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Table 1. Plant materials used in the present study
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Gen;l;jpzst:ode Scieﬁt‘,{:“i"c%tame w0 C%?”Teon
G1-G75 Citrus spp il Unknown

G76 C. medica (L.) Osbeck R Citron
G77 C. limon (L.) Burm. f. LRI Eureka lemon
G78 C. grandis (L.) Osbeck slogy Pummelo
G79 Citrus spp oeial Unknown
G80 C. reshni Tanaka | 5L s Cleopatra
G81 C. reticulata Blanco 53 Dancy mandarin
G82 C. sinensis (L.) Osbeck Y osbe Siavaraz 1 Bud mutation
G83 C. myrtifolia (L.) Rafinesque Slad g LU Chinotto
G84 C. sinensis (L.) Osbeck uﬁb Sanguine
G85 C. reticulate Blanco Aoes | Shelmahaleh Natural hybrid
G86 C. aurantium L. &b Sour orange
G87 C. limettioides Tanaka s g Sweet lime
G88 C. reticulata Blanco Oleds Clementine
G89 C. sinensis (L.) Osbeck NSl Sanguinella
G90 C. paradise Macfadyen Sy b S Duncan grapefruit
Go1 C. paradise Macfadyen S S Marsh grapefruit
G92 C. sinensis (L.) Osbeck ;nfibuujf Gross sanguine
G93 C. sinensis (L.) Osheck Jsb O gl Thomson navel orange
G94 C. sinensis (L.) Osbheck Y ooske Siavaraz 2 Bud mutation
G95 C. sinensis (L.) Osbeck USVJM Moallemkoh Bud mutation
G96 C. unshiu Marcovitch gl Satsuma mandarin
G97 Minneola tangelo x C. clementina == Page mandarin
G938 C. reticulata x C. sinensis £~ Khorram
G99 C. sinensis (L.) Osbeck. Ll Valencia orange
G100 C. reticulata x C. sinensis LSl Jahangir
G101 C. reticulata x C. sinensis s 9 Noshin
G102 C. unshiu Marcovitch S| Okitsu
G103 Poncirus trifoliate (L.) Rafinesque S aw @)U Trifoliate orange
G104 C. reticulata x C. sinensis ol Shahin
G105 C. clementina Tanaka J g 5o Marisol clementine
G106 C. paradisi x P. trifoliata oy s Citrumelo
G107 (C. paradisi x C. reticulata) x C. changsha B1wY Yashar
G108 C. latifolia (Yu. Tanaka) Tanaka (»-:,Y‘;&vﬂ, Persian lime
G109 C. aurantifolia (Christm.) Swingle YOS S Mexican lime
G110 C. aurantium L. bl G'JU Off type sour orange
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Table 2. List of the ISSR primers and summary of diversity statistics used in the present study

. e s { goes *Soke s s 2L 2L
. Js 3 S s Slgme (&L, e 3 ‘ e e
I N e Sl S gl ol s
F . Total Number of . Po hic Marker ~ Numberof Shannon  Gene
Primer Polymorphism g
Primer code Sequence bands  polymorphic bands Pa P Information Content  Index  effectivealleles Index  diversity
(N) (Na) 9 (PIC) (MI) (Ne) 0] (Nei)
HVH
ISSR1 (GA)TT 21 12 57 0.47 5.64 1.81 0.62 0.43
ISSR2 BDB (CA)7C 14 8 57 0.48 3.87 1.91 0.67 0.47
ISSR3 DBDA (CA)7 16 11 68 0.48 521 1.72 0.58 0.40
ISSR4  (GA)BYG 21 15 71 0.48 7.21 1.73 0.58 0.40
ISSR5  (AG)8YT 18 14 77 0.49 6.75 1.74 0.58 0.40
ISSR6  (AG)8YC 13 10 76 0.49 4.80 1.66 0.56 0.38
ISSR7  (AC)8YG 20 13 65 0.49 6.31 1.76 0.60 0.41
ISSR8  (AC)8YA 19 12 63 0.48 5.75 1.83 0.62 0.44
ISSR9 (AC)8YT 17 14 82 0.48 6.68 1.82 0.62 0.44
ISSR10 (CA)8RG 19 13 68 0.49 6.27 1.86 0.65 0.46
ISSR11  (AG)8 G 23 18 78 0.48 8.64 1.86 0.65 0.46
ISSR12 BDB(TCC)5 22 14 63 0.48 6.67 1.71 0.57 0.39
S 223 154 825 5.79 73.8 2141 7.3 5.08
Total
Q,..<JLA
T 18.58 12.83 68.75 0.48 6.15 1.78 0.61 0.42
Mean
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Figure 1. The Neighbor-joining tree of 110 accessions of citrus genotypes using 12 ISSR markers
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Table 3. Percentage of membership of genotypes into four groups resulted from model-based structure analysis

jloﬁo_gjs O.U\Juua); Q_gj’;:,.»a); UWLLL..AL(:};)
Pummelo group Mandarin group Citron group Genome with unknown origin
o)La.J: Loy a)l.a..i Loy o)LA..::r Aoy a)La..fa Loy
i) e G0 S ant S o ps s 85 e
Genotype Percentage Genotype Percentage Genotype Percentage of . Percentage of
code  of membership code of membership code membership CeNOYPe code  "on bership
G90 0.994 G88 0.986 G76 0.987 G38 0.989
G78 0.990 G100 0.985 G47 0.984 G29 0.978
G65 0.982 G81 0.916 G61 0.948 G18 0.940
G69 0.968 G24 0.907 G108 0.916 G45 0.925
G72 0.968 G19 0.886 G77 0.902 G28 0.904
GI1 0.964 G25 0.876 G63 0.900 G40 0.903
G21 0.959 G22 0.860 G109 0.884 G41 0.872
G10 0.957 G85 0.850 G55 0.875 G30 0.868
G20 0.956 G105 0.844 G67 0.860 G42 0.813
G26 0.956 G97 0.837 G87 0.859 G2 0.799
G75 0.953 G102 0.832 G74 0.841 G3 0.758
G70 0.945 G98 0.805 G57 0.813 G9 0.747
G82 0.941 G104 0.803 G59 0.744 G43 0.728
G64 0.939 G101 0.800 G44 0.725
G23 0.935 G14 0.777 G37 0.722
G27 0.930 G79 0.731
G99 0.926 G53 0.729
G33 0.920 Gl 0.711
G54 0.920 G96 0.701
G7 0.919
G92 0.918
G46 0.913
G17 0.909
G71 0.907
G36 0.905
G66 0.901
G60 0.898
G95 0.897
G94 0.885
G62 0.884
G32 0.881
G8 0.880
G31 0.878
G39 0.878
G73 0.873
G13 0.865
G12 0.864
G34 0.849
G84 0.831
G89 0.819
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Figure 2. Bilateral charts of changes in AK values based on K amounts for determination of the number of sub-
populations in studied 110 Citrus genomes.
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wbw\)éw)jé)fg:ﬂg};}\\'uf))\AQT)\LSML» K.LLAAJ;JLL\.&')‘ L;,a;;&.nb d«ij.:sjs 6‘)\5 d}‘ ajjf

wuy 53 il Cd b 55 S 5 pl S g s Yl S s SlSe Wglis gl i

Y.


http://dx.doi.org/10.52547/pgr.7.2.2
https://dorl.net/dor/20.1001.1.23831367.1399.7.2.4.3
https://pgr.lu.ac.ir/article-1-206-fa.html

[ Downloaded from pgr.lu.ac.ir on 2024-12-24 ]

[ DOR: 20.1001.1.23831367.1399.7.2.4.3 ]

[ DOI: 10.52547/pgr.7.2.2]

WA/ Y olad /Y dl /Al Sy la e

sdalie 1 «(Novelli et al., 2000) ol s 5,058
e S e pBl K0 53 cpolile p i 03 S s
gl g !

i sl S Ks bl (S5 bl s
L Soskd Sladllae 53 5035 5801 ploms ol sen LS o
ol 0 (o S glosy o8 3 by eolile oy 8 5o
b pB)l .(Li et al., 2010; Ollitrault et al., 2010)
ol 03 S 53 lad st 4 s oS (G110 4 G86)
WJle b » (gdues S 3 (V IS5) Loy 4 S 15
Ol &bz p 535 Dlexr 51 (S5 e b b slins o S
Sl e e Ske oS LT 10 IS sl
Sesy 3l e b ol Gl 51 (G Ol e lails
10 (/YY) 5+ /8Y S 5a) A aewles [Sos W Ol sisws
35 4 @l polal 5 WS sl
Ol o (Novelli et al., 2000) wlas b 1 Lo laite
2l @B b Gk s 8 s 2l 6550
S gla ST slaas 5 SHT g5 wnn sy
Slaes S ol a5l Sslite g Sl S i
alas 550 glaaises 3 (i gbaS) Lol
Slagtasy ST sy b Jle Olsea o8 518
23 shesy 5 paolile > €55 53 055 s (g3 dae
Barkley et al., ) WLlesyes dul |, J&,, 5l 4o,
S 2 ot o sat 5> s (2006; Wu et al., 2018
S o3 el sl IS e s WOT )
il o eslu 238 L 3 Jpame JUi y oladllas
o= Ko Sllas 53 5 Xuetal, 2013) 4oy
olle s shesy b a b legy Jlste b0 e S5 20!
Curk et al., 2015; Velasco and ) coul ol 5 as
.(Licciardello, 2014

S 5ls QL w s 55 5l ool o5 55 glaes S alie
03 e 5 (Creticulate) -y lusle «(C. maxima) sle s
sa ) OlS b i &8 aw Ol gea (C. medica)
S pult b alie 5 a3 15 o glaes S )3 (sl

» «(Omura and Shimada, 2016) e 5,158 -l 51 i

Y

Frome @b der Sl Lilore glad S el B 5
J3b O gesls (GL0B) shas s (GLOB) w5 1o 51 (G8B)
(G98) ¢ S5 5 (G9B) 555l (G102) smiS| (GII)
s S S0 g5 A M UKD 2 g
2GS s 5l golla il glacans 4 las S
wlil glacg sl e Olgea gl 555 )l as,
plde nals LGS0 5 G37 (GB2 (G44 G43 (G35 (G16
oS bl ) Sl g (s Ll e 95 51 (6 2l
5 ok sdalie sl 3 Ldletl (Y S8) il s baes § L
SosSde lacsi 5 0 S 1) (58l badised el

S o DA 2 e bl 5
5345 (G106) sha s s 5 (GL03) o5 0 53 of 555 52
2 ks Al JEee a5 S 0 glads e
Conle Suls 4 axy b odle gl o gdbes S
ol Il 3 ol tisls LS bslse oy 5SI (lslons
Lol 5l w53 ol 055 e ke &S
st Lia b a5 e 5 YO 5 /AT (e
& s K a A 3yl Y 5 YN S ey
Sl Jy sl Gl (Citrus spp) s e el
G e 52 il o @V o Shes 5 bl
Sduss S (65Xl aS (Novelli et al., 2000) cowil ol
2 b el b e b 1 rasn ool 5l Jols
il glacs sl o5 S 00d S gl 4
5G90) &5 hes S L G52 5 G25 (G53 G24 (G22
S s (S35 ey 257 525 (GT8) ey 5 (GIL
Sl sl Gowa P Oz 5 bodss ol e
a5 53 S o 1ol ) b Sl BN b s bl
3ol SO e D3 uolle g (dde el
L edalie calses glacs 4 andles 3540 glad gl
&, 456 &S 9545 A i8S ol 5l i (7 IS2)
O Ol iy 3 el i 658 &S b
S S IS s it Wl Ol 555 il
s 3 (Lietal., 2010) .l e DS e sla on

e SRy s ol g oS Ll 51


http://dx.doi.org/10.52547/pgr.7.2.2
https://dorl.net/dor/20.1001.1.23831367.1399.7.2.4.3
https://pgr.lu.ac.ir/article-1-206-fa.html

[ Downloaded from pgr.lu.ac.ir on 2024-12-24 ]

[ DOR: 20.1001.1.23831367.1399.7.2.4.3 ]

[ DOI: 10.52547/pgr.7.2.2]

Q‘)Kaﬁjdjs‘}e‘

w28 5388 by bl 4 aalles pl 53 edd
Pang etal., 2007, Wuetal., ) 55 o5 sl 0 ol
2l b esliad iy mls Jsam e o (2018
EST-SSR 5 SNK i iy S5 i b b KL
il s KL 5l Jol= Sledbl S 5 puzmen
230 0 Sy

Sl Bl

3 OlS e Slided suSiiss Colex Sl Ay (s
o3sn ol ! ains 45 5588 (6 e Stess oo see

By o H15A8 (L5 ges r.::al_).e

e Al s 55 Sl w5 (K55 S ez

33 s oslie Slakad 23118 Szil w0 b ol 51 K
JE o, b (46 g S) baS e Syl asu,
U’i‘ b)JL;a oslanul 6.,\,;5_5; 6‘J.: dp[}- LSL“(P:.’.))Q‘
Lﬁ‘\;}«od)‘&ubj;d.lﬂjd&w‘\ifu”).ﬁ45&:».«»1‘;;[?')}
OO 1 (S S 8 bl 3138 e SIS (S B b
3 e | a5 Lite SleSIbl (gles = a3
)L::.A‘&.i&j‘) g)‘.’.‘)‘ a)LLwe‘ c_/,..pL?- &A}}:)J ‘..U EMJL;G

4 e Sl a.J;;SJ,SJJ Jbo 5 ie 4 gl p

G555 Lalsy dma IS sba AT e ety dladst

References

Abouzari, A., Solouki, M., Golein, B., Fakheri, B.A., Sabouri, A. and Dadras, A.R. (2020). Unraveling the
cryptic genetic variation and population structure of the citrus genotypes with unknown origin. Genetika, 52:
291-309.

Ahmed, S., Rattanpal, H., Kumari, P. and Singh, J. (2017) Study of genetic variability in Citrus fruit crop by
molecular markers a review. Indian Journal of Pure & Applied Biosciences, 5: 111-128.

Aziznia, R., Badakhshan, H., Javadi, T. and Zamani, S. (2020). Assessment of diversity in barley genotypes
(Hordeum vulgare L.) based on beta-glucan content and issr markers. Plant Genetic Researches, 6(2): 97-110
(In Persian).

Awad, M A, EI-Alakmy, H.A., Abdalla, M.M. and EIDeep, M.D. (2019). Distinguishing of zygotic and
nucellar seedlings in citrus rootstocks using issr technique. Sinai Journal of Applied Sciences, 8: 1-8.

Barkley, N.A., Roose, M.L., Krueger, R.R. and Federici, C.T. (2006). Assessing genetic diversity and
population structure in a citrus germplasm collection utilizing simple sequence repeat markers (SSRs).
Theoretical and Applied Genetics, 112: 1519-1531.

Bayer, R.J., Mabberley, D.J., Morton, C., Miller, C.H., Sharma, 1.K., Pfeil, B.E., Rich, S., Hitchcock, R.
and Sykes, S. (2009). A molecular phylogeny of the orange subfamily (Rutaceae: Aurantioideae) using nine
cpDNA sequences. American Journal of Botany, 96: 668-685.

Bornet, B. and Branchard, M. (2001). Nonanchored inter simple sequence repeat (ISSR) markers: reproducible
and specific tools for genome fingerprinting. Plant Molecular Biology Reporter, 19: 209-215.

Curk, F., Ancillo, G., Ollitrault, F., Perrier, X., Jacquemoud-Collet, J.P., Garcia-Lor, A., Navarro, L. and
Ollitrault, P. (2015). Nuclear species-diagnostic SNP markers mined from 454 amplicon sequencing reveal
admixture genomic structure of modern citrus varieties. PLOS ONE, 10: e0125628.

Edwards, K., Johnstone, C. and Thompson, C. (1991). A simple and rapid method for the preparation of plant
genomic DNA for PCR analysis. Nucleic Acids Research, 19: 1349.

Evanno, G., Regnaut, S. and Goudet, J. (2005). Detecting the number of clusters of individuals using the
software STRUCTURE: a simulation study. Molecular Ecology, 14: 2611-2620.

Falush, D., Stephens, M. and Pritchard, J.K. (2003). Inference of population structure using multilocus
genotype data: linked loci and correlated allele frequencies. Genetics, 164: 1567-1587.

Fang, D. and Roose, M. (1997). Identification of closely related citrus cultivars with inter-simple sequence repeat
markers. Theoretical and Applied Genetics, 95: 408-417.

Golein, A., Ghasemi, M., Fattahi Moghadam, J. and Gholamian, E. (2014). Genetic analysis between
unknown Citrus accessions and commercially important cultivars using ISSR marker. Agricultural
Biotechnology Journal, 5(4): 111-124 (In Persian).

Khiavi, S.J., Hamidoghli, Y., Golein, B. and Sabouri, A. (2015) Evaluation of genetic diversity in acid lime
(Citrus aurantifolia swingle) genotypes using AFLP markers. Australian Journal of Crop Science, 9: 996-
1002.

Yy


http://www.ijpab.com/
http://dx.doi.org/10.52547/pgr.7.2.2
https://dorl.net/dor/20.1001.1.23831367.1399.7.2.4.3
https://pgr.lu.ac.ir/article-1-206-fa.html

[ Downloaded from pgr.lu.ac.ir on 2024-12-24 ]

[ DOR: 20.1001.1.23831367.1399.7.2.4.3 ]

[ DOI: 10.52547/pgr.7.2.2]

WA/ Y olad /Y dl /Al Sy la e

Kijas, J., Thomas, M., Fowler, J. and Roose, M. (1997). Integration of trinucleotide microsatellites into a linkage
map of Citrus. Theoretical and Applied Genetics, 94: 701-706.

Krueger, R.R. and Navarro, L. (2007). Citrus Gerplasm Resources. In: Khan, I.A., Ed., Citrus Genetics,
Breeding and Biotechnology. pp. 45-140. CABI, London, UK.

Li, X., Xie, R., Lu, Z. and Zhou, Z. (2010). The origin of cultivated citrus as inferred from internal transcribed
spacer and chloroplast DNA sequence and amplified fragment length polymorphism fingerprints. Journal of
the American Society for Horticultural Science, 135: 341-350.

Luro, F., Laigret, F., Bové, J.M. and Ollitrault, P. (1995). DNA amplified fingerprinting, a useful tool for
determination of genetic origin and diversity analysis in Citrus. HortScience, 30: 1063-1067.

Mabberley, D. (2004). Citrus (Rutaceae): a review of recent advances in etymology, systematics and medical
applications. Blumea-Biodiversity, Evolution and Biogeography of Plants, 49: 481-498.

Moore, G.A. (2001). Oranges and lemons: clues to the taxonomy of Citrus from molecular markers. Trends in
Genetics, 17: 536-540.

Mirmohammadi Maibody, S.A.M. and Golkar, P. (2019). Application of DNA molecular markers in plant
breeding. Plant Genetic Researches, 6(1): 1-30 (In Persian).

Munankarmi, N.N., Rana, N., Bhattarai, T., Shrestha, R.L., Joshi, B.K., Baral, B. and Shrestha, S. (2018).
Characterization of the genetic diversity of acid lime (Citrus aurantifolia (christm.) swingle) cultivars of eastern
Nepal using inter-simple sequence repeat markers. Plants, 7(2): 46-60.

Nicolosi, E., Deng, Z., Gentile, A., La Malfa, S., Continella, G and Tribulato, E. (2000). Citrus phylogeny and
genetic origin of important species as investigated by molecular markers. Theoretical and Applied Genetics,
100: 1155-1166.

Novelli, V.M., Machado, M.A. and Lopes, C.R. (2000). Isoenzymatic polymorphism in Citrus spp. and
Poncirus trifoliata (L.) Raf.(Rutaceae). Genetics and Molecular Biology, 23: 163-168.

Ollitrault, F., Terol, J., Pina, J.A., Navarro, L., Talon, M. and Ollitrault, P. (2010). Development of SSR
markers from Citrus clementina (Rutaceae) BAC end sequences and interspecific transferability in Citrus.
American Journal of Botany, 97: e124-e129.

Omura, M. and Shimada, T. (2016). Citrus breeding, genetics and genomics in Japan. Breeding Science, 66: 3-
17.

Pang, X.M., Hu, C.G. and Deng, X.X. (2007). Phylogenetic relationships within Citrus and its related genera as
inferred from AFLP markers. Genetic Resources and Crop Evolution, 54: 429-436.

Pritchard, J.K., Stephens, M. and Donnelly, P. (2000). Inference of population structure using multilocus
genotype data. Genetics, 155: 945-959.

Shahsavar, A.R., Ezadpanah, K.A., Tafazoli, A.A. and Seyed Tababaie, B.A. (2004). Evaluation of genetic
variability of limes and lemons in the Fars province by morphological traits and inter-simple sequence repeat
(ISSR). Journal of Horticultural Science and Technology, 5(4): 177-188 (In Persian).

Shahsavar, A., Izadpanah, K., Tafazoli, E. and Tabatabaei, B.S. (2007). Characterization of citrus germplasm
including unknown variants by inter-simple sequence repeat (ISSR) markers. Scientia Horticulturae, 112: 310-
314.

Velasco, R. and Licciardello, C. (2014). A genealogy of the citrus family. Nature Biotechnology, 32: 640-642.

Wu, G.A,, Terol, J., Ibanez, V., Lopez-Garcia, A., Pérez-Roman, E., Borreda, C., Domingo, C., Tadeo, F.R.,
Carbonell-Caballero, J. and Alonso, R. (2018). Genomics of the origin and evolution of Citrus. Nature, 554:
311-316.

Xu, Q., Chen, L.L., Ruan, X,, Chen, D., Zhu, A., Chen, C., Bertrand, D., Jiao, W.B., Hao, B.H. and Lyon,
M.P. (2013). The draft genome of sweet orange (Citrus sinensis). Nature Genetics, 45: 59-66.

Zhang, Y., Yan, H., Jiang, X., Wang, X., Huang, L., Xu, B., Zhang, X. and Zhang, L. (2016). Genetic
variation, population structure and linkage disequilibrium in Switchgrass with ISSR, SCoT and EST-SSR
markers. Hereditas, 153: 4-16.

Yy


http://dx.doi.org/10.52547/pgr.7.2.2
https://dorl.net/dor/20.1001.1.23831367.1399.7.2.4.3
https://pgr.lu.ac.ir/article-1-206-fa.html

[ Downloaded from pgr.lu.ac.ir on 2024-12-24 ]

[ DOR: 20.1001.1.23831367.1399.7.2.4.3 ]

[ DOI: 10.52547/pgr.7.2.2]

Plant Genetic Researches, Vol. 7, No. 2

Investigation of Genetic Diversity and Structure Analysis of Different Citrus
Genotypes Using ISSR Markers

Abouzar Abouzaril”, Ahmad Reza Dadras?, Behrouz Golein® and Yahya Tajvar*

1- Assistant Professor, Crop and Horticultural Science Research Department, Mazandaran
Agricultural Resources Research and Education Center, Agricultural Research, Education
and Extension Organization (AREEO), Sari, Iran

2- Assistant Professor, Olive Research Station of Tarom, Crop and Horticultural Science
Research Department, Zanjan Agricultural Resources Research and Education Center,
Agricultural Research, Education and Extension Organization (AREEO), Zanjan, Iran

3- Associate Professor, Ramsar Citrus and Subtropical Fruits Research Center, Agricultural
Research, Education and Extension Organization (AREEQO), Ramsar, Iran

4- Assistant Professor, Ramsar Citrus and Subtropical Fruits Research Center, Agricultural
Research, Education and Extension Organization (AREEO), Ramsar, Iran

(Received: September 12, 2020 — Accepted: March 15, 2021)

Abstract

In breeding programs, it is necessary having knowledge of the relatedness and genetic diversity in
germplasm pools. The spread of cultivated regions and the high levels of production indicates citrus
importance in the global economy. Therefore, 110 citrus genotypes were evaluated using 12 ISSR
markers. Overall, 154 polymorphic bands were scored with an average of 12.8 alleles per primer. The
polymorphism percentage ranged from 57 for the ISSR1 to 82 for the ISSR9. Averages of polymorphic
information content (PIC), marker index (MI), gene diversity index (Nei), Shannon index (I) and number of
effective alleles (Ne) were 0.48 £ 0.002, 6.14 + 1.17, 0.42 £ 0.11, 0.61 + 0.12 and 1.78 + 0.27, respectively.
Based on genetic diversity statistics, the studied population had high genetic diversity, and four markers
(ISSR11, ISSR9, ISSR4, and ISSR5) had more potential for differentiation of genotypes. Cluster analysis and
model-based structure analysis, divided the genotypes into five groups and four subpopulations based on the
Neighbor-Joining method (NJ) and Bayesian approach, respectively. Based on both analyses, grouping
of unknown genotypes and control cultivars in the same group probably confirms the assumption of a
common genetic background between these genotypes. Results from the two analyses showed that
Pummelo (C. maxima), Mandarin (C. reticulate), and Citron (C. medica), as three true citrus species,
separated in different groups. In addition to the three true species, at least one species or another genus
of citrus relatives is involved in the genetic makeup of the studied population. In this study, although
both used analyses were effective in completing each other's information, by considering the degree of
genetic mixing and the information of the origin of the genotypes, the effectiveness of model-based
structure analysis in evaluating genetic relationships could be achieved.
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