O3l sl aolis alas (O
VFeY )ﬂ"-ﬁ & o)L«»’B A% 0)5.}
THV-YO) i

257 6y Gl Olale saa S sl 5 buly) 5 4l do s
b s p 55 S JI g bl

I ey ¢ iz el

Jg/;&%{gjjjw@’j}"j wjﬂf{&@.@“d&)[w ‘L;Jé’}[’: ué.a&ud«//wd &@Z’J Loniw 90 N

. . = s - s e T e e e e, s N P
U//‘g/;u)é_(:‘;j/«}w@’jjju@}n/:u@m u&/«bg}..’{/,..%j/u&”yu/;f/n.r

VECXI SNy b VECX/X/N e 2l 55 a3l

oS

a5 Gid b0y oS slapgs adlllae (ol o il (335 baly; g JalSS dalllas sl Jlows! Joo o (bS5 o535
slaJlg bolyen oale b g ol il (59 0093l it (Blol (g (plosli (Sl pl (ploulb Jold ;55 b jo 5 5ksl> (leale
.COX2 COX1 ATP8 ATP6 ND6 ND5 ND4 ND3 ND2 NDL el pgi5 »o (sl5las caiia s S50y 053 VY glgial 5 (50istlSss
DNASHar 581 5 5o b g5 Alols Jolos 5 4520 51 ol gl o dglin 5 21yl NCBI sl ULy 5 CYTB 5 NDAL .COX3
et 9 (o9 (Plowli g Slnl (Blowl GladisS (r (ao,0 A7) (S caledh (it Baiad)Lis (2l S gie JolS pos olsl
Bl 5l ol (3Lt s o g 25 50 ah oaaliane (ol i 5 (sg) (lols sladist G (o0 A0) (S caled (n fteS
23 0% =9 Plewli s Sl (alewl Glaaiss wius plulil ol slaatiss 5l (o sl (08 4855 2 90 b (ool d2g5 55 MEGAT
3l ol gl ols LSas (6,500 ploie 8053 ale L8 5 52055 loaiss 5 ;500 &ls3 5 )0 ol il g o (alosls (Jol s>
2 sl (p iy o alie ol S she Slapsss el sla JIss 5| ol @i b (efis S50, 05 VY odsdlS s slaJlss dnylie
ol dglie 5 ol s 0 ounlive NDAL 35 )0 sslis (1S 5 NDB 5 ND5 ND2 ATPB CYTB (glayj (sasistlSsi sla Iy
o9zeed s sl gomo s Ve (S calid S s L )ls cB 0 j0 eaieS s dSL‘?u'i)'l g Sglaie o5 VY L5;.\,:_~,.'|9.:.',.,<;|
GAbes 5 i )5 Slalllae gl abl s S sire peis sl Jlsf bl iba gl Ll ot llit NDAL 5 COX3
ol 5 5YL ol stes oS slapsis 5l ool b by ns ez 5T 035 51,5 0aliasl 050 6, lgls lanle Sslite sloaisS

RPN oLe,w...; Laadl ‘_,’Jﬁaf Conle o 6%*‘9%&" 6“&‘93 3 ool g conl L‘boj RRNTELPY

. . a .- 3 & o a e * /!.
27 8y kgl lale (S5 caalid ol L5 S5 )3 psiigine il OB 51

Email: ramin.abdoli.ramin.abdoli@gmail.com o el Jgtne o g *



Journal of Fisheries
Vol. 76, No. 3, Autumn 2023
pp. 341-355

Percent identity and phylogenetic relationships of Caspian Sea
sturgeon species based on mitochondrial genome sequences

Shirin Jamshidi!, Ramin Abdoli?*

1. International Sturgeon Research Institute, Agricultural Research, Education and Extension Organization (AREEO),
Gilan, Iran
2. Iran Silk Research Center, Agricultural Research, Education and Extension Organization (AREEQ), Gilan, Iran

Received: 30-Apr-2023 Accepted: 01-Sep-2023

Abstract

Mitochondrial genome is an ideal model to study evolution and phylogenetic relationships. In this study,
complete mitochondrial genomes of six species of Caspian sea sturgeon including Persian sturgeon, Russian
sturgeon, Ship sturgeon, Sterlet sturgeon, Starry sturgeon and Beluga sturgeon along with separate nucleotide
and amino acid sequences of 13 PCGs per each genome including ND1, ND2, ND3, ND4, ND5, ND6, ATPS,
ATP8, COX1, COX2, COX3, ND4L and CYTB were retrieved from NCBI database and compared. The results
obtained from sequence distance analysis by DNAStar software based on complete mitochondrion genome
showed high genetic similarity (99 %) between Persian and Russian sturgeon. Also, the lowest similarity (95
%) was observed between Sterlet and Starry sturgeon. In phylogenetic analysis by MEGAT7 software, two main
clusters with two sub-clusters for one of the main clusters were identified. Persian and Russian sturgeon species
were grouped in first sub-cluster, Ship and Sterlet species fall in the other sub-cluster and Starry sturgeon with
Beluga formed a different distinct cluster. The results obtained from the comparison of the 13 PCGs sequences
were similar to the sequences of the complete mitochondrial genomes. The most difference in nucleotide
sequences were observed in CYTB, ATP6, ND2, ND5 and ND6 genes and the lowest difference for NDAL gene.
The results obtained from the comparison of the 13 genes amino acid sequences were different as the order of
the species was changed and 100 % genetic similarity were observed for some genes such as COX3 and ND4L
genes. Based on the results of the present study, mitochondrial genome sequences could be used for
phylogenetic analysis and clustering of different species of sturgeons. However, the accuracy of investigations
by complete mitochondrial genomes is higher than the nucleotide sequences of the genes, and using the amino
acid sequences is not suggested due to their codon nature.
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NDS5 Acipenser ruthenus

Nucleotide Substitutions (x100)

ND5 Acipenser nudiventris
ND5 Acipenser ruthenus
ND5 Huso huso
ND5 Acipenser gueldenstaedtii
ND5 Acipenser persicus
07 ND5 Acipenser stellatus
% S

0
Amino Acid Substitutions (x100)

ND6 Acipenser ruthenus

ND6 Acipenser stellatus

ND6 Huso huso

ND6 Acipenser nudiventris
NDBG Acipenser persicus

ND6 Acipenser gueldenstaedtii

4 2 0
Nucleotide Substitutions (x100)

ND6 Acipenser nudiventris
A-.: ND6 Acipenser ruthenus

--- ND6 Acipenser persicus
ND6 Acip gueldenstaedtii

0
Amino Acid Substitutions (x100)

COX1 Acipenser nudiventris
COX1 Acipenser ruthenus
COX1Acipenser gueldenstaedtii
COX1Acipenser persicus

COX1 Huso huso
COX1Acipenser stellatus

24 000000000

2 0
Nucleotide Substitutions (x100)

COX1 Acipenser nudiventris
COX1Acipenser ruthenus
COX1Acip persicus
COX1Acipenser gueldenstaedtii
COX1Huso huso
COX1Acipenser stellatus

02 .

0
Amino Acid Substitutions (x100)
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Divergence

Divergence

Divergence

Divergence

Divergence

Divergence

Divergence

Percent Identity

Nucleotide sequences

Percent Identity

COX2 Huso huso

COX2 Acipenser gueldenstaedtii
COX2 Acipenser nudiventris
COX2 Acipenser persicus
COX2Acipenser ruthenus

COX2 Acipenser stellatus

1

2| 3|45 |6

1 [l 965|978 (974 (978 (983 1

2 |36 [ 957|983 991|983 2

3 | 22|13 I 996 |100.0[/996 | 3

4 |27 18|04 [H 996 991 4

5 (2209|0004 o5 5

6 18|18 /0409 04 N 6
1 | 2[3]a[5]s

Amino Acid sequences

Percent Identity

COX2 Huso huso
COX2Acipenser gueldenstaedtii
COX2 Acipenser nudiventris
COX2Acipenser persicus
COX2Acipenser ruthenus
COX2 Acipenser stellatus

4 5 6

96.9 [96.7 | 98.9

99.4

o o|alwina

Nucleotide sequences

Percent Identity

COX3 Huso huso

COX3 Acipenser gueldenstaedtii
COX3 Acipenser nudiventris
COX3Acipenser persicus

COX3 Acipenser ruthenus

COX3 Acipenser stellatus

12

1
B

2| 3]|4]|5]6s

8.9 {100.0{100.0/100.0{100.0

98.9 989|989

0.0

100.0{100.0

0.0

0.0

oo s w|N -

0.0

Amino Acid sequences

Percent Identity

COX3 Huso huso

COX3 Acipenser gueldenstaedtii
COX3 Acipenser nudiventris
COX3 Acipenser persicus

COX3 Acipenser ruthenus
COX3Acipenser stellatus

Nucleotide sequences

Percent Identity

ATP6 Huso huso

ATP6 Acipenser gueldenstaedtii
ATPG Acipenser nudiventris
ATP6 Acipenser persicus

ATPE Acipenser ruthenus

ATP6 Acipenser stellatus

2 |3

1 1

2 2

3 3 09 978 | 3

4 |22 |13 [13 4

5 12718 |18 5

6 |32)22)|22 6
1 2 3

Amino Acid sequences

Percent Identity

ATP6 Huso huso

ATP6 Acipenser gueldenstaedtii
ATP6 Acipenser nudiventris
ATP6 Acipenser persicus

ATP6 Acipenser ruthenus

ATP6 Acipenser stellatus

4 5 6

1 958 | 97.6 [99.4
2 97.6 {958 [96.4
3 2 95.2 |195.8
4 | 43
5 |24
6 | 06

1

Nucleotide sequences

ATP8 Huso huso

ATP8 Acipenser gueldenstaedtii
ATP8 Acipenser nudiventris
ATP8 Acipenser persicus

ATP8 Acipenser ruthenus

ATP8 Acipenser stellatus

COX2 Acipenser gueldenstaedtii
COX2Acipenser persicus
COX2Acipenser ruthenus

COX2 Acipenser nudiventris
COX2Acipenser stellatus

COX2 Huso huso

22

o e——

2 0
Nucleotide Substitutions (x100)

COX2 Acipenser gueldenstaedtii
COX2Acipenser ruthenus
COX2Acipenser persicus
COX2Acipenser nudiventris
COX2Acipenser stellatus

COX2 Huso huso

15

_

0
Amino Acid Substitutions (x100)

COX3 Huso huso
COX3Acipenser stellatus
COX3 Acipenser nudiventris
COX3 Acipenser gueldenstaedtii
COX3 Acipenser persicus
mmemmemmessesseeeeees COX3 Acipenser ruthenus

D S,

2 0

Nucleotide Substitutions (x100)

26

COX3 Huso huso
COX3 Acipenser nudiventris
COX3Acipenser persicus
COX3Acipenser ruthenus
COX3 Acipenser stellatus
06 COX3 Acipenser gueldenstaedtii
6

0
Amino Acid Substitutions (x100)

ATP6 Huso huso

ATPE Acipenser stellatus

ATP6 Acipenser gueldenstaedtii
ATP6 Acipenser persicus

ATP6 Acipenser nudiventris
ATP6 Acipenser ruthenus

49

4 2 0
Nucleotide Substitutions (x100)

ATP6 Huso huso

ATPE Acipenser nudiventris
ATPE Acipenser persicus

ATP6 Acipenser ruthenus

ATP6 Acipenser gueldenstaedtii
ATP6 Acipenser stellatus

16

_—

0
Amino Acid Substitutions (x100)

ATP8 Huso huso

ATP8 Acipenser stellatus

ATP8 Acipenser ruthenus

ATP8 Acipenser gueldenstaedtii
ATP8 Acipenser persicus

ATP8 Acipenser nudiventris

23 S —

2 0
Nucleotide Substitutions (x100)
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Percent Identity

2 | 3]4]5]6

Amino Acid sequences

| 1 982|982 | 1 ATP8 Huso huso
@ 2 5 964 (964 | 2 ATP8 Acipenser gueldenstaedtii
S 3 37 | 57 982 | 3 ATP8 Acipenser nudiventris
f:‘"): 4 57 |77 | 5.7 4 ATP8 Acipenser persicus
a 5 18 | 37 | 18 L ATP8 Acipenser ruthenus
6 18 | 37 | 18 6 ATP8 Acipenser stellatus
1 2 3
Amino Acid sequences
Percent Identity
2 [3[4a]5]s
1 954 (934|968 | 1 CYTB Huso huso
@ 2 57 988 (936|944 | 2 CYTB Acipenser gueldenstaedtii
E’ 3 48 | 48 96.1 (96.1| 3 CYTB Acipenser nudiventris
§ 4 |48 (12| 36 7954 | 4 CYTBAcipenser persicus
o5 |70]68[a1]56 s 5 CYTB Acipenser ruthenus
6 [33 59|40 i - 6 CYTB Acipenser stellatus
1 [ 2[3]a]s]s
Nucleotide sequences
Percent Identity
3 4 5 6
1 99.2 {995 (995 1 CYTB Huso huso
] 2 35 9741971 [(971| 2 CYTBAcipenser gueldenstaedtii
g 3 03 | 32 99.599.7 [99.7 | 3 CYTB Acipenser nudiventris
Q 4 08 | 27 | 05 997 [99.7 | 4 CYTBAcipenser persicus
a 5 0530|0303 ! 5 CYTBAcipenser ruthenus
6 0530|0303 [—0.5 6 CYTBAcipenser stellatus
12 [3]a]s
Amino Acid sequences
Percent Identity
4 5 6
98.0 [97.3 ND4L Huso huso
2 ND4L Acipenser gueldenstaedtii
S ND4L Acipenser nudiventris
g ND4L Acipenser persicus
a ND4L Acipenser ruthenus
ND4L Acipenser stellatus
Nucleotide sequences
Percent Identity
4 5 6
100.0{100.0 1 ND4L Huso huso
3 100.0{100.0 2 ND4L Acipenser gueldenstaedtii
g 100.0{100.0 3 ND4L Acipenser nudiventris
3 I 100.0 4 NDA4L Acipenser persicus
a 5 ND4L Acipenser ruthenus
g : ND4L Acipenser stellatus
1 2 3

oz B o 1) Bl b)Ls Jelos 5 ases YL ol
el 3,5 e Sagiipls plyie Coond
o955 Sodls b (i 5 L5 plesl j) e nSagifslid
Lalllas gl oiad,0d (60,505, 4n 5 oa5 slogl
Sl oa i oo loaisS JalSS 5 Soilet

Slog>ge yidon jo ol S s poif (Behura, 2015)
VY el g arsls Job 3L olS Yo B VO oy Ygone

ATP8 Acipenser persicus

ATP8 Acipenser stellatus

ATP8 Acipenser nudiventris
ATP8 Huso huso

ATP8 Acipenser ruthenus

ATP8 Acipenser gueldenstaedtii

2 0
Amino Acid Substitutions (x100)

CYTB Huso huso
CYTBACci
CYTB Acipenser gueldenstaedtii
CYTB Acipenser persicus
CYTBACci nudiventris
- CYTBAcipenser ruthenus

- r...  F A

4 2 0

Nucleotide Substitutions (x100)

5.0

CYTB Huso huso
CYTBAcipenser nudiventris
CYTBAcipenser ruthenus
CYTBAcipenser stellatus

CYTB Acipenser persicus
CYTBAcipenser gueldenstaedtii

15

_—

0
Amino Acid Substitutions (x100)

ND4L Acipenser gueldenstaedtii
ND4L Acipenser persicus
ND4L Acipenser stellatus

ND4L Acipenser nudiventris
ND4L Huso huso

ND4L Acipenser ruthenus

16

_

0
Nucleotide Substitutions (x100)

ND4L Huso huso

ND4L Acipenser gueldenstaedtii
ND4L Acipenser nudiventris
ND4L Acipenser persicus

ND4L Acipenser ruthenus

7S NDA4L Acipenser stellatus

_—

0
Amino Acid Substitutions (x100)
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