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Table 1. Plant materials used in the present study

Gen;lgjp:iode Scieﬁg:crnbame e rl; C?]?rweon
G1-G75 Citrus spp oeial Unknown

G76 C. medica (L.) Osheck O s Citron
G77 C. limon (L.) Burm. f. CEBIEN Eureka lemon
G78 C. grandis (L.) Osbeck vy Pummelo
G79 Citrus spp el Unknown
G80 C. reshni Tanaka |5k s Cleopatra
Gsl C. reticulata Blanco e Dancy mandarin
G82 C. sinensis (L.) Osbeck Y osbe Siavaraz 1 Bud mutation
G83 C. myrtifolia (L.) Rafinesque slad > 7ot Chinotto
G84 C. sinensis (L.) Osheck oSl Sanguine
G85 C. reticulate Blanco Aoes |4 Shelmahaleh Natural hybrid
G86 C. aurantium L. @)U Sour orange
G87 C. limettioides Tanaka R gad Sweet lime
G88 C. reticulata Blanco osleds Clementine
G89 C. sinensis (L.) Osbeck Al Sanguinella
G90 C. paradise Macfadyen S B s Duncan grapefruit
G91 C. paradise Macfadyen S S Marsh grapefruit
G92 C. sinensis (L.) Osbeck ;;;fibm;ﬁ Gross sanguine
G93 C. sinensis (L.) Osbeck J3b O semsls Thomson navel orange
G94 C. sinensis (L.) Osbeck Y sk Siavaraz 2 Bud mutation
G95 C. sinensis (L.) Osbheck ojsvlu Moallemkoh Bud mutation
G96 C. unshiu Marcovitch ESAT Satsuma mandarin
G97 Minneola tangelo x C. clementina == Page mandarin
G98 C. reticulata x C. sinensis £~ Khorram
G99 C. sinensis (L.) Osbeck. Ll Valencia orange
G100 C. reticulata x C. sinensis fiier Jahangir
G101 C. reticulata x C. sinensis e g Noshin
G102 C. unshiu Marcovitch S| Okitsu
G103 Poncirus trifoliate (L.) Rafinesque 5,{ A @)U Trifoliate orange
G104 C. reticulata x C. sinensis el Shahin
G105 C. clementina Tanaka g sl Marisol clementine
G106 C. paradisi x P. trifoliata oy s Citrumelo
G107 (C. paradisi x C. reticulata) x C. changsha oLk Yashar
G108 C. latifolia (Yu. Tanaka) Tanaka ﬁ\f;ﬁiﬁ Persian lime
G109 C. aurantifolia (Christm.) Swingle R YOS S Mexican lime
G110 C. aurantium L. G 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

< Js Sl sl s Gl Sl 2l ;\4;;' ol el
i S Js K s e P I S N ol s
A Primer Total Number of Polymo Hism Polymorphic Marker ~ Numberof Shannon  Gene
Primer code Sequence bands  polymorphic bands Pa D Information Content  Index  effectivealleles Index  diversity
(N) (Na) : (PIC) M) (Ne) U] (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 5.21 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)SRG 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 6.67 171 0.57 0.39
S 223 154 825 5.79 73.8 21.41 7.3 5.08
Total
Sl
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

j\.&).;oj; ;ﬁ)\.hl.aa}; Qjﬁwa); WLWL(};}
Pummelo group Mandarin group Citron group Genome with unknown origin
o)w B h Q)La.; Loy c)l».\i Loy a)La.j: Loy
D) e B o e ) e s 85 e
Genotype Percentage Genotype Percentage Genotype Percentage of s Percentage of
code of membership code of membership code membership Genotype code membership
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
GIa1l 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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According to the charts, number of possible subgroups estimated to be 4 (K=4)
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Figure 3. Genetic relatedness of 110 citrus genotypes using 12 ISSR
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The codes are described in table 1. Numbers on the y-axis indicate the percentage of membership of individuals in each

sub-population and numbers on the x-axis indicate the accessions code. Each color represents a sub-population (red:
genome with unknown origin, green: Citron group, blue: Mandarin group, yellow: Pummelo group).
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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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