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Abstract

Comparison of 185 rDNA gene sequences is a very promising method for identification and classification of living
organisms. Molecular identification and discrimination of different Dunaliella species were carried out based on the
size of 185 rDNA gene and, number and position of introns in the gene. Three types of 185 rDNA structure have already
been reported: the gene with a size of ~1770 bp lacking any intron, with a size of ~2170 bp consisting one intron near
5'terminus, and with a size of ~2570 bp harbouring two introns near 5' and 3' termini. Hereby, we report a new 185
rDNA gene arrangement in terms of intron localization and nucleotide sequence in a Dunaliella isolated from Iranian
salt lakes (ABRIINW-M1/2). PCR amplification with genus-specific primers resulted in production of a ~2170 bp DNA
band, which is similar to that of D. salina 18S rDNA gene containing only one intron near 5' terminus. Whilst, sequence
composition of the gene revealed the lack of any intron near 5' terminus in our isolate. Furthermore, another alteration
was observed due to the presence of a 440 bp DNA fragment near 3' terminus. Accordingly, 185 rDNA gene of the
isolate is clearly different from those of D. salina and any other Dunaliella species reported so far. Moreover, analysis of
ITS region sequence showed the diversity of this region compared to the previously reported species. 185 rDNA and ITS
sequences of our isolate were submitted with accesion numbers of EU678868 and EU927373 in NCBI database,
respectively. The optimum growth rate of this isolate occured at the salinity level of 1 M NaCl. The maximum
carotenoid content under stress condition of intense light (400 pmol photon m-2s1), high salinity (4 M NaCl) and
deficiency of nitrate and phosphate nutritions reached to 240 ng/cell after 15 days.

Background

Dunaliella is an unicellular halotolerant microalga with a
great potential as transgenic bioreactor [1], and more sig-
nificantly, food source and pharmaceuticals due to its
ability to accumulate large amounts of carotenoids [2].
Isolation and identification of novel species and strains
from natural habitats is the main purpose in the path of
obtaining superior productive strains. On one hand due
to environmental adaptation and lacking of a cell wall, a
certain Dunaliella isolate may exhibit different morpho-
logical and physiological behaviour in different condi-
tions [3]. On the other hand, wide geographic
distribution of saline systems and required distinctive
adaptations to these environments lead to extensive
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diversity of the organisms living in these systems [4]. In
addition, slight molecular-based phylogenetic differences
of Dunaliella species can reveal deep distinction in pro-
duction of metabolites such as carotenoids [5]. Hence,
molecular characterization provides an important tool
for exploring biodiversity of Dunaliella and better under-
standing of its taxonomy.

Identification and classification of the organisms based
on conserved and variable regions of 16S or 18S rDNA is
a common procedure in taxonomy studies [6]. 185 rDNA
gene has been used for molecular identification of differ-
ent species of Dunaliella as eukaryotic microorganism [7-
9]. Besides using intron sizing method, particular 18S
rDNA fingerprint profiles were reported as an indicator
for hyperproducer species [10]. Ribosomal spacer
sequences, including ITS regions have been also fre-
quently utilized for discrimination of genetic variation in
green algae [11-15]. Sequence comparison of the ITS
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region was utilized to predict genetic relatedness and to
study phylogeny and taxonomy of Dunaliella [5,15].

18S rDNA gene in Dunaliella genus contains relatively
conserved region of exon(s) and variable region of
intron(s). It is worth nothing that some species don't have
any intron. Wilcox et al. (1992) declared that the type of
introns present in the genus Dunaliella belongs to group I
[16]. Different secondary structure of group I introns
makes it distinguished from those of group II and III
introns [17]. Group I introns display widespread but
irregular distribution in the organisms [18]. These
introns are frequently present in lower eukaryotes, espe-
cially algae and fungi [19,20]. Since nuclear rDNAs are
heritable, group I introns can be used as phylogenetic
markers [20]. Olmos et al. (2000 and 2002) [7,8] designed
and used conserved primers (directed to exon region of
18S rDNA) and species-specific primers (directed to the
introns of 18S rDNA) to identify some species. Based on
these studies, some intron arrangements in 18S rDNA
region were identified in different species of Dunaliella.
They reported that 185 rDNA gene of D. tertiolecta
(~1770 bp) lacks any intron, 18S rDNA gene of D. salina
(~2170 bp) has just one intron after the first exon at 5' ter-
minus that we call as intron 1. 18S rDNA gene in both
species D. parva and D. bardawil (~2570 bp) possess two
introns; one after the first exon at 5' terminus and the
other after the second exon at 3' terminus that we name
them as introns 1 and 2, respectively. More recently par-
tial sequence of D. viridis 185 rDNA gene (GenBank:
DQ009776) has been submitted with a size of 2494 bp in
NCBI [21]. D. viridis has a longer intron compared to the
introns 1 and 2, after the first and before the second exon,
again at 5' terminus. We name this intron as intron 3. As
molecular aspects of these microorganisms have not been
studied enough, and so little is known about the different
types of intron arrays, there is possibility of revealing
diverse structure of 18S rDNA region. This may lead to
discovery of new species/subspecies. This research was
conducted to study the structure of 18S rDNA gene in
one of the Iranian isolates of Dunalilla. The investigation
was accompanied by studying ITS region simultaneously.
18S rDNA and ITS region of this isolate were submitted
at NCBI by accession numbers of EU678868 and
EU927373, respectively.

Results and Discussion

PCR Amplification of 18S rDNA gene

DNA extraction was performed when the cell density of
liquid culture was approximately 8 x 103 cell/ml. In order
to confirm the genus of the isolate, PCR amplification of
18S rDNA gene was performed using MA1-MA?2 prim-
ers. These primers allow amplification of almost full
length of 18S rDNA in different Dunaliella species. In
addition, to investigate the species level of our isolate,
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PCR amplification was carried out using the species-spe-
cific primers. PCR amplification with MA1-MA2,
resulted in production of a ~2170 bp DNA band (Figure
1). The amplification with species-specific primers of
DSs-MA2, DPs-MA2 and DBs-MA2 created no DNA
fragment.

Using MA1-MA2, the presence of the DNA amplicon
confirmed the genus of our isolate as Dunaliella. Con-
cerning the species of Dunaliella, it is reminded that D.
tertiolecta, D. salina, D. parva and D. bardawil produce
~1770, ~2170, ~2570 and ~2570 bp DNA fragments with
these primers, respectively [7,8]. Based on the submitted
sequence of D. viridis (GenBank: DQ009776), 18S rDNA
band size of about 2500 bp is expected using these prim-
ers. As shown in figure 1, the size of the amplified DNA
was similar to 18S rDNA size of two 19/3 and 19/18
strains of D. salina.

Moreover, according to Olmos et al. (2000 & 2002)
DSs-MA2 should amplify a DNA fragment of ~750 bp in
D. salina, DPs-MA?2 should produce DNA amplicon with
the size of ~1050 bp in D. parva and DBs-MA2 should
amplify a fragment of ~1000 bp in D. bardawil. Because
D. tertiolecta lacks any intron, no DNA amplicon is
expected with species-specific primers. Taken these
results together, although the size of 18S rDNA gene was
similar to that of D. salina, creation of no PCR product
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Figure 1 Amplification with conserved primers of MA1-MA2. The
PCR product was analyzed by electrophoresis using 1% agarose gel

and marked using 1 kb DNA ladder (Fermentas Co.).
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with any of species-specific primers including DSs-MA2
suggests that 18S rDNA profile in our isolate is different
from the others studied so far.

RFLP and Sequence analysis of 18S rDNA gene
The accuracy of the discrepancy from D. salina was
approved by RFLP analysis. The restriction patterns of
18S rDNA gene of the isolate ABRIINW-M1/2 exhibited
different polymorphism (data not shown) comparing
with both strains of D. salina 19/3 and 19/18. When
digested with Taq I, 18S rDNA of our isolate was cut into
5 restricted fragments, while in both standard D. salina
samples 4 different fragments were produced.

18S rDNA sequencing was performed in order to
obtain detailed information regarding the structure of
this region in our isolate. The sequence of our isolate
along with those of other Dunaliella species were aligned
multiply (Figure 2). Due to the lack of any intron in D.
tertiolecta 18S rDNA gene, this species was excluded
from the figure and further analysis. As seen in figure 2,
our isolate (ABRIINW-M1/2) lacks a fragment composed
of 414 nucleotides extended from 1164 to 1578 corre-
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sponding to the intron 1. Moreover, the gene of our iso-
late possesses a variable region of 440 nucleotides at 3'
terminus starting from about nucleotide 2195. Number-
ing was conducted according to the 18S rDNA sequence
of D. parva with accession number of M62998. Lack of
intron 1 and presence of intron 2 in our isolate discrimi-
nate the isolate from D. salina which contains only intron
1, as we already discussed in the introduction. It should
be noted that according to DNA alignment, partially sub-
mitted 18S rDNA sequence of D. peircei (strain UTEX LB
2192, GenBank: DQ009778) whose fingerprint profile
was unpublished includes a corresponding region extend-
ing from about 1164 to 1580, in the same position as the
intron of D. salina.

D. parva and D. bardawil contain both intron 1 and
intron 2 with a 185 rDNA length of about 2570 nucle-
otides. This is while, our isolate lacks intron 1 and har-
bours a 185 rDNA with a size of about 2170 nucleotides.
Therefore, the isolate would be different from D. parva
and D. bardawil.

D. viridis contains only one longer intron compared
with introns 1 and 2. It is settled after the first and before
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CCTACCTGGAGGARACGGGAGCC TGCGGCT TAATTTGACTCARCACGGGAAARCT TACCAGGTCCAGACACGGGGAGGATTGACAGAT TGAGAGCTCTTTCTTGATTCTGTGEGTGGTGGTGCA
CCTACCTGGAGGARACGGGAGCCTGCGGCT TARTTTGACTCARCACGGGAARACTTACCAGGTCCAGACACGGGGAGGATTGACAGAT TGAGAGCTCTTTCTTGATTCTGTGGGTGGTGGTGCA
CTTACTTGGAGACAACGGGAGCCTGCGGCT TARATTTGACTCARCACGGGAARACT TACCAGGTCCAGACACGGGGAGGATTGACAGAT TGAGAGCTCTTTCTTGATTCTGTGGGTGGTGGTGLA
CTTACTTGGATGCARCGGGAGCCTGCGECT TARTTTGACTCARCACGGGAARACTTACCAGGTCCAGACACGGGGAGGATTGACAGAT TGAGAGCTCTTTCTTGATTCTGTGAGTGGTGGTGLA
CTTACTTGGAGACAACGGGAGCCTGCGGCT TARTTTGACTCARCACGGGAARACTTACCAGGTCCAGACACGGGGAGGATTGACAGATTGAGAGCTCTTTCTTGATTCTGTGGGTGGTGGTGLA
CTCTCCT--CTGCACCGC-TGCCTGCTGTTG=—=TTGTCCTCTTGCTCTCATTATGACGTGGCC--—-ACGCTGGARGCACT TGCAGAACG=GTGCACAGT ---GGAGCAGTGACTTG-GGTAGT
----- GGAGCCTGCGGCTTARTTTGACTCARCACGGGAARACTTACCAGGTCCAGACACGGGGAGGATTGACAGATTGAGAGCTCTTTCTTGATTCTGTGAGTGGTGGTGCA

e = RRALCT TEFEEC TTAAT TTEAC TCAACAr TTACCARETECAGACAT TTRACACATTREACARCTETTTETTEATIFTETERRTRETERTErA

Figure 2 18S rDNA sequence alignment of Dunaliella sp. ABRINW-M1/2 and other Dunaliella species. Data for other species were gathered from
NCBI. The conserved regions of the gene are demonstrated in different colour (red).
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the second exon in a position near to 5' terminus with a
size of about 810 nucleotides. Accordingly, the isolate
does not belong to the species of D. viridis, either. The
position and arrangement of introns in different forms is
depicted in Figure 3.

18S rDNA sequence of our isolate was submitted at
NCBI by the name of Dunaliella sp. ABRIINW-M1/2 and
accesion number of EU678868. ABRIINW stands for
Agricultural Biotechnology Institute of Iran, Northwest
and West region where this research was performed in.

All cluster analyses using Neighbor Joining (NJ),
Unweighted Pair Group Method with Arithmatic Mean
(UPGMA), Maximum Parsimony (MP) and Minimum
Evolution (ME) of MEGA4 showed similar clade arrange-
ment. They strongly supported (88-93% bootstrap values)
the branch including Dunaliella sp. ABRIINW-M1/2 dif-
fering from other taxa. Figure 4 shows the result of boot-
strap analysis of NJ tree. All sequences in the dendrogram
were divided into three lineages of A, B and C. As seen in
the figure, Dunaliella sp. ABRIINW-M1/2 appeared as
individual entity (clade B) differing from two strains (19/3
and 19/18) of D. salina and D. peircei (clade A) with high
bootstrap value (93%). The cluster including clades A and
B was divergent from clade C which is composed of D.
viridis, D. bardawil and D. parva.

In the next step, the intron location of various
Dunaliella species were marked and they were aligned
seperately (Figure 5). This analysis showed that the intron
of Dunaliella sp. ABRIINW-M1/2, displayed the highest
similarity of 79% and 83% with intron 2 present in D.
parva and D. bardawil.

In order to better investigate the similarity of intron
regions, phylogenetic tree was calculated using neighbor-
joining (NJ). The result of bootstrap analysis of NJ tree is
displayed in Figure 6. The intron sequences were clus-
tered in two separate groupings. The intron of D. salina
19/3 and D. salina 19/18 together with the corresponding
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region in D. peircei showed homology with the clade con-
taining intron 1 of D. parva and D. bardawil which has
lineage with D. viridis. The single intron of ABRIINW-
M1/2 was grouped with intron 2 of D. bardawil and D.
parva. These results further approved the novelty of the
gene arrangement.

PCR amplification and sequence analysis of ITS region

In addition to 18S rDNA gene, we PCR ampified and
sequenced Internal Transcribed Sequence (including
ITS1, 5.8 rDNA and ITS2) of our isolate to assess the
diversity with other members of Dunaliella genus. PCR
amplification of ITS region resulted in production of a
single band with a size of ~700 bp (Figure 7) similar to its
size in the other species. This length was expected as it
was found that ITS region in Dunaliella does not show
the length variation at intra- or interspecific level (10).
Then the sequence was aligned with 16 different strains
(table 1) whose ITS sequences were fully recorded at
NCBI including the outgroup of Ch. reinhardtii (Figure
8). ITS nucleotide sequence of Dunaliella sp. ABRIINW-
M1/2 exhibited various similarities ranging from 78-88%
with others. It showed the highest and lowest similarity
with D. viridis and D. salina Ds18S3, respectively. Since
ITS sequence of D. peircei was submitted as separate sets
of ITS1 and ITS2 and they didn't show any significant
similarity with the corresponding regions of the others, it
was excluded from the analysis. The ITS sequence of
Dunaliella sp. ABRIINW-M1/2 was registered with
accession number of EU927373 in NCBI database.

In order to study phylogenetic relationship between our
isolate and the other Dunaliella species based on ITS
region, different algorithms available at MEGA4 were uti-
lized. Figure 9 shows the corresponding dendrogram
established by NJ. As expected the outgroup, Ch. rein-
hardtii was the divergent from other taxa related to
Dunaliella species. The cluster analysis of 16 taxa includ-
ing our isolate demonstrated their association into four

D. tertiolecta

[1881DNA [1Ts1 [ 58s:hma [1Ts2  [288:DNA ]
. 4 Intron 1 L
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D. parva, D. bardawil [issiona ~ .~ [iTs1_[s8S:NA 1152 [2ssipNA ]
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Figure 3 Diagram showing the position of intron insertions in 18S rDNA gene of Dunaliella species. 185 rDNA arrangement is demonstrated
in 5 group based on the insertion site of introns. The names of the species wich have the corresponding type of arrangement is written in left side.
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neighbor-joining method. Bootstrap values were calculated from 1000 replicates.
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Figure 5 18S rDNA intron alignment of Dunaliella sp. ABRINW-M1/2 and other Dunaliella species. Data for other species were gathered from NCBI.
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—GGCTGTCTGTTAGAGGARTGCC--T

TCAGAGACTAARTGGCAGTGGGCTAGCARGACARTGCTGGCTTA: T -TAGTCCGTCCCAGCTGAGA————- GGCTGCCTATTAGAGGARTGCC--G
TCAGAGACTAAATGGCAGTGGGCARACTGTATGCTCATGTCCTAGTGACCCATTGACTAAAAGATGCACTTGGGGTTGTGCTCATCAGC TARCACCACAGTGTGGCAGGT GGGGCACTCCACCT
ATTATTCACTTGL-———--——==~ GGATGATAGGGG--——---——
ATATACCATTCACTTGC GGATGATAGGGG
TRARTTCACTTGC: GGATGATAGGGG:
.Ccagagactaaabgpcaghepg. .80 00 bE bepcbba. i iianesaa e @BAbAL s e s bapboepboeCAgeTea A, .. . .ppcth.cbg. Tababgaa, .oc. .k
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CTGAGAGC TAGCAGAGGG TAGGAGGGAGTCTTTTTCCACCTACCTGGAGGARACG

CTGAGAGC TAGTAGAGGGTAGGAGA-AGTCT=———= CTCCTACCTGGAGGARACG

AGGAGAGC TARCAGARAGTARGGGTTA

AGGAGAGC TARCAGARAG TAAGGGT TAG—-— ~CCTTACT TGGAGACAACG

AGGAGAGC TAATAGGRRGTARGTGTTCATGA: ~CCTTACTTGGATGCAARCG
TGCACCGCTGCCTGCTGTT-=GTTGTCCTCTTGCTCTCATTATGACGTGGCCACGCTGGARGCACTTGCAGAACGGTGCACAGTGGAGCAGTGACTTGGGTAGTACGTCHHCCATGCCAGCTTC
ARAGCTGCTARCCCCTAGTGAGCTCTCC— ——-ACTCTTTTGTACACAGAGC TCGCAACACCATCAAATTGCCGGGACATCCTGT TCA--TGCTGCTGGTACCTCCAGGCAGAGGGARALC
ARAGCTGCTAACCCCTRAGTGAGCTCTCC ~CTACTCCTTTGTACATAGAGC TCGCAACACCATCARATTGCCGGGACATCCTGTTCACATGCTGCTGGTACCTCCAGGCACAGGGARAC
ARAGCTGCTAACCCCTRAGTGAGCTT G=—— ==TACACTTT----CA---AGCTTGCAACACCATCARATTGCCGGGACATCCTGCTAR-—~GTTGTTGGTACCTCCTTG-GGATTGARAA

a.gagablTaacag, .agTaab, g bee.isesesee Bl L L EEa, L BBCE i iirstssssrssssstsssssssssssstiisstisssisassstatsttsettssssrsrsns

521 530 540 550 560 570 580 530 600 610 620 630 640
1

A-GGACTGGTTGTGGGAGCCTTGGGTGHTGARGCARGCGTTGEGETCAGCATCARGAGGTCCTCCTTGGGCTTGACTTCCGAGTAGGARGAGARCAGCCCACGCTTGGTGCCTTTCTTTGCTRG
CTGGAACCATGGTGARAGCCGTGGGTATGGTARAAATC——-——--TAGCAGC TAG-GGAC—-— -TC

CTGGAACCATGGTGARAGCCGTGGGTATGGTARARATC-
A-GGAACCATGGTGARAGTCATGGGTATGGTARARATC---——--CARCARATAG-GGAC—-— GATCGGCAGCCARGTGCTAR-GGT—-GTCTTGCCAR-———--TACATGTGGTGA

651 1) 670 680 690 Fo0 710 720 730 F40 750 760 T
1

GTCGGTCTTTCACAATTGTCCARCARACTTGCTTACTCGTTCCATTTTARARAGT TTGCTTAAGATATAGTCCGTCCCAGTCGAGAGAC TGTCTGCTAGAGGAATGCCCTAATTA---GGLGGG

The conserved regions of the gene are demonstrated in different colour (red).
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Figure 6 Phylogram based on the intron of 185 rDNA gene for the s|
introns of the species D. parva and D. bardawil are represented with 1 and
strap values were calculated from 1000.

100 — D.bardawil-2
100 L— D.parva-2

pecies of Dunaliella and Dunaliella sp. ABRINW M1/2. The first and second
2, respectively. The tree is constructed using neighbor-joining method. Boot-

clades. Clade A contains all strains of D. tertiolecta
(CCAP 19/27, ATCC 30929, SAG 13.86 and Dtsi), two
strains of D. salina (SAG 42.88 and Dsge), D. primolecta,
D. parva, D. bardawil and Dunaliella sp. hd10. Clade B
consists of two strains of D. salina Ds18S1 and D. salina
Ds18S3. Clade C includes two other strains of D. salina
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Figure 7 ITS amplification with the primers of AB1-AB2. The PCR
product was analyzed by electrophoresis using 1% agarose gel and
marked using 1 kb DNA ladder (Fermentas Co.).

(CCAP 19/3 and CCAP 19/3) with weak bootstrap value
of 50%. The isolate of our interest, Dunaliella sp. ABRI-
INW-M1/2 appeared in clade D together with D. viridis
strain CONCO002 (bootstrap value: 83%). The tree sup-
ported the split between this clade (D) and all other taxa
included in clades A, B and C.

Salt tolerance and carotenoid production ability

Salt tolerance and growth experiments showed that our
isolate can grow at different salinity levels ranging from
0.5 to 4 M NacCl but the highest cell concentration was
obtained at 1 M NaCl (14.4 x 108 cell/ml).

The carotenoied content of the cells, cultivated under
stress condition of high light intensity (400 umol photon
m-2s1), high salinity (4 M NaCl) and nutrient limitation
(deficiency of KNOz and KH,PO,), was measured on days
12, 15 and 21. The carotenoid content of the cells reached
to the maximum amount of 240 ng/cell after 15 days and
remained constant till day 21.

Conclusion

This work demonstrates a new 185 rDNA arrangement in
Dunaliella genus. Although the size of 18S rDNA is simi-
lar to that of D. salina, position and nucleotide structure
of the intron is clearly different. The isolate differs from
D. bardawil and D. parva by the size of 18S rDNA and
number of the introns. Likewise, it varies from D. viridis
in terms of 18S rDNA gene length, and the size and posi-
tion of the intron. Further, analysis of ITS region
sequence indicated that this region in our isolate shows
similarity ranging from 78-88% with those of previously
known species. Based on the phylogenetic analysis, this
isolate with its closest related taxon of D. viridis was
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Dunaliella strains

Accession NO. (18S rDNA)

Accession NO. (ITS region)

Dunaliella sp. ABRIINW-M1/2 EU678868 EU927373
Dunaliella bardawil AF150905 DO116744
Dunaliella parva M62998 DQ116746
Dunaliella salina strain CCAP 19/3 EF473743 EF473744
Dunaliella salina strain CCAP 19/18 EF473745 EF473746
Dunaliella viridis strain CONC002 DQ009776 DQ377098
Dunaliella peircei strain UTEX LB 2192 DQ009778

Dunaliella salina SAG 42.88 EF473741

Dunaliella salina Ds18S3 FJ360758

Dunaliella salina Ds1851 FJ360756

Dunaliella salina Dsge EF473732

Dunaliella tertiolecta CCAP 19/27 EF473748

Dunaliella tertiolecta ATCC 30929 EF473742

Dunaliella tertiolecta SAG 13.86 EF473738

Dunaliella tertiolecta Dtsi EF473730

Dunaliella primolecta DQ116745
Dunaliella sp. hd10 DQ116747
Chlamydomonas reinhardtii AB511836 AB511842

divergent from all other taxa. Thereupon, the reported
sequences are considered as novel 185 rDNA arrange-
ment and distinct ITS region. Optimum growth of this
isolate occurred at 1 M NaCl and Maximum total carote-
noid was measured as 240 ng/ml. However, complemen-
tary morpho-physiological studies of the isolate are
needed to elucidate if the isolate is a new species/subspe-
cies.

Materials and methods

Dunaliella isolation and culture condition

Sampling was attempted from Maharlou saline lake of
Iran. 10 ml of the specimens were cultivated in a liquid
medium described by Hejazi and Wijffles [22] containing
9% NaCl. Dunaliella single clonies were obtained by
spreading the liquid culture on the solidified medium
containing 1.8% Agar. Then each single clony was cul-
tured in 50 ml liquid medium. The culture was incubated
at 26°C and irradiance of of 80 umol photon m2s-!in the
photoperiod of 16: 8 (L: D). Two strains of 19/3 and 19/18
D. salina were obtained from CCAP (Culture Collection
of Algae and Protozoa) as standard strains of D. salina.

Genomic DNA extraction

DNA extraction was conducted according to the protocol
developed in our laboratory: 1.5 microlitre of the green
algae culture was centrifuged for 5 min at 5000 rpm, and
supernatant was discarded. The micoalgal cells were sus-

pended in the lysis buffer containing CTAB 10 g/l, NaCl
80 g/l, Trise 12 g/1, EDTA 7 g/1, LiCl 2 g/1, PVP 2 g/l and
shaked to be well mixed. After incubation at 60°C for 10
min, the mixture was centrifuged for 5 min at 10,000
rpm. Then equal volume of Chloroform-isoamylalcohol
(24:1) was added and again centrifuged for 5 min at 12000
rpm. Upperphase supernatant was transferred into a new
tube and genomic DNA was precipitated by addition of
equal volume of isopropanol. The tube was kept for 10
min at -20°C, then centrifuged at 13000 rpm for 5 min.
Supernatant was discarded and the DNA pellete was
finally washed twice using ethanol 70%.

PCR amplification of 185 rDNA
To amplify 185 rDNA gene, two conserved primers called
MA1 and MA2, corresponding to conserved regions of 5'
and 3' termini, respectively, were used as forward and
reverse primers [7]. PCR reactions were performed in 50
ul containing 20 ng genomic DNA in TE (Tris/EDTA)
buffer, pH 8 [23] and 50 ng of the primers using 1x PCR
Master Kit (CinnaGen PCR Masster Kit, Cat. No.
PR8250C). Amplification was performed using 32 cycles
ina TECHNE Thermal Cycler (Model: FTGRAD2D). The
amplification was achieved according to the method
described by Olmos et al. (2000).

Based on the differences in the number and sequence of
introns in various Dunaliella species, Olmos et al. (2000
& 2002) designed three species-specific primers of DSs
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Consensus

D.bardawil
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D.sp.hdl0
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.ABRLI, H1/2
lina,Ds1853

TAGTC-GGGTTGGTCTT-TGCTARCCARC-AACACCARATCARAAC TARRGCCAAAGATATGTGCTCGGCCTAG--CCGTCACATCCTAACTGAGACAACTCTCARCAACGGATATCTTGGCTC
TAGTC-GGGTTGGTCTT-TGCTARCCARC-AACACCARATCARARC TARRGCCARAGATATGTGCTCGGCCTAG--CCGTCACATCCTAACTGAGACARCTCTCARCARCGGATATCTTGGCTC
TAGTC-GGGTTGGTCTT-TGCTARCCARC-AACACCARATCARARC TARRGCCARAGATATGTGCTCGGCCTAG-—CCGTCACATCCTAACTGAGACARCTCTCARCARCGGATATCTTGGLCTC
TAGTC-GGGTTGGTCTT-TGCTARCCARC-AACACCARATCARAAC TARRGCCAAAGATATGTGCTCGGCCTAG-—CCGTCACATCCTAACTGAGACARCTCTCARCAACGGATATCTTGGCTC
TAGTC-GGGTTGGTCTT-TGCTARCCARC-AACACCARATCARARC TARRGCCARAGATATGTGCTCGGCCTAG--CCGTCACATCCTAACTGAGACARCTCTCARCARCGGATATCTTGGCTC
TAGTC-GGGTTGGTCTT-TGCTARCCARC-AACACCARATCARARC TARRGCCARAGATATGTGCTCGGCCTAG-—CCGTCACATCCTAACTGAGACARCTCTCARCARCGGATATCTTGGLCTC
TAGTC-GGGTTGGTCTT-TGCTARCCARC-AACACCARATCARAAC TARRGCCAAAGATATGTGCTCGGCCTAG-—CCGTCACATCCTAACTGAGACARCTCTCARCAACGGATATCTTGGCTC
TAGTC-GGGTTGGTCTT-TGCTARCCARC-AACACCARATCARARC TARRGCCARAGATATGTGCTCGGCCTAG--CCGTCACATCCTAACTGAGACARCTCTCARCARCGGATATCTTGGCTC
TAGTT-RGGCTGGTCTT-TACCARCCARC-AACACCARATCARACC TARRGCCARAGATATGTGCTCGGCCTAG-—CCGTCACATCCTAACTGAGACARCTCTCARCARCGGATATCTTGGLCTC
TAGTC-GGGCTGGTCCT-TACTARCCARC-AACACCARATCARACC TARRGCCAAAGATATGTGT TCGGCCTAG--CCGTCACATCCTAACTGAGACARCTCTCARCAACGGATATCTTGGCTC
TAGTC-GAGTTGGTCCTCTARCARCCAARC-AACACCARACARRACCTARRGCCARAGATATGTGATCGGCCTAG--CCGTCACATCCTAACTGAGACARCTCTCARCARCGGATATCTTGGCTC
CAGTCCGGGTTGGTTCT-TATTARCCARC-AACACCARACARRACC TARRGCCATAGATATGTGGTCGGCCTAG-—CCGTCACATCCTARCTGAGACART TCTCARCARCGGATATCTTGGCTC
TGGTC-GGGTTGGTCTT-TGCTARCCARC-AACACCARATCARAAC TARRGCCAAAGATATGTGCTCGGCCTAG-—-CCGTCACATCCTAACTGAGACAACTCTCARCAACGGATATCTTGGCTC
TGGTC-GGGETGGTCTT-TTCTARCCARC-AACACCARATCARARC TARRGGCARAGATATGTGCTCGGGCTAG=-CCGTCACATACCAACTGAGACA-CTCTCARCA-CGTATA-CTTG-CTC
GCATC--GGTC--TCTTTTACTARCCARCCARCACCARACCARARC TARR-TTAARACCGAGTATCTAGCTTAGAGC TAGTGCTCACTAACCARGACARCTCTCARCARCGGATATCTTGGCTC
bt.gTC, gGGtbggTet T, TactARCCAAC, ANCACCARAL cAARACTAAAgccAafgat atGTgckocgheeTAG, . CogtcaCat.cCLAACEgAGACAac TCTCARCAACGgATAECTTGECTC

261 270 280 290 300 310 320 330 34 350 360 370 380

1

CGATGARGAACGCAGCGARATGCGATACGTAGTGTGAAT TGCAGAATTCCGTGAATCATCARATCTTTGARCGCARATTGCGCCCARGECT TCGGCTGAGGGCATGTTTGCCTCAGCGTCGEET
CGATGARGAACGCAGCGARATGCGATACGTAGTGTGAAT TGCAGAATTCCGTGAATCATCARATCTTTGARCGCARATTGCGCCCARGECT TCGGCTGAGGGCATGTTTGCCTCAGCGTCGEET
CGATGARGARCGCAGCGARATGCGATACGTAGTGTGAAT TGCAGAATTCCGTGAATCATCARATCTTTGARCGCARAT TGCGCCCARGECT TCGGL TGAGGGCATGTTTGCCTCAGCGTCGEGET
CGATGARGAACGCAGCGARATGCGATACGTAGTGTGAAT TGCAGAATTCCGTGAATCATCARATCTTTGARCGCARATTGCGCCCARGECT TCGGCTGAGGGCATGTTTGCCTCAGCGTCGEET
CGATGARGAACGCAGCGARATGCGATACGTAGTGTGAAT TGCAGAATTCCGTGAATCATCARATCTTTGARCGCARATTGCGCCCARGECT TCGGCTGAGGGCATGTTTGCCTCAGCGTCGEET
CGATGARGAACGCAGCGARATGCGATACGTAGTGTGAAT TGCAGAATTCCGTGAATCATCARATCTTTGARCGCARATTGCGCCCARGECT TCGGCTGAGGGCATGTTTGCCTCAGCGTCGEET
CGATGARGAACGCAGCGARATGCGATACGTAGTGTGAAT TGCAGAATTCCGTGAATCATCARATCTTTGARCGCARATTGCGCCCARGECT TCGGCTGAGGGCATGTTTGCCTCAGCGTCGEET
CGATGARGAACGCAGCGARATGCGATACGTAGTGTGAAT TGCAGAATTCCGTGAATCATCARATCTTTGARCGCARATTGCGCCCARGECT TCGGCTGAGGGCATGTTTGCCTCAGCGTCGEET
CGATGARGAACGCAGCGARATGCGATACGTAGTGTGAAT TGCAGAATTCCGTGAATCATCARATCTTTGARCGCARATTGCGCCCARGECT TCGGCTGAGGGCATGTTTGCCTCAGCGTCGEET
CGATGARGAACGCAGCGARATGCGATACGTAGTGTGAAT TGCAGAATTCCGTGAATCATCARATCTT TGARCGCARAT TGCGCCCARGECT TCGGCTGAGGGCATGTTTGCCTCAGCGTCGEET
CGATGARGAACGCAGCGARATGCGATACGTAGTGTGAAT TGCAGAATTCCGTGAATCATCARATCTTTGARCGCARATTGCGCCCARGECT TCGGCTGAGGGCATGTTTGCCTCAGCGTCGEET
CGATGARGARCGCAGCGARATGCGATACGTAGTGTGAAT TGCAGAATTCCGTGAATCATCARATCTTTGARCGCARATTGCGCCCARTGCTTCGGCTGAGGGCATGTTTGCCTCAGCGTCGEET
CGATGARGAACGCAGCGARATGCGATACGTAGTGTGAAT TGCAGAATTCCGTGAATCATCARATCTT TGARCGCARAT TRCGTCCGCGECT TCGGCCAAGGGCATGTTTGCCTCAGCGTCGEET
CGATGARGAACGCAGCGARATGCGATACGTAGTGTGAAT TGCAGAATTCCGTGAATCATCARATCTTTGARCGCARATTGCGCCCARGECTTCGGCTTAGGGCATGTTTGCCTCAGCGTCGEGET
CGATGARGAACGCAGCGARATGCGATACGTAGTGTGART TGCAGAATTCCGTGAATCATCARATCTTTGARCGCARATTGCGCCCARGECT TCGGCTGAGGGCATGTTTGCCTCAGCGTCGEET
CG-TGAG--ACGCAGCGAR-TGLG-TACGTAGTGTGA-TTGCAGAT T--CGTGA-TCATCAR-TCTT TGA-CG-TAATTGCGC-——ARGCATCG-CTGAG---ATGT T-GCTCACGCGT—————
CGATGARGAACGCAGCGARATGCGATACGTAGTGTGAAT TGCAGAAATACGTGAATCATCGARTCTTTGARCGCATATTGCGCTCGAGECT TCGGCCAAGAGCATGTCTGCCTCAGCGTCGEGET
CGaTGAagaACGCAGCGARATGCGaTACGTAGTGTGAAT TGCAGAALL cCGTGAATCATCaAaTCTTTGAAlGeaaATTRCGCccaRgbCL TCoglbgAGegcATOTLLGCcbeablhToggpt
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|
TCACTCCCCTCCTCCCATAGTG-GAR-GC-GGGTARGTG--GACCTGGCTGTTCC--AGAGCT TGAGTGC-TTCATT-GCGCTTGGCARTAGCTCTGGATCAGCTGAAGAGTAGAGGCTAGCTC
TCACTCCCCTCCTCCCATAGTG-GAR-GC-GGGTAAGTG--GACCTGGCTGTTCC-~AGAGCTTGAGTGC-TTCATT-GCGCTTGGCARTAGCTCTGGATCAGCTGAAGAGTAGAGGCTAGCTC
C-GGGTARGTG--GACCTGGCTGTTCC--AGAGC TTGAGTGC~TTCATT-GCGCTTGGCARTAGCTCTGGATCAGCTGARGAGTAGAGGCTAGCTC
Gl G--GACCTGGCTGTTCC--AGAGCTTGAGTGC-TTCATT-GCGCTTGGCARTAGCTCTGGATCAGCTGARGAGTAGAGGCTAGLTC
TCACTCCCCTCCTCCCATAGTG-GAR-GC-GGGTAAGTG--GACCTGGCTGTTCC-~AGAGCTTGAGTGC-TTCATT-GCGCTTGGCARTAGCTCTGGATCAGCTGAAGAGTAGAGGCTAGCTC
TCACTCCCCTCCTCCCATAGTG-GAR-GC-GGGTAAGTG--GACCTGGCTGTTCC--AGAGCTTGAGTGC-TTCATT-GCGCTTGGCARTAGCTCTGGATCAGCTGAAGAGTAGAGGCTAGCTC
TCACTCCCCTCCTCCCATAGTG-GAR-GC-GGGTARGTG--GACCTGGCTGTTCC--AGAGCT TGAGTGC-TTCATT-GCGCTTGGCARTAGCTCTGGATCAGCTGAAGAGTAGAGGCTAGCTC
TCACTCCCCTCCTCCCATAGTG-GAR-GC-GGGTAAGTG--GACCTGGCTGTTCC-~AGAGCTTGAGTGC-TTCATT-GCGCTTGGCARTAGCTCTGGATCAGCTGAAGAGTAGAGGCTAGCTC
TCACTCCCCTCCTCCCATAGTG-GAR-GC-GGGTAAGTG--GACCTGGCTGTTCC--AGAGCTTGAGTGC-TTCATT-GCGCTTGGCARTAGCTCTGGATCAGCTGAAGAGTAGAGGCTAGCTC
TCACTCCCCTCCTCCCATAGTG-GAR-GC-GGGTAAGTG--GACCTGGCTGTTCC--AGAGCTTGAGTGC-TTCATT-GCGCTTGGCARTAGCTCTGGATCAGCTGAAGAGTAGAGGLTAGCTC
TCACTCCCCATCTCCCACAGCG-GAGCAA-AGGGTAGTG--GACCTGGCTGTTCC--AGAGGTCGAGTGC-TTCATT-GCTCTCATCARTAGCTCTGGATCAGCTGAAGAGCAGAGGCTAGCTC
TCACTTCCCCCTTCCCAARGCG-GAGTGTTGGGARAGTG--GACCTGGCTGTTCC--AGAGCT TGAATGC-TTCATG-GCGCTCGTGARGGGC TCTGGATCAGCTGAAGAGCAGAGGCTAGCTC
TCACTARCCTCTCCCCCATG-G-GAGTTTARTGTTAGTG--GACCTGGCTGTTCC-—AGAGCTTGGGTGC-TTCATT-GCCCCAGTTAR-GGCTCTGGATCAGCTGAAGAGTAGAGGCTAGCTC
TCACARCCCCTCTCCCCARGTG-GAGT——-GGGCARGTG--GACCTGGCTGTTCC--AGARCT TGGARGCAT TCATTTGCGTCCACCCARAGG TCTGGATCAGCTGARGCATAGAGGCTAGCTC
TCACTCCCCTCCTCCCATAGTG-GARGC--GGGTAAGTG--GACCTGGCTGTTCCCCAGAGCTTTAGTGC-TTCTTT-GCGCTTAGCARAAGCTCTGGATCAGCTGAAGAGTAGAGGCTAGCTC
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were gathered from NCBI.

Figure 8 ITS (ITS1, 5.8 rDNA and ITS2) sequence alignment of Dunaliella sp. ABRIINW-M1/2 and other Dunaliella species. Data for other species

(5'-GCAGGAGAGCTAATAGGA-3'), DPs (5'-GTAGAG-
GGTAGGAGAAGT-3) and DBs (5-GGGAGTCTT
TTTCCACCT-3) for descrimination of the species.
Primer DSs is directed to the single intron of D. salina.
Primers DBs, DPs are directed to the second intron of D.
parva and second intron of D. bardawil, respectively.
They were used as forward primers along with the primer
MAZ2 as reverse primer for species identification accord-
ing to the method suggested by Olmos et al. (2002).

PCR amplification of ITS region

To design primers for ITS region, including ITS1, 5.8S
rDNA and ITS2, full ITS sequence of 6 strains namely
Dunaliella  bardawil DQ116744, Dunaliella parva
DQ116746, Dunaliella salina CCAP 19/3 EF473744,
Dunaliella salina CCAP 19/18 EF473746, Dunaliella
tertiolecta CCAP 19/27 EF473748 and Dunaliella viridis
CONC 002 DQ377098 were imported to Oligo5 pro-
gram. Two primers of AB1 (5-AATCTATCAATAACCA-
CACCG-3) and AB2 (5-TTTCATTCGCCATT
ACTAAGG-3") were designed according to conserved
sequences flanking ITS region in Dunaliella species.
These primers cover nucleotides 1-21 of ITS1 and 80-100

of 285 rDNA gene, respectively. The target sequence was
amplified in total mixture volume of 50 ul in above men-
tioned condition. PCR amplification was carried out as
follows: 5 min at 95°C as initial denaturing time, 35 cycles
of 94°C for 1 min, 57°C for 50 sec and 72°C for 1 min fol-
lowed by final extention step of 72°C for 10 min.

Restriction Fragment Length Polymorphism (RFLP) of
amplified 18S rDNA gene

For preliminary assessment of the sequence difference in
certain isolates/species which were assumed to be corre-
lated, the PCR products of the relevant samples were
exposed to restriction endonuclease of Taq I. According
to the protocol of manufacters (Germany, Fermentase),
250 ng of the product was digested with 5 U of the
enzyme in 37 C for 3 hours. Restriction fragments were
resolved through 2% agarose gel and were stained by
ethidium bromide.

Purification and sequencing of PCR products

PCR amplicons were purified using PCR purification kit
(Roche) according to the manufacturer's instructions.
Then, the purified products were sequenced by Macro-
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Figure 9 Dendrogram showing the relationship among Dunaliella sp. ABRINW-M1/2 and species of Dunaliella. The tree is based on ITS region
and was constructed using the neighbor-joining method. Bootstrap values were calculated from 1000.

gen company (Korea). Using BLAST software, the deter-
mined sequences were compared with the sequences
deposited in NCBI GenBank as 18S rDNA and ITS
regions of different Dunaliella species.

Phylogenetic analysis of sequences

To analyze the phylogeny of the isolated Dunaliella, align-
ment of the sequences was performed with the sequences
of different Dunaliella species which were submitted in
NCBI database as complete sequence (table 1). Multiple
alignment was performed using Expasy, Multalin [At
GENOTOUL BIOINFO] website. Four algorithms avail-
able at MEGA4 ver. 4: Neighbour-Joining (NJ),
Unweighted Pair Group Method with Arithmatic Mean
(UPGMA), Maximum Parsimony (MP) and Minimum
Evolution (ME) were employed to construct phylogenetic
relationships. Using NJ, the evolutionary distances were
computed using the Maximum Composite Likelihood
model and reliability of the branches was assessed by
bootstrapping the data with 1000 replicates. Phylogenetic
studies included Chlamydomonas reinhardtii (GenBank:
AB511836 and AB511842 for 18S rDNA and ITS region,
respectively) as the outgroup.

Salt tolerance and carotenoid production ability

To determine the optimum growth rate, the isolate of our
interest was grown at five different concentrations of
NaCl (0.5, 1, 2, 3 and 4 M). The flasks were maintained at

26°C and of 80 umol photon m-2s-1in 16 h light: 8 h dark
cycle. Growth behaviour of the isolate was measured
every two days using a Neubaur haemocytometer.

For determination of carotenoid content, the described
liquid medium was prepared with 4 M NaCl. Further, the
cultures were exposed to deficiency of nitrate (KNO,)
and phosphate (KH,PO,). The flasks were shaked and
maintained at constant high light intensity of 400 pmol
photon m-2s-1. The stress condition was considered to
obtain the maximum carotenoid production. Both opti-
mum growth salinity and carotenoid studies were con-
ducted in triplicate samples.

Carotenoid extraction was carried out after 12, 15 and
21 days cultivation. Its concentrations were deternined
spectrophotometrically according to the method
descrybed by Hejazi et al. [24].
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