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Abstract

Objective

Suaeda aegyptiaca (Hasselg.) Zohary is a halophyte plant with many nutritional and medicinal
uses. There is no information on study and estimation of the genetic diversity of S. aegyptiaca
plants in Khuzestan province. So, this study was designed and implemented with the aim of
investigating the genetic diversity and genetic relationships among S. aegyptiaca genotypes in

Khuzestan province.

Materials and methods

In order to study of genetic diversity and genetic relationships among S. aegyptiaca genotypes,
26 genotypes from two regions of Khuzestan were selected as group one and two based on their
DNA quantity and quality from the 71 collected samples. 12 SCoT primers were used to
investigate the diversity and genetic relationships among and within populations. Genomic DNA
was extracted from leaf tissue of genotypes and DNA amplification was done using 12 SCoT

primers, the obtained bands were scored as zero (band absence) and 1 (band presence). Total
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number of bands, number of polymorphic bands, and percentage of polymorphic bands, band
information index, resolution power, polymorphic information content, marker index and

Shannon index were calculated.

Results

A total of 103 fragments were amplified, which showed a high percentage of polymorphism.
SCoT14 had the highest polymorphic information (0.43) and marker index (4.36). The highest
resolution power (Rp) belongs to SCoT13 (13.38). Cluster analysis using UPGMA method
classified the genotypes into five groups. Karoun (KAR2) and Gheyzaniyeh (GH1) genotypes,
with the highest genetic distance, were suitable for usage in breeding programs. Analysis of
molecular variance (AMOVA) showed that genetic diversity within groups was higher than
between groups.

Conclusions

Some of the studied markers showed a high ability to distinguish genotypes, also the results
indicated a high genetic diversity among the genotypes in terms of the studied SCoT markers.
These results can be used in the breeding programs of S. aegyptiaca and related species.
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Table 1. Geographical location of 26 studied genotypes

wamsml,

bl o bl Jsb g el Srsleen Joxe 29,5 pb
Latitude Longitude Name of each ~ Collected place  The name of the
genotype group
31°20°30"N 48°40°14"E AH1 Ahvaz
31°20°40"N 48°37°41"E AH2 Ahvaz
31°15°12"N 48°39°45"E AH3 Ahvaz
30°56°25"N 48°59°49"E AH4 Ahvaz
31°13°35"N 48°38°53"E AH5 Ahvaz
31°13°26"N 48°38°54"E AH6 Ahvaz
31°11°48"N 48°38°9"E AH7 Ahvaz
31°11°6"N 48°37°48"E AHS8 Ahvaz
31°13°20"N 48°36°51"E AH9 Ahvaz
31°13°46"N 48°38°52"E KAR?2 Karoun
31°22°46"N 48°40°34"E GH1 Gheyzaniyeh !
31°28°37"N 48°26°50"E HAM1 Hamidieh
31°30°60"N 48°14°’16"E SO0S1 Sosangerd
31°32°53"N 48°11°52"E S0S2 Sosangerd
31°32°42"N 48°12°3"E S0S3 Sosangerd
30°38°60"N 48°41°51"E AB1 Abadan
30°23°53"N 48°12°31"E KH1 Khorramshahr
30°24°6"N 48°12°18"E KH2 Khorramshahr
30°24°39"N 48°11°48"E KH3 Khorramshahr
30°52°22"N 48°30°10"E DAR?2 Darkhoveyn
31°53°2"N 48°20°3"E SHO1 Shosh
31°47°10"N 48°27°50"E SHO2 Shosh )
31°39°17"N 48°35°33"E SHO3 Shosh
31°39°8"N 48°35°42"E SHO4 Shosh
31°39°54"N 48°35°2"E ELH2 Elhaee
31°55°31"N 48°18°40"E KAK?2 Karkheh
Y0
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Table 2. Characteristics of the studied SCoT primers

ol Sl CJwlels  GC (%) O > ¥) S5l JIy

No. Primer Annealing Primer sequence (5' —»3")

temperature °C

1 SCoT 1 48.0 50.0 AAGCAATGGCTACCACCA
2 SCoT 3 50.3 55.6 ACCATGGCTACCACCGCA
3 SCoT 5 48.0 50.0 CAACAATGGCTACCACCA
4 SCoT 11 48.0 50.0 ACGACATGGCGACCACGC
5 SCoT 13 52.6 61.1 ACGACATGGCGACCACGC
6 SCoT 14 54.9 66.7 ACCATGGCTACCACCGGC
7 SCoT 19 54.9 66.7 ACCATGGCTACCACCGCG
8 SCoT 20 54.9 66.7 ACGACATGGCGACCCACA
9 SCoT 21 52.6 61.1 ACCATGGCTACCACCGTC
10 SCoT 26 52.6 61.1 CAACAATGGCTACCACCG
11 SCoT 34 52.6 61.1 CATGGCTACCACCGGCCC
12 SCoT 35 57.1 72.2 CAACAATGGCTACCACGA

1% 5 (p S5 0 ol cdale L) DNA I g Se & s plosl g S V0 aled oo 53 Slyasy (sl 05 (ST
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1 - Percentage of polymorphic loci
2 - Number of observed alleles
3 _Number of effective alleles
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Figure 1. The bands pattern of PCR products with primer SCoT 35 of 26 Suaeda aegyptiaca

genotypes. The M column is related to molecular weight marker and the other columns are

related to genotypes as Table 1
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Table 3. The total number of bands (N), the number of polymorphic bands (np), the
percentage of polymorphism Band (PPB), the band containing information (lp), the
resolution power (Rp), the polymorphic information content (PIC), the marker index (MI)

and the size of the bands for the studied SCoT primers

Skl N np  %PPB Iy Rp PIC Ml SZ(bp)
primer
SCoTl 14 119 8.0 050 7.71 034 336 3000-500
SCoT1l 12 120 1000 056 950 027 321 3000-300
SCoT13 13 13.0 100.0 0.68 1338 0.30 3.97 1700-300
SCoT14 10 10.0 1000 045 520 043 436 1500-200
SCoT19 9 8.0 889 069 10.66 0.26 1.89 3000-600
SCoT20 4 40 1000 034 450 021 0.84 2000-600
SCoT21 9 7.0 778 078 1133 021 114 3000-500
SCoT26 10 10.0 100.0 0.19 12.00 0.28 2.87 2400-400
SCoT34 10 6.0 60.0 066 980 015 0.54 2200-400
SCoT35 12 9.0 75.0 0.72 1100 028 195 2700-400

ol Jds b e 4 g i odd (8D ddlllas dwys | ol ddllas (5 eils edls lade oS cas Jb > oyl

IYAL ply Gst lse pols adlas )3 3905 gt by IS Sl g addllas )90 olS 95 )3 Wb |y lacaalud 5 lacglis
2L g0 Lol w895 b dulio ;5 Cunen 315 ) g4 55k GSE jlado () il o </AYY L ol (NM) 55 5bys oliee 9
O > 55 bz dedee 03> s dm 5 53 el cpl U el e 93 G £95 plp G D93> B> 2935 (S
shalS cures o (oldlre alol J2lB8l L aae BB b 4 (adls pl g YU 4 buwgie pwobs ddlas > acures
Ol (S B9 it e s o] (JelSS ani sl i en s il wlSal 655 S5 slacures (S5 sl b e
092° 5 SSSsz pasls ) p s (Schaal et al. 1998) cul (esuas (i3S 5 (55 ol (BN e (S5
pic oLl pl & (D Jodn) 35 o D AVIVA L bt jos < 05,5 4y bgsye (ASiain 0o jd o YL &S 0l LS 09,5y

ol aallan 3590 Camer 503 4 S Camer (] (BIPSS
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Table 4. The percentage of polymorphic gene locations in the marker (PPL), the average
number of observed alleles (Na), the average effective alleles (Ne), the Nei gene diversity
index (h) and Shannon's information index (I) in the two groups of North and South
Khuzestan based on the SCoT markers

Canos diges sl %PPL Na Ne Na/ Ne I h

Population Number of

samples
1 20 87.38 1.864 1.409 0.75 0.401 0.15
2 6 42.38 1.155 1.284 111 0.239 0.37
oxSole - 65.05 1.510 1.346 0.93 0.320 0.24

Average

95 45 3l )L SCOT JsSUge ,S5Lis V0 jl oolissl b sl cilisco 3lolin j1 S ity s VA 55 (S} £955 (oup
oweren (NOOFiaN 2020) sols o)lis ogs (JSiais SCOT [Silis ¢ 5,1 3935 S s sl oy ) (sldlasdo L6
sl o plosl SCOT JsSUge ;35U 5511 V8 51 onlil b L3bitd Cumes dw 5l caigis Y8 (o) 45 by gy b
9 S5 g5 aalllas 3 2l (gyll g o)l 1)y oot slacunes SSi bl SCOT JsSlge ;i 45 58 yasuie
calisee bl G9S1 diges ¥V (S g95 adllas ¢l .(Shaghaghi et al. 2019 ) il o ol () slacures [ Lo
i colss SCOT (o S5l 5l Jols clabas 53 ous oanlie JSbxin YU lude 3 ekl SCOT KL YO jl ]
Iss0 wibyly 4355 gls (Zamani et al. 2016) cul S5 oS Sisj 95 (owyp pd LS0UE oyl coslie Ul
090 2 9 40 A bogyS ()3 55 wop> bl cul 1 (B Jga) 392 Wog)S o I pr 955 Wog)S 90 3 3l Gl
S5 £95 (lje 32 0368 9 (bl CasBge ((SH)L Ol ugh) Gl dos ke lelge 13,5 osaline 103 AN Laog S
15 bl SCOT Sl b sll S s by cuigif (59, 5 sl adllas 45 (NeVO et al. 1998) cuwl 38,56 o mjos o
2l e (NOOFAN 2020) ool o0 (5155 20y VA (665 o €45 Lo )d § o3 AY (g 4565 19, 955 Loy
M s 4 diges 31 50 05 £45 5l colls SCOT Sl 1 ool b S651 slacuisl g9y JsTg0 Luilyly 4550
(Zamani et al. 2016) 55 JS £45 sy
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Table 5. Analysis of molecular variance (AMOVA) in S. aegyptiaca populations

Source of ) Variance
o df Sum of Square Mean of Square  Variance )
Variation explanation (%)
Between 1 28.419 28.419 1.493 9
Within 24 351.35 14.640 14.640 91
Total 25 379.769 16.132 100

900 VF acures 9y €95 olie SCOT [Silis SaS & (Quercus brantii) iyl bgl slacures (wyp b
S5 5 ealitl b w3 o odaline (S g4 .(Shabaniyan et al. 2015) coul oais 5155 3oy VY lacures o
55 byl slye (Farshadfar et al. 2018) 35y 1o )3 ¥Rl disS o )3 5 Joyd B ply assS 5,5 ,> SCOT
DS IYY ggamo 5 45 0 03litl SCOT SHETVY 155 s )8 4y (3lete S yo il (cladisS JLolSG a5
O 9 092> osbily ( Joge by g bl g2 IYVE lyy (55 £95 6S0ke 5 3)5 eSS ATA ISty ao > L
33,5 oo dlasMe &5 45555k .(Mahjabi et al. 2015) 565,81y JS Js0g0 uil)ly 5l 0o y3 V8 gAY (S5 & 2g,5
@l al g else sl 039r gelyr (ol it @alyr J515 £95 Lo adlllas aslen 0ud ()15 llllae (bS53 Ly
{esbp S aib) Sl cdld (255 @l (B)l55 oaad Gk Sl ek 2l Al o 5 (S9)L 51 (56 @D )5
Sl Bk 51095 Waog)S (19,0 Y g5 odalie s 53 9 (Suibf Clpassd dbml & oo Wl oo b sl 9 (125,53
> LalS ) g9 ASlg e oS At (6500 wiee Jelge 5 93 09,5 53 diged o5 3l g Adlllae 3590 (slnog S slas (39,

2 NTSYS Ver.2.2 sl s il oolizal b sles o550 :SCOT (b ;5L bl o Bl 935 (Gkiavg 5
RINCON .15 puws s UPGMA 9, 93,51 o sl I = /AYD L (8 Jodo) SitidyS  Stamsad oy (o 50 poleo]
S P35 52 5 ol KBS b a8 1l o5 J5SUge (sle 0l kil b ) s o et al. (1996)
wrsad 4 odly 3 (gole et bl s 4 conl (S (s SiifsS (Sten Gy 4l il Sl o ol p]55,000
)8 odliel 3)90 (Slades 4 5o (sl (Niwwon jlade oy b 2)B 1l liS o pd onlply 0l 0dieS JoSUge (slaodls
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Figure 2. Bi-plot of the pseudo Hotelling T2 statistic and number of clusters
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Table 6. Cophentic correlation coefficient calculated between similarity coefficients and
UPGMA method

Similarity coefficients alis colps  Simple match oslw sles  Jacquard >l Dice b

UPGMA 0.808 0.834 0.821

sladed im0 ged o (F JSS) ol Gl 4 4o M 4 4355 L (PCOA) ol Slaibuw 4 4y 300
3 ol laog,S 48 (gpsb 428 ol ogllae 2o by Glas 558 (iamg S ol late 4 w5 @l (Y JSS)
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Figure 3. Cluster analysis of Suaeda aegyptiaca genotypes based on the data from the SCoT
marker using the Jaccard coefficient and the UPGMA method. The hame of genotypes can
be found as Table 1
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Table 7. The components obtained from the principal coordinates analysis in the studied

Suaeda aegyptiaca genotypes

kol adl5e 1 2 3 4 5 6
The main component
Egein Value o34 e 14,615 1.293 1.084 0779 0.771 0.593
Variance .l )l 56.21 4.97 4.17 3.03 2.96 2.28

Cumulative Variance _wss juobjs 5721 6118 6535 6839 7136  73.64

e Olllas I (gl ;3 SCOT (sla)Silis slaody (5,50 b Lol slaadlge 4 4506 5 o) adgs 4550
Agarwal et al. 2018; Ebrahimiyan et al. ) col sas oslitel Kigpn sloog,S slolis 5 bews) (sauog)S

(2017, Jelvehgar et al. 2021; Khang et al.2022
s (SlaiS (S5 £95 (o St S5eel e s5b 4 SCOT Jslge 1St il adllss 3065 Ao
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Figure 4. PCoA diagram of S. aegyptiaca genotypes resulting from decomposition into main

components (The name of genotypes can be found as Table 1)
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