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Abstract

Introduction: The simplest living things containing chlorophyll are algae, which use
photosynthesis to create and release oxygen. The environment with the highest concentration of
algae is water. These organisms contain vital chemicals and are rich in different types of proteins
and carbohydrates. Their cultivation and purification have been developed as a result. It is feasible
to research growing methods, habitats and the nutritional value of algae as well as to purify
beneficial species for use in aquaculture by correctly identifying algae. One phylum of green algae
is Dunaliella. The cells are biflagellate and motile. Blue-green algae are thought to be the earliest
photoautotrophic animals. They are unicellular or filamentous creatures that contain phycocyanin
and chlorophyll. Fish breeding ponds frequently use these kinds of creatures. Diatoms are
eukaryotic microalgae that play a significant role in the ocean's food chain and can fix carbon
dioxide. Diatoms are used by aquatic species as food as well. Additionally, they serve as unique
sources of several fuels and oils. Because of their high sensitivity to salinity, acidity and pollution,
they are referred to as biological indicators. One of Iran's oligotrophic lakes, Lake Urmia is
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situated in West Azerbaijan province. The population of Artemia has declined as a result of the
rise in salinity of the water and the fall in Dunaliella algae. Thus, one of the main objectives of
this study was to examine the variety of unicellular algae present in Lake Urmia

Materials and Methods: Lake water was sampled in the final month of each of the four seasons
that were conducted. The pH and salinity were measured, simultaneously. Microalgae were tallied
using a hemocytometer slide. Water samples from each station were collected independently and
they were cultured in 250 ml flasks by Walne culture media for unicellular algae at two salinities
of 30 and 100 grams per liter. There was a constant flow of aeration and 100 candelas of
fluorescent light. Samples were detected using a light microscope after an algal bloom that lasted
for roughly ten days. Two direct approaches were employed to purify the algae: streak culture
(using agar culture medium) and inverted microscope (using Johnson's culture medium).
Dunaliella species were identified molecularly using the ITS sequence and the 18srDNA gene.
The CTAB method was also utilized for DNA extraction. A pair of specific primers was used to
amplify the 18srDNA gene, containing the forward sequence 5'-cgg gat ccg tag tca tat gct tgt ctc-
3" and the reverse sequence 5'-cgg aat tcc ttc tgc agg ttc acc-3'. Additionally, a pair of forward
specific primers was used to amplify the region ITS, consisting of the sequence 5-aat cta tca ata
acc aca ccg-3 and the sequence 5-ttt cat tcg cca tta cta agg-3. Amplification of the 18srDNA gene
and ITS region requires PCR reagents, which are as follows: 4.2 pl of deionized distilled water,
1 pl buffer, 1.4 ul MgClI2, 0.8 ul dNTP and 0.2 pl primer for each reaction. Next, 0.2 pl of reverse
primer, 0.2 pl of Tag DNA polymerase and 2 pl of sample-extracted DNA were taken into
consideration and a total volume of 25 pl was used for the PCR process. The temperature cycle
that was employed similarly consists of initial annealing at 95°C for one minute, final annealing
at 95°C for one minute, primer binding at 52°C for one minute, new strand production at 72°C
for two minutes and twenty seconds and final extension at 72°C for four minutes. This cycle was
repeated in 33 cycles. The final PCR product was detected by electrophoresis technique. Primer
binding took place at 57°C for 50 seconds, first annealing took place at 95°C for 5 minutes, final
annealing took place at 94°C for 1 minute and 72°C It was utilized for one minute to create a new
strand and for 10 minutes at 72 degrees Celsius to complete the 35 cycles of final strand
expansion. Ultimately, a comparison was made between the sequencing results and the sequences
found in the GenBank gene database.

Results: Comparing freshwater and ocean waters to Lake Urmia, the latter two have more
diversity and abundance of unicellular algae due to their oligotrophic nature. Identification of
microalgae by morphological and physiological traits is insufficiently precise. Seven species of
the Dunaliella genus are identified by a study based on the morphological traits of Dunaliella
isolated from eleven distinct areas of Urmia Lake. Morphological analyses revealed that D. salina
was the predominant species, with D. acidophilia and D. parva species isolated exclusively in the
Shahid Kalantari transit area. D. salina and D. tertiolecta were the species found in the Hydar-
Abad region. Due to the region's declining rainfall, retreating sea level and rising salinity, a study
of Dunaliella species in the area reveals a low species diversity. The algae species isolated from
Golmankhane port are D. bardawil, D. salina and D. tertiolecta. Research revealed that the Agh-
Gol region is home to the isolated species D. bardawill, D. salina and D. tertiolecta. Two species
of Dunaliella were isolated in the Zanbil mountain area. D. primulecta, D. salina and more species
found in the Bari region. In the vicinity of Shahid Kalantari, six species of Dunaliella were
isolated: D. salina, D. tertiolecta, D. bardawil, D. parva, D. ruineniana and D. acidophilia.
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Discussion and Conclusion: The findings indicated that the Shahid Kalantari neighborhood of
Dunaliella has the highest level of diversity. Algal diversity was higher in the spring than it was
in the summer. The drop in diversity during the summer may have been brought on by rising
temperatures, which also increased salinity and exacerbated the drought. The links between
several strains of this species of algae have been better understood through the application of
molecular techniques. It is conclusively known that at least four species of D. salina, D.
tertiolecta, D. viridis and D. bardawil, as well as four new strains, have been identified in Lake
Urmia by concurrent investigations of morphological and molecular traits.

Key words: Urmia Lake, Unicellular Algae, Dunaliella, Diatom

http://dx.doi.org/ 10.22108/bjm.2023.135417.1502



https://bjm.ui.ac.ir/article_27476.html
https://bjm.ui.ac.ir/article_27476.html

(950 (gl
2Y Y4 dao NFY ):ili fFV o)u gﬁ:j\;: Jl

VENVAY/ 8150 esl VPV 3 s 5

o GBEST » AB b 40gl 4l 30 (JohosT Gl S i Egi 4l
MJbgd

r.manaffar@urmia.ac.ir ol ;) cae sl cay)| L8 _ils (reb el S ils (M 0y 8 L tils Sl il

s.moradkhani@pnu.ac.ir «l 45 ;45 Pl LSty e Sl ;b HLoslx * Bl din

h_yazdani97@yah00.com ol ) cawsl cae sl oL ls ¢ ns c\_;«;,\_{_:\u;m:_m}f NUE PR L SE

ol

n) 03 (I IS Sl Sl (o edl I Ll s s sl (slaaarl 5 51 (S 4l 4l s Tdodkie
S 2B (A gl s (Sl S Ll b Ny 5l (6345 s oS L oo 3Ll
Oljs ols 2alS 5 (555 ol Bl Jsa 3 55 oo odaliie sl 53 (ki BUE 55 Sl Sl g5 ol Sl bl
b il ol s S glacSil- 55 b Gt Ll e b () 58 a3 Rl g el daalllas 4y OT
Sl Bl ralS Cus

s 533 se oo oSS SlaeSr Calibns Gla iz pLalid b as G ol 53 TR 095 9 S go
ol eandlas ol s xJayJw;?&m;@;:q{«n:L_.;,; e el ey e bsy 5l ealil b ase sl
A el ST 5n 5 bbb 5 LSS S eslial IS

5 s U5 e by JS 03, ¥ 51 Calides gl iz 1 o535 35 im0l J S se la ) gl
55 Sk 3 5 ge S gai b gl cnl amlin 5 SLins iz )3 51455 § 55 oy 1 3 3 Wbt d il
g deng izl ys edsl Ll i a5 3150 beSla pl Caranr (2 )l udd slias LS

5 JaSist Ol 3 5 L al> QLS o Caliis (15 5l edblir Sl ¢ 55 16 5 4o 9 Somy
Sl 55 JhaweSS GlaeSler I Caliien 6,8 5 i cpkize Olomos claSllar 1 o571 5 ot J2alS
15 35 g a5 andllan 5 50

5> OG> ‘uj}l"'& S can gyl a5 by (Gl (Sldolg

S J gams 5l 5 ¥
2322-5181/ © 2023 The Authors ®O6
This is an open access article under the CC-BY-NC-ND 4.0 License (https://creativecommons.org/licenses by-nc-nd/4.0/) @c-a-mJ

S ol o f IS 55 i S 8 5y ASTT L ans el > (S oSS (GlaeSClor (sla miom § 55 adlllan o ¢ 31 51 ¢ Gl po by ¢ SBLin
http://dx.doi.org/ 10.22108/bjm.2023.135417.1502 .#Y-¥4 :(FY) \Y \¥: ¥



https://creativecommons.org/licenses%20by-nc-nd/4.0/
https://bjm.ui.ac.ir/article_27476.html
https://bjm.ui.ac.ir/article_27476.html
https://orcid.org/0000-0003-4530-6372

fr Ol 5 3 3l ol /s i S35 5 ASTT L gyl el 53 (JohatSS (slacSlr (slamior 755 anlllae

lime MILiss gladsw (F 5¥) 355 oy 355
L6 Wyl e O lize ST L 6 bgs ¢ el
S g (sl St g &S5 Wl s (S5l o)l
Cale s b &S uS o abll 1 e d gl SIS SIS
g 2 o edalie 5 g lad sl )3 (il
Lol e 55 2SN 718 Sn 3 015 (on |y I b
Sl 35 b o 0> 6500 Ky Son o5
PSR NING o [ESNESINNIE o & JIHE gUEN
S F o S3E b e 815 I (g sl)
Lt 53 "ML ST Y pane ol glite (il
235 r oaliie Ol g Slad b o szt e OIS
L Jsb o i (i) (il &85 s JS°
Sl Oglize JISKa 4 Sy s ISl os S Jlisl
S Jald 03 S5 IS5 L olity (S
Frabe S w3 ulul e b a Wi
Bt g Il (s ST e 8 m
i ki 4 B a3 e 8 e s
w3l ol b 5 bt Mg S i el
43355 Jmer 53 Vgama Lo SO S 5 o
3505 A g 0555 5 a Lel sy gn 0dys LS i
L1 F- b G M PESPRREPEE N
LY soms A 5y ml D3l (555 Ol jn 5 5 5
ol axst L awlis gladils 51 aS odi bl o el
Oy gty Sl Sos awlis S 58 gladils 5 ol
SLad sk 53 o smast s CoBly g IS slag il 53 515T
Aol LSl & a8 ity 3 L 3L
P PN P JrPEIIC S PR PP R Y.
(5 50) Cul i F 15 Cudy g IS
b JAaisSS S sty (T = s saS
S5 el 55 J oSS gl S oS dizen (sland
JosAS oDl Sl 1oy S cpl dias o S

.

dod\io
Lz | 35 IS G115 Sls g gn o Fesln Sl
3T, 0T 5 A5 051 ¢ g 8 plonil ds 45 oS
SEUS labiome s Conb 53 LaeSllr S
Sl ity T ol e (DT s e 3L
(o S e C il esls gl s
dloor 51 no e 5 oS peda (0l )3 2152 (slaplit]
T 5o C) oUl5 LS &St sl doss
Gla b 53 uly o oSl 5l 50 s
08 ST lhaetor (S laarl ys i Jgons
Ol g g0 ST 5 O 0955 (5 5 b Sladly
Dl g gn sl O gty Sl 5,5 (1) ST 0
Slas S (o S mlaw 53 5 ST BAS U 5
s onl Hles Sy 2 S5 5305 sles S
Ll 5 Lo 55 ¢l 51 1 i Sl o dle LaeSlr
Pl ol Sy b 51aS Wl LS 5 (gl cdi
gLile o ol da el £l 5l A 55 Ll eal
el GhS £ L5 250> ol L GLS 5
N8 ol Gl 5 S trn 5 o S
S8 5 i ololid (ol pl ((Y) Sl o s LSl
Cnl Sl el 03,865 2,LS" 55 pus ! oSl
o3 @lld by Coulos g T CiS 5 Dls o
o i Ol 55 (o8 0355 Doy oty LT &S5 5 505 58
LT e o5 5 oS ladases (oiS
S35 53 o3kl 5 slatets dde 68 5 i 53,5
UMSigs IS5 S hnSS $SUlr 5 S (5w 2l 1
5@\H6u¢§@6u;|w6u&y§i
I 635 e S JSE ( Caliia SIS
Wile S o a3 > s st e oy by e b S
Ule w5l g5 onl sladshn (il 25
3le K8 @ abad i 1 e Lol €355 0 JSB0555

http://dx.doi.org/ 10.22108/bjm.2023.135417.1502



https://bjm.ui.ac.ir/article_27476.html
https://bjm.ui.ac.ir/article_27476.html
https://bjm.ui.ac.ir/article_27476.html

VY ol FVesled conslss Jl (i3S elidCns

Slp g Lgd o o pmoms (G ppp o e Lo s
33.3,5 eslaul T Ol oo T S o
O s ot el (S 8 05 5 S slaerl
5 Sl 05 5 S S Lo e STL
Ly 03 75 Sl 5 pl 53 35 0 aaa il
a1y 05555 3 S pSetar HMie (el jon
Celie (glaxb ys laas gls S o5l V:_w:_u;\
il (Ol oS5 5 Lo )5 Wil Jame Loyl i L
352l J—ad 3 )l el by Oliuws § O 2
505 DA 5Bl JalS GME sl ST Sl Gles
23 shs 4 cmnl alie GT s gl 55, Ik
LS Jlm s tlis i o odaliie O b o Ca
S 55 pla S Do (gl sl alS
(1 58) g o utits Laaxl s
e, YV bl g Sloaiien b )l 4l s
(S5 Jsb a3 FE L FD 5 Jls s e ax 3 YAD
Wl Ol (g8 e s Wils T gy (0 5555
25375 g e kS B byl ol KL
Slaazrlyys sz adsl slse 5 B 51y e
2l ol ST 6508 o Ske il U5 5 81
aS 5 2 p?\c» syd 50 T sladl
ooy (p Ll ) ) 53 0 S W0 51t 4 0 S T on
Wiy T omar T (58 il Shear (1Y) Sl
ol S 2Ll (b Cul Al talS
GlaeSllr Comanr jtalS Cledn (Sls s gs
Jole YU (6555l ar b p5 53 Slips JhwesSS
LS 51 g5 opl 53 58T W5 5 sl sloml
Ll 55 30,5 65 odaltin Eol 45 ol
33 S8zt 1 ry Slidss (1Y) 555 s 4y

)‘ L;Albua LQLAM;) uw& ‘4_;_Aj‘)‘ 4_2-[_1)3

i

el s il S5 0l 4y ol ST (612
odys Lo 8 51 (B 5o ol sG55 S
d)pqd!djs\f@w)du&k-p.;ﬁ@
txéw}@: &)ﬂ)‘ﬁ& J\J&e\)b Lﬁd‘,.l_wj&:»-w‘
RIB{RE R APUR RN S N BT | WS SN L
| PRSI [T S PSP V- P R PR | I
ﬂ\dﬂé\j;ubjdlgﬁ‘s&ug}m):j-b‘ow‘ﬁ
crjf uT Lgué\_a_ig- ﬂb c.s)\J.J S 9 Q\_A\__f
J5la s o 5 K wasis (b sladlosbu
el Sl T el 2y 5 0 0>
o i sleT yo db ol b g Al o op s
Sge OE LS WS 5 o o 51 Sl ) iy o
Sl Bl s n sl puanl 55 5 L) e sled 4 ST
(V) .t;;fu.» ol 6“"; 3l o7 ‘Siléjg.i
sla Sl 5 Soim0s,S Tlaasssls
jJHLJHuTélA@)bgk\gﬁ)\jﬁ
O Ll 510l sl dS i o 3L ST
L oabbgs o olad 0,8 lyls Sl S OLis laasS”
93 2L e o e gUs 5l a0, L3
5 OT 3w sm e 5 b oS s T IS (g1 aiS”
gl Ol g Olgea bas gl AS 0 OS> 4 5ols
DS S o e Sl Lo 555 a3
ol blod 1)l Caenl 0381 A 5 5 LSTlss
Olsess 5 5 )15 18 0L pT Joss 03 M Ol
ool ‘L@Tj\hg’}}_wjuyj)f)_@cb
N oae me s [ e ol M) 558 o0
—ole Sl 5o 6oL S s 5 La el
S Glej ys g LB el ol il K
Jsaas wals u:.f,.w Sl Cda 4 (il Sl

(s 3 el ((S3IT & loae s> (Vb ol

http://dx.doi.org/ 10.22108/bjm.2023.135417.1502



https://bjm.ui.ac.ir/article_27476.html
https://bjm.ui.ac.ir/article_27476.html
https://bjm.ui.ac.ir/article_27476.html

o Ol 5 3 3l ol /s i S35 5 ASTT L gyl el 53 (JohatSS (slacSlr (slamior 755 anlllae

B 33 S35 Lo DT igad 5 b a5 555 ela
5T eilgns o5t ol 1D e b b S|
Ot oo 4 il e O IS ez 51 b 6 DL
R a5 P S S Sl oslial b 5okl 2 e
7 o gealon oY S 5 S pla shien s
O 4 gas 0 b ¢S5 G shiie b (V) 5 oslix il
o b el (Ko 5 0 b glina SlS 4 0t oy
oY ao JoY ol e s o 5 JoY (VL 1l
358 JoY 5 Y o (Sipe ool L S 5 15

b g 2 Ses Sn 25 oY e S

SLaslS ! 5 ans)l amliys Sl alsn S - IS
(O ok oo, (¥ any )l axl s Jlas 23w (V1605 4503
Jlad S )3 (5 B gl o5l (gl (F Jsf oS (655095
STV eS8 Jlad S 3 (55N g sl (sl (O
Gl (4 Oy oo 3 (5 NSt 05l (slgl (A S
O LT K Sl (Vo gt o 55 (6 5N g o5l

PHESIIN NS

o35 i1 8 axlys opl oo 1y JabweSs lacsll
Ale Calies sLaes, 3l sikee (sLa i 60l
5348 A odalie Placd plow 5 baaa gbs candy IS
g 3oty dad s IS 035 4 Glate Sl i o p)
ol 0 dalie LI
by 95 9 310

G13 pdi gad (Gaod ol 55 IR 31 (5518 pdiges
S OSN35 EKaSTL 5 atne B3 3l 3lizl L
J—ad sl (b el 5n O 5165l paigad i el
i ol 8 el b a5 T el 535 I
ST 0 g 51 6Bl 2 53 (5513 2 503 b a3
Sl sl Ad il Sl L g b g 2N
W25 8 ol o F 1 (6 SIS g, 3L
dn g5l a3 SLT Huoo ailate )3 (651 paU sad ¢ opimen
el s s i 50 O b s 2alS” (e
L costbandlla aibie OT (5558 Olje 28 5 plowl Suw
Refractometer model ) seus ;s oo
pH-meter model o &5 LpH ol 5 5 (ATAGO
25T o ool V IS8 3.0 s HANA
Ll odd jadeie bide dibis )3 4 gl

JLal 1wy il el (Jolmw o515 (o 2
Sl b 0 Sl sl ST slaas s
@By a0 o1 8 Sl a3 ¥ 515G gles 5 656
03 S 51 s Bl oKl a OT (lads g
Ledsons G55 Ve b s bl
o 03 LA () (S5 5 S s S Sl eslial
shie fpen 4t sdalie S oS5 4 8 n 4l
A 5 s 5w oKl a O (slad sad 51 230 ldie
It s 5l ol 15 s Sl plol ) slatens
Froom (0sl § For ) YU 4,5 L Sigma-8k

;.;chxéa_ﬁl_wj\%fﬁ)a.u\_&a:u:_u‘&;ﬁléf

http://dx.doi.org/ 10.22108/bjm.2023.135417.1502



https://bjm.ui.ac.ir/article_27476.html
https://bjm.ui.ac.ir/article_27476.html
https://bjm.ui.ac.ir/article_27476.html

VY ol FVesled conslss Jl (i3S elidCns

KRRV AL AAT S INGA
ol s ele 3 b o ghul 48 9 (8 5Lu A
S0 93 5 LSl (Sl alls | shteas s
S g S Sy Son Sl ol L it s
S gad adgl Hlulid gl 5 dd oslarl &S
(i 5 elid o ) Dl sl el
Dy s ST S 5 gl S5 g o310l Juls

el by Call b wa g L U(Yr) b oslen
538505 i 5 Mg i (il glaas £
Calees Jol b )3 LS8 ol (S50 58 58,
Sl by 3l eslial b g 8 G35 oLl ¢ o
o3lizul b LIS ol 5 ol 0355 p L OSG) wliilsy
Al (S 5e 25

4 O gl P9%wg S 3l ooliiul b (8l -
Sl Sl 51 8 5 (S 26,5 otaline omes
S a3 e i iy JolST B8
Sl Slatd Jhais 7 5o oSl o jled i aS
ey 5 0B S €505 b OLWSS (6555 b o el ST
Sosrly Sy Lo 5 oy gl 0 Sy s 5 5 A
& 5 Sl g0 &Ly el OT w3 &S
FAPWAL Jjbgil_irpjbcbﬁa_&f‘lz:zn
A enls Jlasl

S Lama 1l e pl 55 S iS5l
(o ks A ol (Sl 50 g 2 s
Los 5 Mligs i Cilibes slass S C iS5 (1,
Los ) bt S 5 el U0 pudle 28

YY) Cnl ol oa)}T\ d}u\:.-).ﬁw

\id

A b OT Glad po tlaustle o5 Lo
B (’Jf\“ SY 65 53 53 Bl sba oK
CiS Len o (5 2 e YOO (slatyl s 2
23 0L o o Y s s aesSr jo ss
R R RSP IR A AW I CIUSPM PR NN PYN
oKl o OT 5l g litie .(VF 5 F) Ws osls ooiS
La 51 (106K iy 53 CiST 1SS slates,
LSl slos CiS (gl 4l ux Walne c_iS”
A o3litul dudy IS 5 baas 5l o3y Jali I olwesS
.(00)
(sre dlgn 5 (a9 5l g0 (G5l LS Laes
G S o3Il 5 ag Jendly s b SLS 5ol
o LS 035590 b JLgs OT I &K oa s L
VO e 4 5L Y e 551 S mle a3 VYY (gles 5
Lisee ol 3ds bl IS 51 o 5 4ids
Dslows 51 20 65 oz 53 e Vo it 4 oiS
Vo agde Cid8 Sl e (A) i eslinl ¢S iS
5S35 g0 OT 655 0z L 65,
4 gad (S 5165 odalin L i sdaline S
S estiaal U ool 4 by e et slaeSil
(ZEISS) (5,55 o sS—ws Soo 5 Jone oY 5 oY
(goe st | o3l b &S 8 03Il As )
Jeaze (NTKON P90) -y y 55 31 eslial b 5 (5,8 051t
Sl S P s Gols p oS )5 Ss Son
S35 At eslial LSl (65T 5 Lo

ool LT ad gl olulis gl T oIl 5 el

http://dx.doi.org/ 10.22108/bjm.2023.135417.1502



https://bjm.ui.ac.ir/article_27476.html
https://bjm.ui.ac.ir/article_27476.html
https://bjm.ui.ac.ir/article_27476.html

fV Ol 5 3 3l ol /s i S35 5 ASTT L gyl el 53 (JohatSS (slacSlr (slamior 755 anlllae

O gl St Lamme g ) gt o5V pi3lie 5 5150 =) Ul

JEVR osba JER osle

Y05 e SIS W K By PR Slid 059,08 (63 pumly

Npes SV FONty a0 Sl el

DVses Sa ) a4 N o e S

N5 S Sl salip g5 5T Ysa e o/ eSS

DY 505,80 ok NS DY sns Sa ¥ e s

A eS¥ o Sl S Nse ke & 23 ol Szl 5 T )
Vs b NS

j\m\?@:{@oajcjuj\ﬂ.a_&a;w_w\
A e 8L alS e sles (5 DS 5!
SLS1 (B300-B12) bty 5 cJ 3 p b LS Laoes
Sy Gl 053 4 ada b LS 55 5 s
U RSV N CCH I O N VR U SN NG [
Lo 655 4 S5 Sy oy dad HUS 55 Jy
NI PN I AP RS |
SaaS b O a5l Cniles ot b il
S sl LS Lamms Jls 4wl b ol 2l 555
31,8 Sl amy Y glos b 5L SOl ys el S
DIAYLET O Dud Loy 4 s 555 S 2
Sy R g Gl g s ey ol &S s
@in ¥ 5l 3l e il (65 b LS 35
sdal e HET (5, &Sl 2 51 gl jme sla IS
K yps0s S Liy S5 o3Iul 4 &S Sl S s
s Ol bl gla JSTL (sl al_ols g uss g el
Jaze o ST o iS Lses 4 5 Slsusl ezl
S At 2 sl b A ST L i IS ) i
e St Las 4y QUGS ey o e 3355 Jol
o e S Jlnb o5 gl ke (slapa> 48
S5 0ki JSKi5 Gla IS 51 (6 sl ¥ S 55 s

.J}&@ odalive )gT

AT o3 sladshms 51l e Ve (5 pt
Ao Wzl plwolan 4 OLeST ol
VIO i Lose PH g 51 g 5 035530 ¢ Shaie OT
S Lases jl bds 5bs CiS Hsbteas A b ol
CiS Lo Sl ag Sl 225 ¢l 2 5 DM
Loy Ve ssds 5l (Yr) ud eslar !l CGyo
S s S 5 0sbas Bk ped DU js odalts
A Gl s LSS gile el e Oy sl
s 1SS Sbop i oyl Sy Se ) Sl
il b el 55,5 Jlaz>l Ssy ool 53155
Sl shtea ol 3L e Sl 0 g3le
OB ol S s a0 (Sl sladi sy ¢ 05
sl JBT (ggy0ds als ST a sl Jlas
Olej y amdlhae ol ys il Lalls oSl oSO
R A e ol i G 5y
By Ol Lases 1 J ST gl sla
585 68 Yl b i ol (my p 9 iS5
355 ol
CiS (g 1 gl S g (Sl A
Sl Tl S BT el C2S Lams 4y S
\chwh@fgﬁgmbw@w
ﬂi,s\;\u.q__s,\_.:ast_,:\,ﬁ,g),cf\au

http://dx.doi.org/ 10.22108/bjm.2023.135417.1502



https://bjm.ui.ac.ir/article_27476.html
https://bjm.ui.ac.ir/article_27476.html
https://bjm.ui.ac.ir/article_27476.html

VY ol FVa et oasjlss Jl (i3S elidCns

.mu‘)u4;,?&*‘_;jt.,u}ﬁuu;:jsy:u;owru:.fms‘)g.:p;péu&.&.)ﬁw,euw Sl ls -y S

k3 s o5 0 ITS U 5 18SrDNA o5 25
(YF) s ol

LI 5 5l ey (slo s STy sla KiST
4l 2S5 5 18SIDNA 05 2S5 (gl od—doslin
Slo i SiSTy a led s Olu ¥ Jgd 55 ITS
.urt,,a,g,;?‘m =l o 5 ey

A

SN ol Ladian (Jess 4diline

5 18SIDNA 03 51 eslizul b Ml Caliies slaws S
S U GIDNA el (26 8 &) 50 ITS Jig
PRGN vl;.;\CTAB S a Al g el ilas
sk 53 gy Sl Lo Jpae CaS

‘5‘}3 YY) was g_;—“’Jjj:"’}’l‘ YA ‘9\‘9' ‘_;L&Cj.a

la 55T Slo goas Y J sl

AeTet susS s Mg <93 sles -
45 4
MA: 5’-cgggatccgtagtcatatgettgtctc-3° #4/A Yv
MAg 5°-cggaattccttctgcaggttcace- 3° 72/ Yf
ABE 5’-aatctatcaataaccacaccg- 3° 0o/0 )
ABr 5°- tttcattcgccattactaagg-3° o0/ A
scoslizal y3lie 5 3l pacdy (slopomis 2S5 (sla KaSTly ¥ Jgor
18srDNA ITS
odias SiS g 5l ga cble odias [iS |y o g cble
Water \ZAl Water \7A
Buffer \ Buffer \
MGCL2 \/¥ MGCL2 V/¥f
dNTPs +/A dNTPs */A
Primer F Al Primer F /Y
Primer R /Y Primer R /Y

http://dx.doi.org/ 10.22108/bjm.2023.135417.1502



https://bjm.ui.ac.ir/article_27476.html
https://bjm.ui.ac.ir/article_27476.html
https://bjm.ui.ac.ir/article_27476.html

4 Ol 5 3 3l ol /s i S35 5 ASTT L gyl el 53 (JohatSS (slacSlr (slamior 755 anlllae

Tag DNA Polymerase /Y

Tag DNA Polymerase /Y

DNA Y

DNA Y

AT LPCR Jyame 505 4590 (o0 5T (50

bl s pds A esls 5 Tagl SES 55T
plsil Ghide JI5 o codifle &S00 fasll s
o3 Y ST IS a5 om b T G s 5

Al (S B A

ok

Calitee (slaolau] 1 ol (Uaki gai ouny
by JS7 03 5 g lb i glolid @ sl 4L 5o
0359 Jdoa e aed Sl 5 ad 5 Dl
GLaesSr b sl o515 5 o s—b b
S Sl p oy et g ) arlps OT o3 JlaeSS
5 plal aalllae ) 53 i 583, e 51,z

G 3 93 iz I oud glolid sladiss
o (Y 9 elimwl) S dikain § 4zl yd (Jlod
IS L ol gas oY 5 ) o]l odilis (glad sas
N P NP P R S BN PP P
P 3 Fes S ¥ BNV (S sladsl d b
U Jsb i 6, S esl ey S ¥ U F LT
5SS LSl g S Isb b LB
4 305) A8 o dalie s ol (slgst 53 g b
Sobe U8 Llod 568,55 Jshe E 4 5a5 5 .(D
s 0 L S SEL S hs s
WY Jsho (58 s Sen Yo bV e J gl J5b s s
sk dsb bl b 35 556 b ol 205 S

18SIDNA 0 55 (gl p 4,8 a gles as >
ke 4ads ) QA.@A{J\J?L;J\_W@):‘\OJA\_&
s ) Sde a5l S sl a3 40 gl il
Sode 43 31,8 Blo amy3 OY ( olg b puly yshien
31,8 Sl a3 VY T 5ET Il ) ghateds aids )
s ;g skl B Y 5l Y Dde s
Jﬁf))quéa?cwqa‘;dﬁb@):VY
Sy Glo s STy ol 5 opl )3 4S5 ol
Sl Iz i) SS a2 YY) 4 sed a6
J5 655 (YF) 55585 2801 &S5 Sl eslin ol L PCR
s gy 5 ST oy V0 58T
AB (s LT Cim TS axb 255 ol Ll
a5 (gl 4y, ples 4 . esliz
s d S au sl F Sl asr 580 JsL s ITS
Sode 4y 1S il a5 AF cadsl b aly ) st
31,8 Sl a5 OV ¢ oy bl y ) lated aids )
a3 VY S SLET Jloas! ) phtess 45U 00 S 4
Lo 4y 5 ) glates aids | ke 4315 S
USPEER FISUPURY. BRI
Jgamen .3 45 2 YO 53 Lo iy ol 5 2
¢SS 5 Aoy V/0 58T J5 5l esliul LPCR
soblea A sy 5 5L, KT 5 585 SN ST
3 it dTS ol j5d> (s p 5 5 e
el Jluyl Ol 5l = O lS L &S 15 4 PCR J 5z
S5 b J5 e Sl edaT mras s (ulgiso
Ges GenBank g3 saesls oKL 5 5 4 ITS

LA el

http://dx.doi.org/ 10.22108/bjm.2023.135417.1502



https://bjm.ui.ac.ir/article_27476.html
https://bjm.ui.ac.ir/article_27476.html
https://bjm.ui.ac.ir/article_27476.html

VY ol FVa et oasjlss Jl (i3S elidCns

a5 Ll S5 5e olelid Lol s
Dunaliella 1, ed—2 368 YL Ol y s
S Jole 3 8 L s 0l e (Y) primulecta
Sledsadsnl Sl slaasses 1 @olias
Llods 03,5 T IS8 55 (613 4 ged slaolSans
(oL () i) 085 Bl ybol a5 4 ibare
wbg,e 0l aly (F JS2)D 5F C slaas el
S35 53D & 4ei.cuils Dunaliella salina « &
s bdshe 20, K, 45 0us o3ls oiS YO ppt
Ao G s Bl e s T s 5 IS
bl & g o(F JSC2) E & g oSl (65 980 25

SC,._..JY)\ 0\§:—mﬂ|‘j‘ c.\_.i‘gJ)Tc;:.- S gl

> Dunaliella primulecta o1y oo 55 1, 458 ol

(Y0) & 8 L

o5 A b JSb Gl s IS
Wgad ol dsb monly e L5 g4 dS Sl
Jow a5 4 S L5, Dunaliella salina
G JSt Glad LBy IS S L S S
S3ln S35 53 5 g ol ) Camnd 3 L
Sl 5 ol 05 L lod o 35 padeds 6
Dunaliella « ses ol S it o e 5 A
lad sl F @ ges y5 .05 a5 § L s tertiulecta
e Bl ST Wl et O, 55 8 (st b oS
a5 S VA B0 ¢ J gl o310 Blowd 1 5 izen 55,
Jsb ojlbl iz als 5 ey S W ULY 5 Jsb
S S LKzl 5 Sl Jsb 1, 1/0-Y &S50
ﬁ\kuoj_,_..aa.{d.x_&aul_:.ﬁﬁ)}n}
55 > W S5 s 3 P 5

http://dx.doi.org/ 10.22108/bjm.2023.135417.1502



https://bjm.ui.ac.ir/article_27476.html
https://bjm.ui.ac.ir/article_27476.html
https://bjm.ui.ac.ir/article_27476.html

3 Ol 5 3 3l ol /s i S35 5 ASTT L gyl el 53 (JohatSS (slacSlr (slamior 755 anlllae

&4 505 (& JS8) F 6 505.28 8 5 s ruineniana
A S P Y 5ok gy Sa V0 b7 Sk ol
bad sl 53 Ll ol ol s OB L 5 e
Jsbo dsb ol P IVO L 5 &S50 Jsb gt o o>
85 ol alid iy Dl poast 4 4 5 b
(Y0) ws 45§ Li 4> Dunaliella acidophila

<! Dunaliella salina « 8 (¢ JSC2) A 4 5
E &0 .l odionls i8S Yoo ppt 658 3 oS
Dunaliella salina ji sla 8 5 4 by e (8 JS<5)
IS (58550 Llod 51 (5 JSC) F & 0 .
odas )50 ¢ St W L 65,5 b o J s
Cosot o ise 53 53,8 Jsko laly isw s
VB Il oIl Ll il el &S L
VP s (res S VY ) Jb e S
36 sk )l ey SV o 0) (0, fias S
S 4 Sy g Il Sl I 1 W
Gl 3 5 o Doseh A 5 Sl od gy Sl
S8 YU Olab e a4 5 L syls Ll 3
(Y0) A& osls a5 Dunaliella parva

A0 E o) (FraeS 9 (ST gl olius

Sk s Ll 510 JSKE)E 5C sladi i 33 9
N R I S O
Jsho dsb 8 on 0ss (o 3 Slad g o sas-4)
UVe/ b Oyyoa) ey, e YA L0
s S YIY BWA Jslw 50 5 (g Sa) /4
Jsb ol oy S VWY BV/A Lo e &) gm)
O C G [ JP Y O P Rt
26 Sl wdbann s Sl G b b Sl
iy el 25 A 5SS B a g o ae
0315 Ladii o 4 Sl Glaul 5 6 5y
Dunaliella YU sls S55L a8 pl s b o
Glols (0 JK ) D 4 ge5 a4 5 ki yssalina
ko Jsb ladiln )3 S Lol i aiion slad
8 gl il 5 a8 slgsl )3 5o 03 28 WS
G YF bad sho ¢ Jsho o311 Bloed 51l o 208 0T
Jsb sty o ,e s S VY 5 dsb s ,SCe YA
ool S5 ISl sl bl VY oSS
S S ns w5 LTl G5 0 A5 sl S5

Dunaliella ols oo 1y YU 4558 ( ST 058,00

http://dx.doi.org/ 10.22108/bjm.2023.135417.1502



https://bjm.ui.ac.ir/article_27476.html
https://bjm.ui.ac.ir/article_27476.html
https://bjm.ui.ac.ir/article_27476.html

VPY 5ol FVe Ll ur.AJ_}l_p Ju c‘_;v_bg._.a ]Sy

oY

LA D P olal ol audy IS 03, 4 Glaie Sligs e —5 S5

i aibate OT 53 458 ol .ol rUineniana
LV S F e dd adalin 55 (6 50 g
S e (S slbrials 4 ang

.(Y+) = Dunaliella tertiolecta

JS2) C 45 505 1Y o) I BT i dibaie
S8 gl s Sidshyse gladds LV
JSK2) D & 505 (Y1) 5,15 Sislas Dunaliella salina

.l Dunaliella bardawil « 8 < 3> ol 5 oo 15 (V

Dunaliella 5,8 o Lg o (V JS5) E 45 gas

http://dx.doi.org/ 10.22108/bjm.2023.135417.1502



https://bjm.ui.ac.ir/article_27476.html
https://bjm.ui.ac.ir/article_27476.html
https://bjm.ui.ac.ir/article_27476.html

o IS 5 5 o Gl /Mg pior 16 5 ASTT L ang sl el 53 (J oSS (slaeSler (sla uior 55 anlllan

Vali“wnl)'\omld?wé}ﬁo:)qdlmw&'})w}—vg}g

ol glalid (g 58 gt ik oK ol l) STy (Sliwgy ol S dilio
Dunaliella salina 4 8 «(A JS3)E 5D (las o o Spsaarg LA JS2)F 5C glaw s ()
(Y0) Lds o3l aseis (Y+) &l Dunaliella bardawil « 8 ¢ sl

a3l c\.&c&_«g“ S e—lm 4—’}? AR

Ve ol 3 okl dund s IS 03 4 hate Mligs i —A S

http://dx.doi.org/ 10.22108/bjm.2023.135417.1502



https://bjm.ui.ac.ir/article_27476.html
https://bjm.ui.ac.ir/article_27476.html
https://bjm.ui.ac.ir/article_27476.html

VY ol FVesled conslss Jl (i3S elidCns

Yoo Jshe o3Il Blowd 5l it (6, wSS g 2wl
YU S8 s oo s Sn A s Job ey S
(Y9) Sl Neidium i 51 gla S

5 i d s (Ve JSC2)E 5D C (clad gai o
O)le (Job 5 (0,8 S b gl pl B 5tz
B Ll 53l g 5 0 iS S (JSE
6 lagg il ol o Jobw 655 o aboul 5 8
2 A 5 amn Sk L5l slad )T JSa
93 S Sl iy el g3 55 s S
ol sy S a3 sy S S
2155 VL slad goi ol il 5 Aile 55
(Y9) Lud osls jesis Navicula e

Slas 51 oBsls 0lis (Ve JSCE) F & gad oy
B e B S
Wl 0 o g0 958 gl 53 m )3 oS 5 gm0y
355 DB 28 53 paie (ol Glagn
0 uiS gl 95 a4 S50 655 e Sternum &S s ls
S s Sn b 5 bl Bl a6 il el o
o S 53 Vsmnn g S5 0> 55 5
Sy gots b S o 53 ol lilodd fuaze 513K
Diatoma ol sieas YU 45,8 a5 b o 0dus 3 e

(YY) Lé esls esis vulgar

oFf

D % ge5 11 oliusl) SLuledS yonis S dilare
PPt (5,54 53 45 <l Dunaliella salina (4 JSCs)
0585 et Chows s sk Ll 0 0315 228 YO
(WJsbw 055 Rl Hsa 5 Llods 56855 5,87
(Y o asl alsS Gusa 55 0T oS >
033 aeion Jdsa (4 JSC2)F 5 E € slads sai
B W slal oSl 5 LSl Jals
(Y+) Kb esls es<is Dunaliella tertiolecta

:Bacillariophyceae 45y 3 ool ool (S i
53,0 B olad gl glyls (Ve SO A Gsel
5 ol 03 &S 40 53 Azt 05 o g0 A
Sl 55t 5 ot DT b ez S s Lol
Sl 03 g JL@QJ;JJJL@JT;‘AG&»){JA.:}&@
B el St S e 5l ad T sl
ES PR NI PNIE-Cg CIR W DLy g NP
G5 b s e o (e e LS S
oo 1S ol VU el s u, sla S s
(Y#) A osls es=is Cyclotella

¥ oso,ae sldw gl (0 JS8) B 4 sal
23 Sl i ol (glad 53 &S Gl Sy IS
93 3 gl Jos (65 0 Caud 3 OB il ol
DB Vb sl 5l e ¢SSk 538 0 )LeSS Ll

wldﬁfdljd&ﬁjﬁ@av\ibﬁ&&m

http://dx.doi.org/ 10.22108/bjm.2023.135417.1502



https://bjm.ui.ac.ir/article_27476.html
https://bjm.ui.ac.ir/article_27476.html
https://bjm.ui.ac.ir/article_27476.html

50 IS 5 5 o Gl /Mg pior 16 5 ASTT L ang sl el 53 (J oSS (slaeSler (sla uior 55 anlllan

wn gyl axlys Cakien (Laolasl 1 okilio Bacillariophyceae Cakws (gla i )+ IS

s K oS S5 b T e S 4 1]l
2 Ll 6l03 5 g (51400 sl b 3 8 ey
(YF) dzn 5By gy slad s 5 Jl-
sl = e S (V) JS2) C 5B slais sa
At oo b gld Cnlie po glaan i) L glacs
e e Sl L b o sS s Koo 51 0T o511 oS
a5 55 5 mal G2 b O 86 Y pame
udp.moa)f@‘;xlgwb}p@}il
FaS gl d b 5 Wles g IS (Sas b (514 gl
ba ) slgsl .l o S di) 2,8 Ll )

A 4 505 duad gil 4510 31 0 bl Sl >

Sy gty i S ol ST = 5w oS (V) JSC2)
Loty i Y sone ot sdalie (it s (gl
Slba s,y gl a4 A Ll el 0L
oo g Ll 6 e DS 3 58 0 S Ll
el b S5 1, LT ol bl 685 o (65 s g0
S ralie 5 M g0 cailaails 3,88 u(.,;,i,d:
Jbsrh;,m\_miw_,\,;);,;puw,p)
v-4 AL ()})g—u-’ S 5 4S8 Gy ban tls

Q:Jf‘shd}l_m.u\;:_m(:)b;ﬁjwjp

http://dx.doi.org/ 10.22108/bjm.2023.135417.1502



https://bjm.ui.ac.ir/article_27476.html
https://bjm.ui.ac.ir/article_27476.html
https://bjm.ui.ac.ir/article_27476.html

VY ol FVa et oasjlss Jl (i3S elidCns

Lkueffm)atféuu)mrﬁ)\gu‘b
ol VL olilin ) Dlosas g a5 L L 50
din Oscillatoria e 3 olaai & ¢ 5o 4 ges 93

Y#)

(/(/
&
>
& (; :
£ \‘
< ’\"/
(_,V“
& = e

oF

(T = s s 3l OS5 el S L
5 el Ll SO 5 dis Slosgd L S e
JoSE s s 5 (03T Sl bl 03 5
L LapsssSe s o)l sy iz opl 02 SLST

- S~
;2

b gl L3 4 Glaze (sla i —V) IS

1 2 3 4 1kb

Ladder

— 3000bp
— 2000bp
— 1500bp
— 1000bp

ookl 18SIDNA 35 PCR J guzms 5585 ,2501 J5-1Y Ko
4 4AF D F ool ;I

T
ﬁ.— ; ! !(—z-h
4 -— ity
1 :_ w—<-500bp
- © &250hp

18SIDNA 35 PCR J guames 5,585 2SI J5 -\ IS

sl s S JSsn sla o) s
Ca> leslawl L18srDNA o5 PCR o M g5
SNIVe YOV W Jb L gt MA ST
JS8) edi gl (slad gos gl S YOV
PPN sluelLes jasas 5 5 ad s (VW 5 )Y
sy 8Ol s ol diledd aseia VY JSCs
4 by UL s S i s SIS § g
D. , D. parva {D.salina {D. tertiolecta
5 YOVE YAV AW J b L 5 5 4 bardawil
Tt 5 4 piY Lpd e eols s ii SLde YOV
ol gl olalis wlS &S ol 51 i Sl
Ll 5 e 3T 5 il p Mg i gaas S
oslizul Guisd pl 55 45 34 el &1yl Lol slal
(YA 5 YF) s

http://dx.doi.org/ 10.22108/bjm.2023.135417.1502



https://bjm.ui.ac.ir/article_27476.html
https://bjm.ui.ac.ir/article_27476.html
https://bjm.ui.ac.ir/article_27476.html

oY Ol 5 3 3l ol /s i S35 5 ASTT L gyl el 53 (JohatSS (slacSlr (slamior 755 anlllae

oo 0tilei GK 55, ITS 45U PCR J guamms 10 JS i
aibas oduLas AARI (6 89S g5 ol ol bl 5 a8
ot Lo BARI 5 83T ol 0iuled GOL ¢ L5 058 o1 bl
5 5asOLE oyl ja . dad (5l (615 5 gas oKy

sl odianillas SA4 05 dar o LSS A5 2S5

3 e 1ilo 39l gw (S WILT 3 mol> gl
codSandllas (EMILiss ¢Sl (sLads s JI 5 s
e LBLAST 50 5l ol b bk gai o) 55
338 4w lia NCBl o3ls oL 55 350 50 sla JI 5
e 4 V) Sl 5 Ooglite 6 SV anllas oyl
Dunaliella 4,8 . Lus odalie 5 o) p codcd JI g
CCAP s lule .l 4 s L tertiolecta
ATCC «u s 5 (EF473748.1Accesion no)
e ITS 1 4 ;5 (EF473742.1Accesion no)

LF Jd) sls Olis A s Vo e 5

W Y ) laeKenl

Lodkdplonit oo 5T i ol sz i o 3T o
Cilien (6581 lgzr Jolu> suasolsi Tagl 5T
o A 03 3T G ol ol
Olos 583012 PCR J guames (s 2 5 €555 50555 50
(Sl (lad a3 ol dodal s LS lex 543
ROW PRV-PINPRIEFAL S CE-STPL GO PRV-PIN |19
axk5 PCR plowi 51 oy 4TS 46 PCR Jgmno
L 1) 5 CohS 5 2 ST S 655 ik
AB (gls 3T il eslizal (V0 JS2) s b
33 3bir VO 35 Jgb U Slalss L b e
L 5 ol (Slad g
100bp 1 2 3 4 100p

PCR J yame LIS 5 a3l suteTwse B e

NCBI 5 355 30 bt 8 Lodidlg 3l o S Mg Sl sen 5 Slglts oy p—F Jgd>

. Description Query Max Accession oI5 pti o5 Joma
45 g P cover ident S
Dunaliella sp. ABRIINW-G1/1 Voo A4 HQ823664.1 _
g SIS
Gkl Dunaliella sp. ABRIINW-G2/1 Voo A4 HQ823665.1
S AN
Dunaliella tertiolecta strain CCAP 19/27 Voo 4. EF473748.1
Dunaliella sp. ABRIINW-S1.5 a0 a4 JN587238.1 _
g L
Gk2 Dunaliella viridis strain MSV-1 ay 14 HQ864830.1
S A
Dunaliella viridis strain MSV-2 1 ay A HQ882840.1
GK3 Dunaliella sp. ABRIINW-G2/1 Voo A4 HQ823665.1 A )iiil:ﬁ

http://dx.doi.org/ 10.22108/bjm.2023.135417.1502



https://bjm.ui.ac.ir/article_27476.html
https://bjm.ui.ac.ir/article_27476.html
https://bjm.ui.ac.ir/article_27476.html
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_145587830
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_145587830
http://www.ncbi.nlm.nih.gov/nucleotide/145587830?report=genbank&log$=nucltop&blast_rank=1&RID=P1X5RMYW014
http://www.ncbi.nlm.nih.gov/nucleotide/145587830?report=genbank&log$=nucltop&blast_rank=1&RID=P1X5RMYW014
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_145587827
http://www.ncbi.nlm.nih.gov/nucleotide/145587827?report=genbank&log$=nucltop&blast_rank=2&RID=P1X5RMYW014
http://www.ncbi.nlm.nih.gov/nucleotide/145587827?report=genbank&log$=nucltop&blast_rank=2&RID=P1X5RMYW014
http://www.ncbi.nlm.nih.gov/nucleotide/320445206?report=genbank&log$=nucltop&blast_rank=2&RID=P1Z0KKKH015
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_320445206
http://www.ncbi.nlm.nih.gov/nucleotide/320445207?report=genbank&log$=nucltop&blast_rank=1&RID=P1Z0KKKH015
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_320445207
http://www.ncbi.nlm.nih.gov/nucleotide/145587830?report=genbank&log$=nucltop&blast_rank=5&RID=P1YCEE44015
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_145587830
http://www.ncbi.nlm.nih.gov/nucleotide/346426339?report=genbank&log$=nucltop&blast_rank=1&RID=P1XS4K7F014
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_346426339
http://www.ncbi.nlm.nih.gov/nucleotide/324435716?report=genbank&log$=nucltop&blast_rank=4&RID=P1WCEN0Z01R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_324435716
http://www.ncbi.nlm.nih.gov/nucleotide/321171993?report=genbank&log$=nucltop&blast_rank=2&RID=P1VWP50401R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_321171993
http://www.ncbi.nlm.nih.gov/nucleotide/320445207?report=genbank&log$=nucltop&blast_rank=1&RID=P1Z0KKKH015
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_320445207

VY ol Ve led onsjlss Jl (i3S elidCns OA
Dunaliella sp. ABRIINW-G1/1 Voo 4% HQ823664.1 SN
Dunaliella sp. ABRIINW-G2/1 Voo 4% HQ823665.1
Dunaliella sp. ABRIINW-G1/1 Yoo LY HQ823664.1 EWERR W
er Dunaliella tertiolecta strain CCAP 19/27 Yoo ar EF473748.1 © AN
Dunaliella tertiolecta strain Dtsi AR qr EF473730.1
Dunaliella sp. ABRIINW-S1.5 40 44 JN587238.1
AARIL Dunaliella sp. MBTD-CMFRI-S115 Q¥ aq JIN797807.1 e 055" aileta
Dunaliella salina Voo 4y JN034031.1
Dunaliella tertiolecta strain CCAP Voo Voo EF473748.1 o
AARI2 JEGT aabaie
Dunaliella tertiolecta strain ATCC Yoo Yoo EF473742.1
Dunaliella sp. ABRIINW-S1.5 40 Voo JN587238.1
Dunaliella sp. ABRIINW-Sh1.2 af 44 JN383918.1
Dunaliella viridis strain MSV-1 4y AR HQ864830.1
Dunaliella tertiolecta strain CCAP 19/27 Voo ay EF473748.1 _
A AL
Gk5 Dunaliella tertiolecta strain ATCC 30929 Voo 4y EF473742.1
s AN
Dunaliella salina strain SAG 42.88 AR 4y EF473741.1
Dunaliella tertiolecta strain SAG 13.86 AR 4y EF473738.1
Dunaliella salina strain Dsge Voo ay EF473732.1
Dunaliella tertiolecta strain Dtsi AR 4y EF473730.1
Dunaliella sp. ABRIINW-S1.5 40 A JN587238.1
Dunaliella viridis strain MSV-2 18 4y 14 HQB882840.1
Dunaliella viridis strain MSV-1 4y A HQB864830.1
Gol Dunaliella bardawil strain UdonThani KUO1 Yoo 4y JN052204.1 ERIN
Dunaliella salina strain BuriRam KU01 Voo 4y JN034031.1
Dunaliella tertiolecta strain CCAP 19/27 Yoo 4y EF473748.1
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Dunaliella viridis strain MSV-2 qy Voo HQ882840.1
Dunaliella bardawil strain UdonThani KUO1 AR 4y JN052204.1
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