[ Downloaded from journals.lu.ac.ir on 2024-05-18 ]

[ 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

ISSR (sl ST 51 ealinnl b LS o Cilises slaca 55 Hbslu 4 28 5 (K3 E5 i

¢ . v é . ¥ . U .
2570 e 9 IS S e e pals Lo sdesl Y50 4l )3 g

(Dl Olejlu 0Lk Ol ml mlio 5 (355L0S Dl S e Bl 5 o) pole Dlid i lsbial )
ol «S33LES s 5 5 el
e 5 53l (aisel 5 Slikes S e (Bl 5 23 pule Slid s el O Slidies o] skl =Y
O3 (830058 s 5 Srisel «lido Olojle Ol Sliul ad
el (S33UES a5 5 el (Dl Olajl sl (6t St (e gon 5 S o i Sl g3 leils <Y
el (833U s s igel (i Olojl sl s (5 e Stagd (Slo gor 5 DS o Sl oA m sy Slislend —
OFRANY/T0 15y sl = ATAY/A VY 2l )

s S

Ui 5SS (5325 ol 5L andlip 3 5 3 spmge (S5 g5 5 Sl 3 ) AT 4 ol glaast 5 s
ISSR ST NY Slaslizul b olS 1o i3 V) e Gl ol 3 ool Sl slasil s 0T canl Sl oS 0 5 (VL
Loy OV Sl ISaae dons .l asslael BTIYVA . Sle b S 15 V08 faoma 53 S 3 Ll 55
L gzo Oy ((PIC) ISCodtin oDl (gl gioes Lo g2o 550 uiie ISSRO ST (gl ds,s AY L ISSRL ST ol
VLRV /8A /oY 55 (Ne) e W sl 5 (D) ol Lale (Nei) 5 g5 oerla (MD Sl els
Vb (S5 55 asdlas 3550 Comam ((S85 g5 Slaolal il A 3550 VVA £ 4/TV 5 2N 1Y /8T 0
G g e Lo s pld G 6t lewdly 5IISSR5 5 ISSR4 ASSRY dSSRIL 5T jle 5 il
S oS b ol i phao s (N (Sles dlasl iy, plul » oo fa Jltle wps 5 glad s
S5 a3 G2 e 8 G 5 Aald B b ant Ll Gla i 55 8 S 18 a0 o Sl 55 S el Comar 25
C.) pesltle «(C.omaxima) oy, Aud= 455 4w o sl oy S 53 00 Cuull [ sl cul o S 2de
8 S Pl (idm &S aw o dle @l el A S 15 e glaes S 45 (C.omedica) O 2w 5 (reticulate
npd 55 a a8 G cpl 53 Sl g aadllae 350 Comer 1w 55 LS e DML 5l s e L
Wl a3 Line Sledbl 5 (K55 DO Ol 03503 Blowd L Gl i L, oo SloSbl oSS 3 oalisal 350

8L s (S bl bl s Je e sletle w2 s Ol

ks Ll (LS s cumer Ll 4 ISSR S LT 1 g dldS O 51

a.abouzari@aree0.ac.ir : S s 7SI oy o551 ¢J giams 0kins 55 ¥

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://journals.lu.ac.ir/pgr/article-1-206-en.html

[ Downloaded from journals.lu.ac.ir on 2024-05-18 ]

[ DOR: 20.1001.1.23831367.1399.7.2.4.3 ]

[ DOI: 10.52547/pgr.7.2.2]

b‘)@jd)s‘ﬁ‘

3550 il Glac 55 Stues S (6l g3dte Glaay
el 55 shumias pedle 58 e B eolind
5 G O ol 4 gl S Calld b alsl Sl
sbetle lae 5 Ol o (Evanno et al., 2005) s, el
P L T P LJ NPT PSP RNCy
Cle gla By, sl SSE gpbete galamer )
oz 3 e glas S5 5l ol e Sl e
§eslizd | STRUCTURE e sy e sl )
or) s (Falushetal., 2003) LS’ oslizal Bayesian % 5,
bl 55 51K a LA Ole alome oDl g5
s 08 G e 5 4 ol 0 Cog y Jlenl S
Sz Bl ps Ol Comaz 5 2 3 S sk
sl Sl zalS al e Jslas 5 il

adsl Jpol 31 (S5 gy 5 55 Ol 2 B30 a8 1l )
o5 «(Moore, 2001) Lt e S 0 Dol slaast
2 ST L e pamn cal 055 il (s Cogr 3 ol
S5 Sl S 5 Sl B e 53 ISSR S 16
CS 5l e 5 anlllas 350 Dl 3 S g se Slad yod
o sl 6Bl 3 S o i S S 5
REIpE(y

TP

WSl Jhags ol 53 DNA ol gaul 5 ALS sl
oo Yt 5 alial b BV el il 85
5 S Dlais oSy Sl DS e e 5 (b
S35 bl sy 5 DBl il (6 e e Sl g0
G0 4 S sladiged 3l 55 DNA gl () )
L sladisei 5 plol (Edwards etal., 1991) o HSan 5 5l 90
3 Sresd Sl sy 93 3 e S CdS 5 S
L sl s s A 38T S 55585 0

ISSR ST VY L 31y slo pmss 2815 2 WS w8
e TS b ass sl 53 oS S o ol
Shahsavar ) s 5 e 2,155 ol gl oV Mo s
(Y Jsd) as rl?u.‘ (etal., 2004; Golein et al., 2014

V¢

e Al s 55 Sl w5 (K55 S ez

4o e
5 Rutaceae osl sl 4 OF Lslis s uim YA 5 g 2o
Barkley et al.,) &5 3l Aurantioideae oslgl> 3
GlSos 5 oo Bl gla B s (2006
(~Sr sl Wil i «(Krueger and Navarro, 2007)
Jelse Sl S 1o s bl Coslss 5 i8S il cwdd
Ll Dty s i S
Gl ol p e &S Ll 3l (Mabberley, 2004)
Sl dbsa placdipn 5 SO et
A o k) 5 e Jal ol i e Ao
Gl Sl Sas L (S Lalsy s 1,8 0 3
Barkley ) ol Jls ;55 5 (6 nies Olsabsl 5 235 31 J S0 5e
PCR e 5 b (o, Sl ISSR KL (et al., 2006
S i 53 o5 DNA I glanss (ST ol 3 oo
BOMe) 3,2 o L5 ofalesy K J5 b Ko g
«wsls Lo a (and Branchard, 2001; Aziznia et al., 2020
Sl anl 528 L gl S Sl eslinad 5 b me
et a5 Qg 5Bl e sl pas L3 51 s S5
Sl S5 el ke 53 W B ISCEir 03
2 ilie Sl gl ST ol o s D3 D5
Mirmohammadi ) 5 .S | 3 - iies 5 = 5 Sl Sy gl ol
SeSSské Laly,y o) > (Maibody and Golkar, 2019
ol dSSR ST 5 aslinad b pos e i 5l 455 A
o2 3 gl 5 S S iy oS il S
KL ) eslinad (Fang and Roose, 1997) bl plezs
ol 68 315 0L S o o) S55ks Bl s s ISSR
S35 sy gt alaly b lais S 03505 pleze s SIS
{(Shahsavar etal., 2007) Lib » 5ls, 5 5 2V Ll
ISSR LSS Sl asbisal b o 5 pod 2] (S55 £55 anllas
058 e 4 U B8 3 0l S il pBf oS sl Ol
Oeeees (Munankarmi et al,, 2018) s> sl jlaze
Awad et) s,k laal sl s Sl ol 5l eslizad
(Zhang et al., 2016) S5 Siwsw ik g 5 (al., 2019

c‘-;}ﬁ}a 6@53\3 )\ oalaul L: Sl 0 U‘LJ‘J? j..s


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

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

Geios ol s eslinal 5 40 da:l.:f Slge =\ Jod
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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
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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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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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