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Introduction

Sturgeons (Acipenseriformes) are of the most commercially and scientifically important fish species in the
globe. These fish are mostly anadromous, spending most of the life cycle in the marine and brackish
waters and migrating to the freshwater rivers to spawn (Kottelat and Freyhof, 2007). The Caspian Sea
basin has been the main refuge for six species of sturgeons namely Huso huso, Acipenser persicus,
Acipenser stellatus, Acipenser guldenstaedtii, Acipenser nudiventris and Acipenser ruthenus, all of which
under critically endangered level of the IUCN red list (IUCN, 2025). Generally speaking, the number of
sturgeon species has declined, and the beluga (H. huso) is currently in the most critical situation due to a
decline in the number of adults leading to local extinctions of the wild populations (Dudu et al., 2014). It
is worth noting that female beluga does not spawn every year and the optimal reproductive performance of
these fish occurs at an age equivalent to twice the age of first sexual maturity, which can be considered as
a limiting factor in the survival of this species considering the shrinking populations (Boscari et al., 2021).
Several factors such as overfishing and poaching for trade of caviar and meat, dam construction, loss of
nursery grounds, pollution, global warming, and reduced volume of freshwater flowing into the seas are
considered to be the most important components in the decline of wild sturgeon populations. In order to
compensate the loss of wild populations of H. suso and on the other hand providing the human society
required caviar and protein, Iranian Fisheries Organization started the restocking activity since five
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decades ago and stablished sturgeon aquaculture from two decades ago. Due to the sharp decrease in wild
mature beluga of the southern Caspian Sea during the last decades, nowadays most of the aquaculture and
restocking activities are forced to be focused on the brood stock generated from few wild parents in the
past. Therefore, it is necessary to use modern molecular methods and prepare a genomic-based certificate
to protect genetic reserves and enhance the genetic diversity of the native beluga in the south of the
Caspian Sea. Genetic diversity represents the variations in the number and type of alleles available in
chromosomal loci, which is also considered the main basis for the adaptation of species and populations
against changing environmental conditions. While several molecular markers such as SSR, AFLP, and
mtDNA, have been widely used during the four decades in fisheries studies (Robledo et al., 2018), these
days due to the revolution in the genome sequencing technologies (NGS) more robust genotyping methods
such as Genotyping-by Sequencing (GBS) can provide more diverse, sensitive and accurate estimations by
screening thousands of variant markers throughout the whole genome of organisms even in species
without reference genome (Sonah et al., 2013; Andrews et al., 2016; Barria et al., 2018; Liu et al., 2018).
Therefore, during the present study for the first we used a genome-based technique known as GBS in order
to estimate the amount of genetic diversity and identify possible genetic nuclei in H. suso brood stock
available at International Sturgeon Research Institute (ISRI).

Methodology

The feeding was stopped a week before sampling and each fish specimen was PIT tagged for later
traceability purposes. Caudal fin tissues of 23 Huso huso was sampled and preserved in absolute ethanol
for later molecular experiments. DNA extraction was done from the fin tissues through Phenol-
Chloroform method with minor modifications (Jafari ef al., 2022) and their quality and quantity in terms
of DNA integrity, purity and concentration were determined using 0.8% agarose gel and Nano Drop
instrument (ND 1000). After DNA samples were qualitatively approved, DNA pellets were sent to
Novogene for 150bp PE sequencing on a lane of [llumina Novaseq 6000. Quality of the raw reads
generated by sequencing were assessed through Trim Galore
(https://www.bioinformatics.babraham.ac.uk/projects/trim_galore/) and only window reads with mean
quality of 20 were kept in the final dataset. The clean data set then mapped to the genome reference of
Huso huso using Bowtie2 (Langmead and Salzberg, 2012) and the SNP calling was performed based on
Stacks. After conducting SNP calling, SNPs were filtered based on parameters such as MAF of 0.05, LD
and Hardy-Weinberg equilibrium. Dispersal of fish individuals were visualized using Principal
Component Analysis (PCA) based on the two first components in R (Team, 2013). Furthermore,
FineRADstructure was used to illustrate the probable genetic clusters based on coancestry information
through SNPs (Malinsky et al., 2018).

Results

The sequence quality analysis showed that the quality of the sequences was high with an average of 92.55.
In total, 294 Gb of DNA data obtained from GBS libraries contained an average of 41% guanine (G) and
cytosine (C) bases in the genome of Huso huso. PE genomic sequencing produced 261,974,459 reads, with
an average alignment of 90% to the reference genome (Table 1). The average number of reads obtained
from DNA sequencing in each specimen was about 11 million reads. The results of variant calling showed
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that a total of 1836 SNP markers with a minimum allele frequency of 0.05 were called from genome
sequencing in H. huso with the maximum number of SNPs detected on chromosome 58 (Fig. 1). Based on
the results obtained from SNPs obtained from genomic sequencing, the amount of genetic diversity
observed in the H. huso broodstock was 0.35. Also, the inbreeding and nucleotide diversity were
calculated to be 0.02 and 0.28, respectively (Table 2). The distribution of genetic diversity in the H. huso
broodstock using the two first components of PCA is depicted in Figure 2. Based on the results of the
PCA, the first two components accounted for 31.89% of the variance. The results of the phylogenetic
relationships based on coancecstry relationship also showed that the studied broodstock of H. suso can be
considered in two main genetic sub-groups (Fig. 3).

Discussion and conclusion

Identifying genetic reserves and maintenance of genetic diversity are among the most important measures
in managing broodstock either in a sustainable aquaculture activity or in a restocking program. In
sturgeons’ aquaculture, there is a particular concern about the reduction of genetic diversity in intensive
beluga farming. Preservation of an appropriate level of genetic diversity within the population is of great
importance in diminishing negative effects of inbreeding and genetic drift. In the present study, and to the
best of our knowledge for the first time in Iran, the identification of genetic groups in the broodstock of
Huso huso available at the International Sturgeon Research Institute was carried out using GBS method.
Accordingly, creation of a genetic certificate using 1836 SNP markers obtained from GBS was
successfully implemented on 23 H. huso. Based on the obtained results from 1836 SNP marker, the
observed heterozygosity was 0.36 in the investigated broodstock of H. huso. Observed heterozygosity is
the most common indicator of genetic diversity used in determining the genetic health of fish broodstocks.
Alongside with the observed heterozygosity, allelic richness should also be taken into consideration in
assessment of genetic diversity. Results of the SNP markers showed a considerable number of alleles (A=
105) in the studied broodstock of H. huso, indicating a satisfactory level of heterogeneity in this
broodstock. This was also supported by the small value of inbreeding (F;= 0.02). The UPGMA tree based
on coancestry information revealed an admixture pattern of genetic clustering in H. Auso. It seems that
wild parents from different populations had been used in generating the broodstock of H. huso at ISRI
during the past decades. However, based on the genetic clustering heatmap it is suggested to consider two
genetic nuclei in the investigated broodstock of H. huso in order to keep the genetic diversity for future
sustainable aquaculture purposes.

Contflict of interest

The authors declare that they have no conflict of interest.

Acknowledgment

Hereby we wish to appreciate Iranian Fisheries Science Research Institute and Iranian Fisheries
Organization for their financial support and also providing laboratory required equipment to conduct the
current project.



(DOI): 10.22092/1SFJ.2025.134491 Y& (£) VA-YA Ol oM gale dlas

i g 31— ok Ao

Pl (90 0 533 33 (S ) Egi Ol w0 9397
P9y b I i Jol> sosls y oolaw! b (Huso huso Linnaeus, 1758)

&&M\cwkw‘djbuj@dcobﬂdbdlﬁ wls&.l@.ﬁcb\)da;fpbc JQA}-M‘
\Lf.‘“m S goasws 4YL5))§..'2 e co‘vr.l}.n)x 4‘”)"&" v.i]e c\)..vt.a a:\)'&.w;- Jaes c\a.:b'd\.)\..&
*Jaafari.omid@yahoo.com

s 9 Ohosel wlidald Gladle s Ve o sle SlEEaS dn fo (5ol Gliale LLall (s olEdas i) -
Ol ey (g5oslas
Olos) (s ol e le jlew =Y
Oloal O 8500 WS s 5 Gh)sel colidas Gloslu sdS SNk asle SlEEaS diwinfo -
ol @S «sD0sLES s 5 Ghosel (o liiad Gledla (Gl 50 5LES (5351 555 s oK ka 53y —¢
sl S 0l S8 anks gl suSESls (Mt o 5 S0

\E'EQL}T%‘%@JU \i'i‘)x)@utx.le&‘)ll \i'i\)é&é[ﬁ)é&‘)u

oS>

Wﬁuﬂydég.km)l.bu‘)ldld}jdﬂyoﬁé4.{0:}:CJhAQIJﬂJJ‘sJLs}b-QLALAleJ}J; w;u;juulul},&b@lﬂy
6Jb3\>uuhdjjfdflWw}ajscwwwdﬁl}adfﬁﬂjléJlsuuud&w}{ulw w\a.).ﬂ:bulw.\fjéj;
RS E - RTINS g rysz@bd‘yumjbb sl Gl s ol 05 s caucpl Sl es g DLl s
RWPY 4 e (A9 Gbu;‘)’ A eslal 46JL}L> Olabe grtdl js 3550 @Lﬁ&ﬁw.ﬂ}nayéﬂ ryjjwv‘l)g}n aalls
Gt Ak b o5 s "SNP KL A lils WLWL@pJJ_ﬂ&w ol YSVAVERRS 5l fol o315 YATGB
omL;,«U,A}SM)QJ}ﬁnu\ﬂJ:l:u\wa.\...uw{SNPsJ.l»)uﬁjlyucu .\.wamwa/\uwr”}»};ful Sl
Ml & L &S ws el on 30 Vs o3 5o PT N0 s ool 4 /YO ‘):.\.:..n.:b::yy@b‘}adﬁye)#:ﬁ
&JGP}S}I)Uu)b&jlle&éM@bLﬂsNPLSL&;)L‘J'O)LW'Lé}brﬁbl})}l&l}@b :};e){u.s J)WL«‘
-AJQ;QJJ‘_)J o/ Y@JféJy&uJJJJ}AJJGNQ‘JJ Md"‘""("““‘“g}"b &JM?}:JAM‘JJ&UJJJJ)A
LS’“’.j u.sJJ)A BE) YL Cy J§JL~.’ JulyL;PCA uyjl BE) odalin JJ}AMNWJL»LN JL\f BE) d}a«é U’“"L’ OIJ.J u.s\ttf
sleig (o LgLM.l{GJ Qi Ol f Gl iy gl w4 dgdoe Sy e s e g L Ml;ﬂl;—wo.&j)l:u‘
LAIJJWMJ—.SJ ug....;)dujbuhb‘djdLﬁblf&bLﬂMJJaLrgdﬂijwwydl.hwjjjabu.m'bbbb;@
33; r\.u\ LSJ)J-’LSJ’I 9 23 ol s ‘5<~a‘) Sledb|

3kl Slible < puSions] ccsiaaling 55 Ul 25 5SS IStz S G LS

J s ° . "yo’»‘.%

MCopyright: © 2025 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed

under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

! Genotyping-by sequencing
2 Single nucleotide polymorphism (SNP)
4


https://creativecommons.org/license

e 800 58 (SB35 £ 68 Oloae 950

OLKen 5 (s 82

Cewsd g jlons (] g g gl (398 ol L2
5 Sl ol o Sodll (s, slagle (3,
el yo @ laailsog, Goyb 5l e o (699,5 (Lals
Sbgls plole iy lacunes falS Jolse (n St
5 SYsb e a3z Lo a4 eboe a3 Sl o
G100 e s sl (6Ll Gledle ¢ 509,30 Copndg
A ol 5 [y ASTAS 0z9 41 5 (Sogll e 5l e
ple s bgls lale oyl o .(Friedrich er al,, 2019)
SVl & Syrlee e (5 SYsb I Bk 5 ksl
loy S5 5 lads cazis )0 el o595 0 (551015 (6l
Ciftci et al., 2013) wlaalis 56 wes opl p b
3w ESbe Sl e Ve (Jle gl aSs5ba
by 5l elS eb 4 4sS oyl Corax PO ailos,
yehate 4 (Freyhof et al., 2020) o Bd> 5L 0l
el sl o ksl plabe (rmb 255 S
Pl 2SSy cios aalse deo b Rl S 01 ans
el by olsl e plale e (s3lale; 5 (2359 Laore
@y 229> 50 plabe ol Limg plES Silesl @
9 902 Ol ALBAS and (b iz 2 w035 )55 sbye
adly oS uday ale b ogasd laaiss (nl 2S5
ssbie 4 adg g plBS gilesl yo w,nl 5l cl
FO Jos 033 & iy 5l (i (Sl 55003
Bl 4 ol g IS5 Cazr S 50 39290 (g
29 sd90 ST yo bdes 0,53 ol il 00305 ol
a2 )0 g plge Bolar gla I oS slaws ulul
5 osliid b b sl 5l gyl 5 ailedds olml A-
gl 5o (S aebiwlid i 5 (Js¥se (st o b,
Olyee sl 5 (S35 plBd cblim ane (o (5o p55
Sbyo 25 o> (sl o n1BS (S g9
olawd ;o Oglas ouiiS oyl (S £955 00,5 pladl ylS
445 Cel ga55509,5 slo Sl 10 05250 sla Ml gsi g
bolys b lblerer 5 baisS )55l ol sl lsis
Mz Sl i e 09l oo Slaeld 5 e arsre
5 Wojlgalen, asle oo (Soij glajlpl ass
5 lSS Sldllae sl jslaie 4 mDNA gls Silis

EVRY-T
R e T R T
seiiey mbe (p e 3l S (Acipenseriformes)
Ao 5 ale 551 035 0 5 ey sl
(S ks> plale sladisS 25T .00509,0% 5 (VL Coonl
9 05h3S oo byd jo 1y 395 jes il g diien 553,
(S b & i Lailesg, 4 (55,058 Sl
35 @b ok or 5l g W)l a5 a6 )bl plele
ok ol (o0 43T 4 Az 5 L aS (5 9l 1 )55
Kottelat and ) selxl Jsbas Jlo Y+ b g2Slas>
&y ol oKaly 35 sb,o ass> (Freyhof, 2007
Ao slagh & sl plale I 658 s el
(Acipenser persicus) Oapeyd  (Huso huso)
A. ) Ul (Acipenser  stellatus) ygy0y3))
A ol el (A. nudiventris) i (guldenstaedtii
TUCN 0,8 Cs 98 10 4565 s ,o 45 ol (ruthenus
Sl I3 phEl St ey 0 ada adb s
obele slaaiss slass (IS ,eb 4 (IUCN, 2025)
H. ) 55k s )lgls oale g cond aiily als (g bsls
o dboldl slaws als s 4y ol b s (huso
4 e Eydge (nl &5 Sl I3 Casdy (n Sl
obls (Dudu et al,, 2014) sgis o Joe sla ol il
e Al o alold oole (palge sl 53
= 3 Ol ool (readdgs o Shoe aig g w5 (oo
ol o5 Wl o B pir 5k Sl e 50 b Jolns
ol Glatunes (ud SasS 4 a2 b Wl oo g9dge
S e ol sld jo cuisS sgame Jule SO laie 4 aigS
31 sl sble (FaiSTyy il Jlor 5o 095 436
Sl «Bg5l by ol by Jold adlate vz 4
5 00 ey sloailiog,) Ll Lol glaasls 5 Cppnsls
Dudu et al., 2014; ) 545 o dgaza (155! g &g e bsS
by o &S pl jea> (Boscarl et al, 2021
9 0g 0l Cd i Jle £r B PO ail3og, g SSL 0]
(Antognazza, 2021) 545 co (& 0l 5 die 5iS]
B2 g N9y e Ho7ed (Al Jlse (S ek @

Y.



I gy 9lge

bl 9 DNA zl,5uinl ()l paiges
NSRRI PP NP XU IR
Al ol wias aolié ald aas Ky S 4y yse
gl 0033 5 SOL o ol Jd Wge askad VY 5 e
40l ()b paiges 5,be lele ol Sl
O U PIT Jlabyed s Sy jaigensls 55 S, o o
G0 paigad (e )0 &S L8l plaisl g3y pgase
O g odd 0,ud (allae Joilbl jo bbdiges oSl
4 S55Ssn 5 S5 G 5o adly Sy oSl
sobie 4 wal Jiie eg5 DNA gzl jglate
Dol (S b opyals-Jed by, 5| DNA g5l
5 CoeS 5 b oolawl (Jafari er al, 2022) ;>
3BT U5 9 ologl sleslatl b >3l DNAS s
S obeebl 51wy 28,5 18 oy 3590 S0y A
eolaiSl 808§l ey 5 00 e s il g
Lok cd V8- ad)b g0 (seg) b Iy 1y Ladiged
51z, 4 [llumina Novaseq 6000 oo 5l oolaxul
Lad Jle,l (Novogene, China) ,gu8

wodlo (5310 51 3 (095 sl dalonigas joxi
o sshie 4 (o9 b Jly 5l Jel> sla slaosls
sy 50 TrimGalore 3l oolaul b o yiilg> oS
https://www.bioinformatics. ) az8,5 |8
o (babraham.ac.uk/projects/trim_galore/
bowtie2 e ,o ol fd az 0 psi) 4 b iles
, 5 (Langmead and Salzberg, 2012) ouis cayo, o
5l v 8,5 ol Stacks  SNPs lgs1,8 colys
50 (S slao Lol 1 Sl jslaie 4 Populations ai
€55 5521033, ol g gilS 3 €935 o i el
(Catchen et al., 2013) o solaiwl U :Lé 4 S5
oz L daools coaS ol jglaie 4y pien
Vo cwaS 5l Blas a5 wal lads ools dcgeze o
6 59,5 5118 o S g3 51 g 032 10,95

! Passive Integrated Transponder (PIT)
AR

8 esliial 5 50 liale jo crem slaylisle lolis
Sladllas ( Seee 5 (Robledo et al., 2018) wilazs 5
oolaiwl 4 ylei oo ol o ple Jud 4565 a8 5 O g0
Oliee 0yl sshate & ojlsmlosy, Silis cizr e
55 o)lal ,9iS" (Lhygn E)lpe )3 WS (nl (ST Eex
caz ke 5l Jolb mbs .(Moghim et al., 2025)
09,5 93 )% b (S5 pled 5l (S ojlgaleny; Silas
oS (Farasati et al., 2020) sg plo )3 5,5, Vo
S5 Rl GV ol b B o ant ol
Shemon Oype (Shign Coxex 99 m odelived g
Kazemi ef) 54 (puslS b )0 o5 9> 0 alo L8
0ylsalsss , s, Silis az g3 bl cllse o8, s (al., 2021
b Iy cano 0 0nd obml SRt slacd i
2V w5 6,2 sl wal,d L (NGS)
«Simbsy 5 (S LS e S Slejen g pos
won o ) srgse 5 JoS (@B slagem) n GB
Sluise pol2 gz ye gy Wb laaiss (> laaiss
Sonah et al., 2013; Andrews et al., 2016; Barria)
48,5 O g0 anlllas 4o (et al., 2018; Liuetal., 2018
4 GBS oL Jlg 5l Jol> SNPs I ale b 43S
sl oyl Comaz (o 13k 6l lre G ol jslate
Boscari ) as sslicel K3l yol sl oole b 5l ons
3o Rlefd w5 YL coonl w2, 4 (et al., 2021
ol Sronisil lr s GelS Slyd s s>
5 ookl b aelr aslllas 5:SL oll s o lsls
@bl ln (0955 Sb JIF 2 e g Slahy)
9300 3 el 48,50 O 90 35290 0355 a3 (5 Al
Omed S5 lRl 5o 0k Gl gl pol e o
@ p5) waw ;0 (GBS) b Jlg 5l eolil b usigs
loas olulid 5 (S35 g9 liee 05l ke
2 3979 (Bladd (nilse 0SS 0 Jlusl (S
S olsie 4 kgl Glale (ol e Slanion g2l
58550 6)bsls (ol o i S (it

0,5 colazwl



e 800 58 (SB35 £ 68 Oloae 950

OLKen 5 (s 82

el

55 AVIOO 1:Sikes b ol (VL ceaeS Silis b JIgs (oo 2
GBS slallis ;i alol> DNA osls YAYGb (ggozxe ,o
i 3 () (lsS sl sojo TV (gol> 1Sk 5l 4
Sl o935 a3l 95 b JIg wvg alad psis 4o (O)
TR JOV-NN ¢ FORPURVRSC gt el A RN A o (AL IRV
O Jgoz) ael Cowods asys 4 &0 e A o]

OGS Ty 092 28 pdy pwl LD g S pisly (g0)le Jolas
)‘)5“&).: 9 PCA ug./a)] Js‘ =La.l§.a 9o )‘ oolazl L» UJJ.I}A
sshie @ cpimen (Team, 2013) aslpo 1>l & R
Sladdos digy Slani (o) 9 (SEG €95 Slespan
oolaxwl Finestructure 5l g Lo Lals, olwl 5 S05

.(Malinsky et al., 2018) 45,5

Blod 4is5 33 GBS b JIgi 31 ool cawdsy pls s siilgs 1 Jga
Table 1: Raw reads obtained from GBS libraries in H. huso

Sample Q30 (%) GC (%) Base number (b) Read number
LWS-1 94.59 40.18 3156888872 10589391
LWS-2 94.37 40.54 3367234649 11313069
LWS-3 94.52 40.50 3101866023 10431469
LWS-4 94.54 40.75 3640055055 12294239
LWS-5 94.36 40.69 3335740768 11205311
LWS-6 94.47 40.40 3519415167 11808156
LWS-7 94.39 40.55 3469450674 11655005
LWS-8 94.59 40.37 3222170766 10807715
LWS-9 94.74 40.29 3836275808 12864342
LWS-10 94.60 40.40 3336211305 11199876
LWS-11 94.56 40.65 3547642492 11909925
LWS-12 94.52 40.58 3493466981 11750308
LWS-13 94.48 40.75 3381049835 11359683
LWS-14 94.41 40.99 3673380587 12383783
LWS-15 94.65 40.50 3664207000 12296679
LWS-16 94.47 40.64 3130740829 10517162
LWS-17 94.40 40.73 3468149234 11659250
LWS-18 94.48 40.47 3310527674 11104526
LWS-19 94.47 40.69 3282350356 11031335
LWS-20 94.68 40.42 3163272069 10608266
LWS-21 94.29 40.67 2963891418 9944608
LWS-22 94.56 40.58 3552295775 11925479
LWS-23 94.51 40.71 3371938129 11314882
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Table 2: Results of some genetic indices obtained from GBS in H. huso

Parameter Value
An 105
Heo 0.36
Ho 0.64
Hee 0.27
He 0.72

T 0.28
Fis 0.019
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An: number of alleles, Heo: observed heterozygosity, Ho= Observed homozygosity, Her: Expected heterozygosity, He:
Expected homozygosity, m: Nucleotide diversity, Fis: Inbreeding coefficient.

Yy



w00 5 (SUBS £ e Gloae 3505 OolSes 5 s han

Component 2 (1.54e+003)
L] 0.48 -

Component 1
. (2.48¢+003)

-0.43 Ld 0 0.43

# Popd
0.48

PCA Jgl addgo 90 (wlw! p axdlan 590 Blo Jod (g0 STy Hlog05 1Y JS&
Figure 2: PCA scatter plot of H. huso broodstock using the two first components.

Skl lale gl 50 (o) 2 3590 (Bloed (RWgo 0233 53 (Suidlly lulg) wlwl 2 UPGMA (Sjghsd e 0¥ Jsb
Figure 3: UPGMA phylogenetic tree based on co-ancestry relationships in broodstock of H. huso at ISRI

v¥



IR S8y 5 b RS LIS 5 gilucia 5 5SS
Sl ly e Jouilts Wilgs o (S35 £95 falS 0l
8l s b b 9gnaS aiile wpaz Lalyl b 6,55k
Dudu et al,, 2014; Wang et al., ) sas )| 3 .36 cos
Cewd ) Jlaiz ] by (S5 95 ralSeadly jo (2022
ol,8l sl 6,85k (ol 5 0,90 (S Jumdly opolo
WS g Jo G5 AlliE o], oo o T s 5 0
b 6,5 bl 5 50 ol Lo Cute o5 Lie b
 Caoglie cgolazdl L g walihe daowe Lyl
Wang ) wis cownl 3l Jlaas (5,9,L F 5 9 s, Lo

sohio b b sbiarez cw)y plSn (et al., 2022
sl (ST £985 p odle gz ge B8 (S cblis
Sy el ls)55 5 (2L Coesl | o gra U
olewl yo oYL coeal 51 ol sl Pl pgasa eaass
Jafarietal., ) aijls 65 5 (gom sl Jud jo 05 g5
5ol sla JT (20225 Najafikhah er al., 2025
Sl S Wlsye p arex 0 b SllS
2 GpSai b T ) Bis @ )5 5 (o)
oronl 3l bl dalgt sanlives g (S5 £95 oyl ae
S99y (o) 2 odle dalarer dsllae pln
do b g dslllas 0590 Comax U sl onnlies jge
Vo8 ool dalllas ;o dols b sl 30,5 1,5 L
sl 9 09750 (2o kb (nolge 0 S o paazs Y
50 cnl s 8L 6 bl lale (Mol wliios
iz i ) oslitl b 43,5 &g dnlllas o 45 Cau
¥y odly TV ol :Silos y5bo & co)lsmle ,SiLes
Moghim ef al., ) 54 00 <o 0,33 cpl 4o 5o Y1
50 o glwlis JT slaas jo sanlies g &iglas (2025
wlize sy, Jdo 4 wlgee wallhe 5o
P » e g SRy, Vb Cehl 5 Kby
LT RaS 5 et 5o Gy (lolid 1o sz s b
SV T 1,5 ams &) paloid o5yl 5o
5 g e cpl 5o gl )3 sezge oale LS (ndlse
ewsts lnl 0 (i noiee Slotumezr plo b avslis
€ G5 WlF s Wlgee ojlsalen; la,Silis
st o5 asl )bl plale sl o alo ks

Yo

e S SeB) g9i Baa 5 (S plS alulis
Clled Sy 0 e 0,5d a0 es lolud
ol 55 g3l slrasliy 50 5 5 sl o]
» Glois SN ksl Glebe (ygn Ceie o
oSlie om0 S5 g Sl psas
S5 895 5l (ol gl ad> 000 0929 ooleJd
5 S5 Ol (Rl )0 (VL Coenl ooz (490
ol Sl g pol Baiod )3 el o550 (Sey A,
e 0058 50 (S slaeg 5 (olulid (olnl yo b
ALl i il s Symge ol 45
b b Iy cng slaghs) 5l eslinul b s bgls plale
Slml bl e 288y ©)50 GBS (g, 4SS
Lol SNP S5La5 VAYS 51 oslianl b S5 asliolis
ol 4 Cigo by oalo b Wse YY 5 GBS L JIs 5|

el o
Olyee SNP SiLas VAYS 5l ool Cowsds gulis wlul 5
ewor Sige p¥lae ) osaliedjge (ewsSyje e
Mol Sliizs gl )3 S92 g0 Oliale s 0253
SsSie e oS Syl VP glsls lele
P lepazld o St 5l (o 9 Gelgl plgie 4 osalines 90
Sy Saadb Sl goleme 15 g (S slweg S b
Jafari et al., 2025) sgi o 45,5 ,la5 1o byl p53
@l (ralse 5l Comen Cutin ol plonil (o) 2 o
g5 Olyee oylgplegy, Slis chr cuta leslaal L
O Oliiod gl Cone 50 ovalies)ge (S
Moghim ef) 55,5 I3 + /7Y «s,bsls oleale LI
Gl plele it wlibcuw; S,o (al, 2025
2 @Yk Cwenl 5l s p 5 (52l oyl wile
M bl Ll 5o (yep sl (ralee S
Sl st g g9 Laas Bua b Sl wnlyd !
bis sl 4 goite Slagsilucizr &b 5l (5 Sl
(Dudu et al, 2014) 5,8 o Sye0 S5 £45
2 S5 655 Ol ar g esalied e (s e
sloylad asle ole iz 2506 od g)bgls lale

(_ngu.;j) ‘o)..:>o d.an‘ uMg ‘sil.d‘).x} U&A s)f g.)l?b_v‘



e 800 58 (SB35 £ 68 Oloae 950

OLKen 5 (s 82

dlowows ol 059 > Hahate 4 BEisle;] SUIS!
20,5 o Slo,ad g Sy

&bo
Andrews, K.R., Good, J.M., Miller, M.R.,
Luikart, G. and Hohenlohe, P.A., 2016.
Harnessing the power of RADseq for
ecological and evolutionary
genomics. Nature Reviews Genetics, 17(2):
81-92. DOI:10.1038/nrg.2015.28
Antognazza, C.M., Vanetti, 1., De Santis, V.,
Bellani, A., Di Francesco, M., Puzzi, C.M.,
Casoni, A.G. and Zaccara, S., 2021.
Genetic investigation of four beluga sturgeon
(Huso huso, L.) broodstocks for its
reintroduction in the Po River basin.
Environments, 8(4):1-13.
DOI:10.3390/environments8040025
Barria, A., Christensen, K.A., Yoshida, G.M.,
Correa, K., Jedlicki, A., Lhorente, J.P.,
Davidson, W.S. and Yaiez, J.M., 2018.
Genomic predictions and genome-wide
association study of resistance against
Piscirickettsia salmonis in coho salmon
(Oncorhynchus  kisutch) using ddRAD
sequencing. G3: Genes, Genomes, Genetics,
8(4):1183-1194. DOI:10.1534/g3.118.200053
Boscari, E., Marino, ILA., Caruso, C.,
Gessner, J., Lari, M., Mugue, N.,
Barmintseva, A., Suciu, R., Onara, D.,
Zane, L. and Congiu, L., 2021. Defining
criteria for the reintroduction of locally
extinct populations based on contemporary
and ancient genetic diversity: The case of the
Adriatic Beluga sturgeon (Huso
huso). Diversity and
Distributions, 27(5):816-827.
https://doi.org/10.1111/ddi.13230

acgerme (pl jo bt L8l o) 5 bicass
Cozoz dw g &S Gladdlas yo ailoads (5,104 5,38
b oobow sbyd 5 o3l ol by ol olo
SNP Silis AY 5 o, lsaless, Sl i YV 51 oolici
Sl Somez )0 (S5 55 Ol 45wl jo 2l 4y
Boscari ef) 0,0 ,5 (5155 +1VA 5+ 1PV o5 pay S
anllas o odel Cowsds gl duslie o, 00! 5l (al., 2021
(S5 895 ol Sl 00 097 argis @l plo b ol
AL GuanlS sb o g adg> 50 oale b 4igS SYL
oS 5 Mol (S o sy ol ol
(e Luly, lol gl o ole hd (ndse
ol i s Jg g balise pmer Jlsls 5 St
abg 90 Plax ;5 cwyp )90 (2l (nilge &5
G )sbar ated 2L 5 G BB (Lol (S
B e Aipgd ades 0 g Wae VF Jgl adgs o
ol oaiSanl oo 4y Ll JLole ovalie 0,5
03gs 43S (1l lopsd ey (L8 adlas o ouls il
Blo 8 £ )l50 sy o0 Hlaias g Moghim ez al., 2025)
E55 52 5 Wb L (omnz (9, £955 51 )9S 0
e (g Sy, b L1065 (Sl ez
whole genome ¢ GBS aile 95 U Jlg »
by yo 1y Sty ol s b wiol8 sequencing
w85 JSb Glatamez p5 (g 3 B (w090
Wil Gbled 6yt 99 9 CE L) Come 8 (49)0
GBS ;| sasl cawsas SNPs ,ol> asdlllas jo o900l 5
&5 Al 50 ) seree (S lacishle sy
@lolid (Mol Sliizd gl ;5 09290 oala e
S5 £33 o5 i 5 e £ydpe (ol S
3 sl ohale sl s sye ala s o
o9y deliwlid Gulul p anedan 355 i yaln
P N Gk 5 wil 6001l ondans

i ol S5 sl ol b (6 sl hesls

(S0 309 g S
Sibe ool 5 b coler sly ol S3s el

\t4



Catchen, J., Hohenlohe, P.A., Bassham, S.,
Amores, A. and Cresko, W.A., 2013.
Stacks: an analysis tool set for population
genomics. Molecular Ecology, 22(11):3124-
3140. DOI:10.1111/mec.12354

Ciftci, Y., Eroglu, O. and Firidin, S., 2013.
Mitochondrial cytochrome b sequence
variation in three Sturgeon species (4.
stellatus Pallas, 1771, A. gueldenstaedtii
Brandt, 1833, H. huso Linnaeus, 1758) from
the Black Sea coasts of Turkey. Turkish
Journal  of Fisheries and Aquatic
Sciences, 13(2). DOI:10.4194/1303-2712-
vi3 2 11

Dudu, A., Georgescu, S.E. and Costache, M.,
2014. Molecular analysis of phylogeographic
subspecies in three Ponto-Caspian sturgeon
species. Genetics and Molecular Biology,
37:587-597. DOI:10.1590/s1415-
47572014000400016

Farasati, S., Khoshkholgh, M. and
Yarmohammadi, M., 2020. Genetic
diversity of cultured beluga sturgeon (Huso
huso) brood stocks by using Microsatellite
method.  Aquatic ~ Physiology  and
Biotechnology, 8(8):55-72. (in Persian)

Freyhof, J., Bergner, L. and Ford, M., 2020.
Threatened Freshwater Fishes of the
Mediterranean Basin Biodiversity Hotspot:
Distribution, extinction risk and the impact of
hydropower. EuroNatur and RiverWatch, i-
viii:1-348. DOI:10.7479/c6d4-2{73

Friedrich, T., Reinartz, R. and Gessner, J.,
2019. Sturgeon re-introduction in the Upper
and Middle Danube River Basin. Journal of

Yy

Applied Ichthyology, 35(5):1059-1068.
https://doi.org/10.1111/jai.13966

IUCN, 2025. The IUCN red list of threatened

species. Version 2025-1. Available at:
https://www.iucnredlist.org. (accessed on
02.07.2025)

Jafari, O., Zeinalabedini, M., Robledo, D.,

Fernandes, J.M., Hedayati, A.A. and
Arefnezhad, B., 2022. Genotyping-by-
sequencing reveals the impact of restocking
on wild common carp populations of the
Southern Caspian Basin. Frontiers in
Ecology and Evolution, 10:872176.
DOI:10.3389/fevo.2022.872176

Jafari, O., Nasrolahpourmoghadam, M. and

Zeinalabedini, M., 2025. 16S rRNA
revealed a low rate of maternal genetic
variations in Cyprinus carpio Linnaeus, 1758
across the southern Caspian
Sea. International Journal of Aquatic
Biology, 13(1): 1-7.
DOI:10.22034/ijab.v13i1.2184

Kazemi, R., Yarmohammadi, M., Yousefi

Jordehi, A. and Hassanzadeh saber, M.,
2021. Genetic characterization of great
sturgeon brood stocks- recommendations for
the  conservation management and
aquaculture. Journal of  Applied
Ichthyological Research, 9(1):61-70. (in

Persian)

Kottelat, M. and Freyhof, J., 2007. Handbook

of European freshwater fishes (Vol. 13).
Publications Kottelat, Cornol, Switzerland.
646 P.

Langmead, B. and Salzberg, S.L., 2012. Fast

gapped-read alignment with Bowtie 2.



e 800 58 (SB35 £ 68 Oloae 950

OLKen 5 (s 82

Nature Methods, 9(4):357-359.
https://doi.org/10.1038/nmeth.1923

Liu, S., Ferchaud, A.L., Grenkjer, P.,

Nygaard, R. and Hansen, M.M., 2018.
Genomic parallelism and lack thereof in
contrasting  systems of three-spined
sticklebacks. Molecular Ecology,
27(23):4725-4743. DOI:10.1111/mec.14782

Malinsky, M., Trucchi, E., Lawson, D.J. and

Falush, D., 2018. RADpainter and
fineRADstructure: population inference from
RADseq data. Molecular Biology and
Evolution, 35(5):1284-1290.
DOI:10.1093/molbev/msy023

Moghim, M., Javanmard, A., Lolaei, F.,

Taghavi, M.J. and Bakhshalizadeh, S.,
2025. Nuclear multi-microsatellite marker
profiling provides clues to molecular genetic
diversity in culture-based Caspian Beluga
Sturgeon  (Huso  huso)  broodstocks:
Ecological mirror for restoration. Veterinary
Medicine and Science, 11(3):€70255.
DOI:10.1002/vms3.70255

Najafikhah, A., Jafari, 0.,

Nasrolahpourmoghadam, M. and
Zeinalabedini, M., 2025. Molecular genetic
assessments of the ongoing restocking

activities on Salmo caspius Kessler, 1877.

Journal of Fish Biology, 2025: 1-10.
DOI:10.1111/jfb.70041

Robledo, D., Palaiokostas, C., Bargelloni, L.,

Martinez, P. and Houston, R., 2018.
Applications of genotyping by sequencing in
aquaculture breeding and genetics. Reviews
in Aquaculture, 10(3):670-682.

DOI:10.1111/raq.12193

Sonah, H., Bastien, M., Iquira, E., Tardivel,

A.,Légaré, G., Boyle, B., Normandeau, E.,
Laroche, J., Larose, S., Jean, M. and
Belzile, F., 2013. An improved genotyping
by sequencing (GBS) approach offering
increased versatility and efficiency of SNP
discovery and genotyping. PloS one,
8(1):e54603.
DOI:10.1371/journal.pone.0054603

Team, R.C., 2013. R: A language and

environment for statistical computing. R
foundation for statistical computing, Vienna,

Austria. http://www. R-project. org/. 3946 P.

Wang, J., Sun, Z., Jiang, L. and Hu, Y., 2022.

Developing microsatellite duplex PCR
reactions for sterlet (Acipenser ruthenus) and
their application in parentage identification.
Scientific Reports, 12(1):12036.
DOI:10.1038/s41598-022-16194-3

YA



