| KJ557451.1Anophelesstephensi
\- KJ557466.1Anophelesstephensi
KJ557463.1Anophelesstephensic
KJ557462.1Anophelesstephensi
KJ557465.1Anophelesstephensi
g6 | | KJ557452.1Anophelesstephensi
KJ557464.1Anophelesstephensi
88 | KJ557456.1Anophelesstephensi
KJ557468.1Anophelesstephensi
KJ557454.1Anophelesstephensi

AF437884.1Anophelesgambiae
KJ958382.1Anophelessinensis

w

i

100

100

4 » Kimura2-parameter Jso b OBPI (5 jolwl s 238 plonl calise Olallae jl 4uolS J595T 9  pammtiion] J95T S jgld s )3V JSU5

Maximum Likelihood

EV-00 K s las & 6,50 NIV Sl Glaisle (St o sle slSEil0 wonslugy 0uSiils idaola o ceodlew liidng alas


https://dor.isc.ac/dor/20.1001.1.24236772.1397.4.3.5.4
https://jhc.mazums.ac.ir/article-1-317-en.html

[ Downloaded from jhc.mazums.ac.ir on 2026-02-04 ]

[ DOR: 20.1001.1.24236772.1397.4.3.5.4 ]

O/ GllKas 5 slicleu jsucal |10

INOVXY] Cl ot 3 5 6 g 65
o % 5 An. gambiae s.s ;3 ITS2 Jg S50 6T
Bl sl ailate 53 ,5M 5S a5 505 S Glap 2 o) g i 5T
[PY] il as 03lw & 8 S An. gambiae S 51> Hlzs STbb
59 Ol pl o> An. stephensi Cuxaz 55 RAPD 4 ITS2 30T
Slap L6 S & L5 0 Ol 368 8 55 0T sk 5
Sslite oLl e 55 bl 5o Calibee S5 ST 5 (K5
s Jig ok ok S s aalllas ol Hs [YF] LaL
sl QLS ITS2 S )b a\y  An. stephensi s An. gambiae
Oy gon |y An. gambiae LSS Llg o Sl cpl oS
s An. arabiensis JSl L;LMJ}? 503 505 (ShudIwd PRV
Ll ¢das Hl 3A4n. gambiae 11> glasls y5 1) An. bwambae
..\Jafg‘q &Sﬁﬁd&i 51 An. stephensi ¢G5 5o Slap
An. stephensi u-i')ﬁjﬁ‘ (ajé 93 gluls ‘Jf\i’ Cs )l
3] a-\..irLS)chu.‘{- An. stephensi type o mysorensis
SITS2 S5l 55 51 eslial b tia o6 4l Calibes bl
i by b g ol & cals of 1 ol D3
Gilulde 4 536 b SHb ol 5 o3y 0L adlas 35
Sla iy 51 eslizal ol pesdle [YO] Ldb i g 55 ol
An. gambiae An. funestus ,5> D3 4 ITS2 (COI >
s S (oI s g, & sls ol An. rivulorum 4
Gawaib OLSS Oygon An. gambiae sl ShaS
3 eboslw JTS2 b Jig 55 & Jbjs sdledd
Gl I T ety ol 55 [¥9] 35 8 o otalin gduaid
&S 55 OT edmsilis Ol pl s An. stephensi COIl 4 COI
ol COIT b JI5 53 oSl W5 slaw 1 s
235 SIS 4 8035 e Lilomer 5 (S3slse slap
G e sl 65 ol il Glalmer 53 LIS ol
COI IS0 gy 53 BLi,l cpl s [PV] a0 K aSKS
e | qs}f@.» OS5 548 55 An. stephensi s,

6);‘\’&:-"3)‘5’9

S5 P sl leslizel wlie i Sllas s

o i opl (S5 o o de Sl g 53 B e g e
St o35 Gidose S Aase Ol o35 S5,
Coguis An. gambiae SlaS SSE (gl pasei
SidPose b bl 5o eosdous sl Slalles 550
o ¢ olad s ‘_SLH.A 2 RGP PN (:Bu‘ Jgj-’T 9 2 V’J
3 03y Sy Cwwd 3l 5 2 e An. gambiae o> sl
[Ya] sl ot 3,1 8 e YO-Y oS3 Slage sl
4 e Sy 5u@J bl An. stephensi cjil.s S )l
0 03 d5mse Slagy SN &5 35k Ay p b dn
intermediate (:J.é )3 LA@J sldad 03540 VP-YY 394> type
3,5 4-Y0 . mysorensis Dé 33 8 390 VY 5>
G S5y 5l eslimul dy o a5 4 [YA] ol ods 3,18
S s 68 5 RTINS S STRC S P PP
UYL bl oSS s (Ssh sl Sl Sl eslizal

S5 e p o 1 oslizal .l Hla, 2 oYU Coenl
wils Sy0 Gllid 5 et 56 U150 G5 Sl s
(2bodS g s Gl SLOS ol 4 ey Lo
Sldal 4 ax g L) jaseis 5o LT (a\,\fjm 51 eslansl
93 Obojen dwlae &5 Cuwl S5 0LLE 5405 Cuenl (anfllas
o ¢Lga| 0sSG An. gambiae s An. stephensi ﬁjf
Comer S5 adlls 5 ololis ol s SHb ool Sl
S ITS2 S 5l ol oy § oslimul 655 53 ol 51 S
adlas (g1 O 51 &8 dsbio mly Js850 o S5L 5
Olge Lb ¥ ] ol o esliznl 01 5l sla 6 5T oS5 5k

3 ol lasl gLk Gl s Sl cpl 548 5 50

EV=00 K o las £ 5,50 NIV Sl Slouisle (S a ple s(SEi nslugy ouSiils ol o crodew liaing alao


https://dor.isc.ac/dor/20.1001.1.24236772.1397.4.3.5.4
https://jhc.mazums.ac.ir/article-1-317-en.html

[ Downloaded from jhc.mazums.ac.ir on 2026-02-04 ]

[ DOR: 20.1001.1.24236772.1397.4.3.5.4 ]

wal€ Sl 5 il 8T JSUgo 5 (550085 50 diamlia oY

G4 S U5 Camer Sy Slllas s Ll il clis
S 2,8 OBP1 5 COI (COII dle IS g0 sla S )le
5 0lpl 5o LYl COod asl p slinly Hs gy ool 51 eiyls
Oljle B4 &l mde gladkie s t3 g Cow la, 4SS
S5 ST wus la gy S eslizal (Cildg Sler
S g0 (S5 P)5m slaesls Gl LG 338 o 4o s
Sl sl Jos oL, el, Ol She (655 syl
ol ) S 8 Sl el ol &)1 6 J xS
30355 il S aaliy slajls 6 Sl lgS e Waesls
3,08 Slidd sz b i)l 5 Ll ol b Sialea
SVl STadsy 5 Code b ge a0V ol 2l Sl

Al e o1 3L e sl Jil.s
uﬁ‘b)u\é

S sl Sl die ol 08y dbws o
T sl (S psle oBails S50 5 Il Sl
S 5 LYl Sliies 055 e g Kl 5 (YFFe o les

Asledgr (S8 Ol sy gl

References

1. Vernick KD, Waters AP. Genomics and malaria
control. N Engl J Med 2004; 351(18):1901-4.

2. Who/Unicef Report: malaria mdg target achieved
amid sharp drop in cases and mortality, but 3
billion people remain at risk. Neurosciences 2016;
21(1):87-8.

3. Barber BE, Rajahram GS, Grigg MJ, William
T, Anstey NM. World Malaria report: time to
acknowledge Plasmodium knowlesi malaria. Malar
J2017; 16(1):135.

4. Miller J, Broad WJ, Engelberg S. Germs: biological

LS Gaks ot [FA] At odalin blomar o (S35
ol o3 An. stephensi s An. gambiae ;3 D3 g ;) sslewsl
a8 55 Wl Sole cul & 315 0L (3 8 oy anlllas
a3 A1 45l 53 53 5 A4S e K0Sl e
Al e 1y 45,8 0953 glael Ll g o Lol

Ol gea An. stephensi ysOBPY 0 xulasb I j\i,_;‘-\
o) S5 slap b S8 5 plelid sl S5 S
o) g ool Siske ot ys [YA] Sl ol eslinal 4,8
0353 sl @8 55 luldr oD a5 5l olis Sk
4 bl s,ulaf Sl e 0_5_)? aw > An. stephensi 5\45)?
05 Sl eSSb ys An. gambiae 3\ Mg &S s Sl s
PSS slael 55 O G 3558 53 Ol5 b 350 357 50
e b lebl An. gambiae

Calies gla Sy, Sl Rl eslitel S e b
Sl sy Sl eslial boar 5 s Doseon ) padelil
S5 o S8 > b5 e (e s Sl 5 S
Soslizal ¢ 55T glaw & ¢SK&i 53 .5,8 )15 oslinal 3 4
oS Vs ombls s 4 D3 SITS2 a5le slecn sla S L

S5 53 e oSSE Sl Llg o Do SYsb 3 pds

weapons and America's secret war. New York:
Simon and Schuster; 2012.

5. Ockenhouse CF, Sun PF, Lanar DE, Wellde
BT, Hall BT, Kester K, et al. Phase I/Ila safety,
immunogenicity, and efficacy trial of NYVAC-P{7,
a pox-vectored, multiantigen, multistage vaccine
candidate for Plasmodium falciparum malaria. J
Infect Dis 1998; 177(6):1664-73.

6. Harbach RE, Kitching 1J. The phylogeny of
Anophelinae revisited: inferences about the origin
and classification of Anopheles (Diptera: Culicidae).

EV-00 N s las & 0,50 NV Sl Glaisle (St a sle slStily iondlogy 0uSiiils idaola o odlew liidag dhas


https://dor.isc.ac/dor/20.1001.1.24236772.1397.4.3.5.4
https://jhc.mazums.ac.ir/article-1-317-en.html

[ Downloaded from jhc.mazums.ac.ir on 2026-02-04 ]

[ DOR: 20.1001.1.24236772.1397.4.3.5.4 ]

08/ ShlKan 4 glicl sucul /405

Zoologica Scripta 2016; 45(1):34-47.

7. Service M, Townson H. The Anopheles vector.
London, UK: Dragana Manestar; 2002. P. 59-84.

8. Salem OA, Khadijetou ML, Moina MH, Lassana K,
Sébastien B, Ousmane F, et al. Characterization of
anopheline (Diptera: Culicidae) larval habitats in
Nouakchott, Mauritania. J Vector Borne Dis 2013;
50(4):302-6.

9. Gilles M, De Meillon B. The Anophelinae of Africa,
south of Sahara (Ethiopian Zoogrographical Region)
Johannesburg. South African: Publications of the
South African Institute of Medical Research; 1968.

10.Coetzee M, Craig M, Le Sueur D. Distribution
of African malaria mosquitoes belonging to the
Anopheles gambiae complex. Parasitol Today. 2000;
16(2):74-7.

11. Santolamazza F, Della Torre A, Caccone A. A new
polymerase chain reaction-restriction fragment
length polymorphism method to identify Anopheles
arabiensis from An. gambiae and its two molecular
forms from degraded DNA templates or museum
samples. Am J Trop Med Hyg 2004; 70(6):604-6.

12.Scott JA, Brogdon WG, Collins FH. Identification
of single specimens of the Anopheles gambiae
complex by the polymerase chain reaction. Am J
Trop Med Hyg 1993; 49(4):520-9.

13. White GB. Notes on a catalogue of Culicidae of the
Ethiopian region. Mosquito Syst 1975; 7:303-44.
14.Kiszewski A, Mellinger A, Spielman A, Malaney P,
Sachs SE, Sachs J. A global index representing the
stability of malaria transmission. Am J Trop Med

Hyg 2004; 70(5):486-98.

15. Mastbaum O. Past and present position of malaria in
Swaziland. Am J Trop Med Hyg 1957; 60(5):119-27.

16.Ribbands CR. Differences between Anopheles melas
(A. gambiae var. melas) and Anopheles gambiae. I.-
The larval Pecten. Ann Trop Med Parasitol 1944;
38(2):85-6.

17.Bruce-Chwatt LJ. Essential malariology. New
Hampshire, USA: William Heinemann Medical
Books Ltd; 1985.

18.Krishnan K. Anopheles stephensi Liston, 1901.
India: Vectors of Malaria in India; 1961.

19. Manouchehri A, Javadian E, Eshighy N, Motabar M.
Ecology of Anopheles stephensi Liston in southern
Iran. Trop Geogr Med 1976; 28(3):228-32.

20.Morgan K, O’Loughlin SM, Mun-Yik F, Linton YM,
Somboon P, Min S, et al. Molecular phylogenetics
and biogeography of the neocellia series of
anopheles mosquitoes in the oriental region. Mol

Phylogenet Evol 2009; 52(3):588-601.

21.World Health Organization. Resistance of vectors
of disease to pesticides. Fifth report of the WHO
Expert Committee on Vector Biology and Control.
Resistance of vectors of disease to pesticides Fifth
report of the WHO Expert Committee on Vector
Biology and Control. Geneva: World Health
Organization; 1980.

22.Sinka ME, Bangs MJ, Manguin S, Coetzee M, Mbogo
CM, Hemingway J, et al. The dominant Anopheles
vectors of human malaria in Africa, Europe and the
Middle East: occurrence data, distribution maps and
bionomic précis. Parasit Vectors 2010; 3(1):117.

23.Gakhar SK, Sharma R, Sharma A. Population genetic
structure of malaria vector Anopheles stephensi
Liston (Diptera: Culicidae). India: National Institute
of Science Communication and Information
Resources; 2013.

24.World Health Organization. Anopheline species
complexes in south-east Asia: WHO Regional
Offices for South-East Asia New Delhi. Geneva:
World Health Organization;1998.

25.Sweet W, Rao BA. Races of A. stephensi Liston,
1901. Indian Med Gazette 1937; 72(11):665.

26.Rao TR. The Anophelines of India, Rev. Edn. Delhi:
Malaria Research Centre (ICMR); 1984. P. 154-8.

27.Rutledge LC, Ward RA, Bickley WE. Experimental
hybridization of geographic strains of Anopheles
stephensi (Diptera: Culicidae). Ann Entomol Soc
Am 1970; 63(4):1024-30.

28. Subbarao SK, Vasantha K, Adak T, Sharma V, Curtis
C. Egg-float ridge number in Anopheles stephensi:
ecological variation and genetic analysis. Med Vet
Entomol 1987; 1(3):265-71.

29.Holstein MH. Biology of Anopheles gambiae
research in French West Africa. Geneva: World
Health Organization; 1954.

30.Gholizadeh S, Djadid ND, Nouroozi B,
Bekmohammadi M. Molecular phylogenetic analysis
of Anopheles and Cellia subgenus anophelines
(Diptera: Culicidae) in temperate and tropical regions
of Iran. Acta Trop 2013; 126(1):63-74.

31.Djadid ND, Gholizadeh S, Aghajari M, Zehi AH,
Raeisi A, Zakeri S. Genetic analysis of TDNA-ITS2
and RAPD loci in field populations of the malaria
vector, Anopheles stephensi (Diptera: Culicidae):
implications for the control program in Iran. Acta
Trop 2006; 97(1):65-74.

32.Gentile G, Slotman M, Ketmaier V, Powell JR,
Caccone A. Attempts to molecularly distinguish

EV=00 K o las £ 5,50 NIV Sl Slouisle (S a ple s(SEi nslugy ouSiils ol o crodew liaing alao


https://dor.isc.ac/dor/20.1001.1.24236772.1397.4.3.5.4
https://jhc.mazums.ac.ir/article-1-317-en.html

[ Downloaded from jhc.mazums.ac.ir on 2026-02-04 ]

[ DOR: 20.1001.1.24236772.1397.4.3.5.4 ]

wal€ S8l 5 il Jo 3T JoSIgo 5 (3550585 50 Limlia 00

cryptic taxa in Anopheles gambiae ss. Insect Mol
Biol 2001; 10(1):25-32.

33.Gentile G, Slotman M, Ketmaier V, Powell JR,
Caccone A. Attempts to molecularly distinguish
cryptic taxa in Anopheles gambiae s.s. Insect Mol
Biol 2001; 10(1):25-32.

34.Djadid ND, Gholizadeh S, Aghajari M, Zehi AH,
Raeisi A, Zakeri S. Genetic analysis of TDNA-ITS2
and RAPD loci in field populations of the malaria
vector, Anopheles stephensi (Diptera: Culicidae):
implications for the control program in Iran. Acta
Trop 2006; 97(1):65-74.

35. Alam MT, Bora H, Das MK, Sharma YD. The type
and mysorensis forms of the Anopheles stephensi
(Diptera: Culicidae) in India exhibit identical
ribosomal DNA ITS2 and domain-3 sequences.
Parasitol Res 2008; 103(1):75-80.

EVy-oo erJLa.‘z & 8y 9d Ary _):I:lét I{J’{).JJJLOUSJZ);:[:JIC LA

36.Norris LC, Norris DE. Phylogeny of anopheline
(Diptera: Culicidae) species in southern Africa,
based on nuclear and mitochondrial genes. J Vector
Ecol 2015; 40(1):16-27.

37.0shaghi M, Yaghoobi F, Vatandoost H, Abai M,
Akbarzadeh KJ. Anopheles stephensi biological
forms, geographical distribution, and malaria
transmission in malarious regions in Iran. Pak J Bio
Sci 2006; 9(2):294-8.

38.Ali N, Hume JC, Dadzie SK, Donnelly MJ.
Molecular genetic studies of Anopheles stephensi in
Pakistan. Med Vet Entomol 2007; 21(3):265-9.

39.Gholizadeh S, Firooziyan S, Ladonni H, Hajipirloo
HM, Djadid ND, Hosseini A, et al. The Anopheles
stephensi odorant binding protein 1 (AsteObpl)
gene: a new molecular marker for biological forms
diagnosis. Acta Trop 2015; 146:101-13.

condlags 0uSiily cdrola o crodew lEdaT das


https://dor.isc.ac/dor/20.1001.1.24236772.1397.4.3.5.4
https://jhc.mazums.ac.ir/article-1-317-en.html
http://www.tcpdf.org

