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Investigation of polymorphism in different acid lime (Citrus aurantifolia Swingle)
genotypes with free witches broom disease by molecular markers of SSR and ISSR

Samaneh Raheb!, Mahmood Ghasemnezhad?*, Behrouz Golein®, Morteza Golmohammadi*

and Atefeh Sabouri®
1, 2, 5. Former Ph. D. Student, Professor and Assistant Professor, Faculty of Agriculture, University of Guilan, Rasht, Iran
3, 4. Associate Professor and Assistant Professor, Citrus and Subtropical Fruits Research Center, Ramsar, Iran
(Received: Sep. 25, 2016 - Accepted: Mar 3, 2017)

ABSTRACT

Limes have been consumed as fresh fruits and processing products, due to high quality and acidity in fruit juice. In
recent years, the incidence of Witches Broom disease resulted in destroy of thousands Limes trees in the south of
Iran. The best method for controlling this disease is planting tolerant genotypes. Therefore, in this study, genetic
diversity of 33 different lime genotypes which didn’t showed Witches Broom disease in the field and preliminary
test, with 10 commercial citrus cultivars as a control was evaluated by 17 pair primers of SSR and 11 primers of
ISSR. According to results with Simple Sequence Repeat (SSR) markers, the highest Polymorphic Information
Content (PIC) were observed in TAAL and TC26 with 0.72 and 0.68, respectively and by using ISSR markers were in
ISSR1, 809 and 810 with 0.49 which was identified as a the most appropriate distinguishing markers. Results showed
that there were differences between Limes and other types of citrus based on kind of studied markers. On the other
hand, all of Lime genotypes had high affinity with Mexican Lime and Persian Lime and grouped in a cluster.
Therefore, most of acid limes in south of Iran belonged to Limes group.
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Table 1. Traits of Lime genotypes studied in this research

Location Scientific name Common name Number Location Scientific Common name  Number
name
Darab Citrus sp. Forg Hybrid (7) 23 Minab  Citrus sp. 6 darab 1
Darab Limequat 24 Minab  Citrus sp. 1-1 2
Darab Citrus sp. Forg Hybrid (8) 25 Minab  Citrus sp. 2_2_MX 3
Darab Citrus sp. Hybrid (2): citrus aurantifolia x 26 Minab  Citrus sp. Binam 4
Bakraee (Citrus sp.)
Darab Citrus sp. Hybrid (3): citrus aurantifoliax 27 Minab  Citrus sp. 5-2 5
citrussinensis
Darab Citrus sp. Cucumber lime Farood 28 Minab  Citrus sp. 4- Darab 6
Darab Citrus sp. Sweet lime Forg 29 Minab  Citrus sp. 4-5 7
Darab Citrus sp. Curly lime Farood 30 Minab  Citrus sp. 1-10 8
Jiroft Citrus sp. G6 31 Minab  Citrus sp. 4-2 9
Jiroft Citrus sp. G7 32 Minab  Citrus sp. 1-13 10
Jiroft Citrus sp. G11 33 Minab  Citrus sp. 1-14 11
Ramsar  Citrus maxima Merill Pummelo 34 Minab  Citrus sp. 1-7 12
Ramsar Citrus aurantiumL. Sour orange 35 Minab  Citrus sp. 5-1 13
Ramsar  Citrus limettioidesTan. Sweet lime 36 Minab  Citrus sp. 1-4 14
Ramsar Citrus latifolia Persian lime 37 Minab  Citrus sp. 1-3 15
Ramsar Citrus limon (L.) Burm. f. Lisbon lemon 38 Minab  Citrus sp. 2-8 16
Ramsar Citrus medicaL. Citron 39 Minab  Citrus sp. 2-10 17
Ramsar  Citrus paradisiMacf. Duncan grapefruit 40 Minab  Citrus sp. 1-5 18
Ramsar Citrus sinensis (L.) Local orange 41 Jahrom  Citrus sp. Mesri Kamali 19
Osbeck Siavaraz orange tangebaluchi (21)
Ramsar  Citrus reticulataBlanco Dancy mandarin 42 Jahrom  Citrus sp. Kharkulu 20
Ramsar Citrus auranifolia Mexican lime 43 Darab  Citrus sp. Hybrid (5) 21

(Chrism.) Swingle

Darab  Citrus sp. Forg Hybrid (6) 22
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Table 2. List of the used SSR and ISSR primers

Primer . .
sequence Primer Reverse sequence Forward sequence Primer
ISSR SSR
BDB (TCC)5 ISSR1 ACATGCAGTGCTATAATGAATG AGGTCTACATTGGCATTGTC TAA41
DBDA(CA)7 N3 AAGAAGAAGAGCCCCCATTAGC GACAACATCAACAACAGCAAGAGC TAAL
YG (GA)8 N4 TAACCACTTAGGCTTCGGCA TCAGACATTGAGTTGCTCG CTT01
(AG)BYT N5 CTTCCCAGCTGCACAAGC GAAAGGGTTACTTGACCAGGC TAA15
(AC)BYG N7 TGTGAGTGTTTGTGCGTGTG TTCCTTATGTAATTGCTCTTTG ATC09
(AC)8YA N8 TAGTACCCACAGGGAAGAGAGC GGATGAAAAATGCTCAAAATG TAA27
(AG)8G 809 TTGCCATTGTAGCATGTTGG ATCACAATTACTAGCAGCGCC CAC23
(GA)ST 810 TTTTAAAATCCCTGACCAGA TTTGACATCAACATAAAACAAGAAA  AC01
(CT)8AGC 844 GTGATTGCTGGTGTCGTT AACAGTTGATGAAGAGGAAG CCSM18
(ACC)6 861 GTTATGATACGTCTGTGTCC ACATGGACAGGACAACTAAG CCSM17
(CT)8A 814 GAGGGAAAGCCCTAATCTCA CTTCCTCTTGCGGAGTGTTC TC26
TGCTCCGAACTTCATCATTG GCCTTCTTGATTTACCGGAC GT03
CAACAACCACCACTCTCACG CGAACTCATTAAAAGCCGAAAC CT21
TGACTGTTGGATTTGGGATG ACGGTGCGTTTTGAGGTAAG CT02
AGACTCACGTAACCTACTTC GCTATGTTATGATACGTCTG CCSM147
CCCACATGCTAGCACAAAGA TCAACACCTCGAACAGAAGG CCTO01
CTTCCTCTTGCGGAGTGTTC AAAGGGAAAGCCCTAATCTCA AG14




w3 ISSR g SSR  JeSge (slo ,Kilis ISiaiz gy i) ) SKan o ol 4

Gl ¢ glabes Ly g (Sl) alE oy
SSR sla,Silits

Slm00ls &l 1 sy 0,50 IS0l Y glabos &y 3o
s 4lis co,s g UPGMA g, b SSR Jusl>
plSg s 0 (0 UK ol el SM) ool
s s Sedy 5 LpElE (VUSD) oadpen
2SS J5D 3CBA) Lalegs oz o
oatie 095 p; 90 b D oegS za ol o9
@ Ol 1y 095 (RS Slyear A og)S Ned e
VY Jols AL ol 09,525 05 menedl 09525 99
G6 G5 543 G2 Gl ol 5 JSite Sol
G117 G15 Gl4 G138 G12 Gl1 G100 G9 G8
Gl6 G4 G3 G25 G23 G22 (21 G20 G19
A2 pgs 05,5 5 G24 5 G30 G28 G31 G33 G7
SrSlR el @Y dn (g G3T i s
095 33 in Sy9e Slaplelp 5l arg BB et
S wasee Ol @Y oedn g mY 0SS
s oY 4 Glaie Dz )0 e gladiges

ISSR g8l
Silis & g ool 5o ead eolanwl 5T
Ole &5 wo)S oy aoilel BB Slakad
ouls ools lid ¥ Jgao jo Glakad ol ISCSos
g Vo faozme,d d92g0 o, Kilas IS5 51l
Widg S sz lg AY el s 5l aS ol sl
KVESKCRRVY IR VIR Vi A IR VE P E RN L SRR o] W
sl Slis gl aoyo) e v 5l sdelcawody IShae
o1 peiie NA SLis gl auoyo $V/OY 5 844 4 N4
S22 S PRV FOWR Y PR (W RUCSIR VS 1 PO
YL Caidds doy0 @ dzgi Lo asys YIYA
ol el ol e sdelcansay  AShois
S5y Gld s e adln Sl
Sledbl glize 0SS Jos Ghyiged slaBolss
Sl 5 TR 5e VY ey 3o ol 5 U i
38 odddamwle PIC e (o300 /YA
e /¥ e L 810 4 809 JdSSRL sl Sl

Woas by JT ket g (Hops) oo soslie cwsSs 5,50 «(PIC)  JSiosa Sledbl slgims « JT 8505l da ) S5leT X Jga
SSR 55kl i
Table 3. Primers, allele size, PIC, observed heterozygosity (Hqs) and number of alleles for 13 primer pairs of SSR

Alleles number Hobs PIC Allele size (bp) Primer
8 0.90 0.64 108-178 AG14
6 0.97 0.67 173-210 GTO03
3 0.90 0.40 111-167 CT02
6 0.85 0.52 182-247 TAA15
7 1 0.67 127-190 TAA41
3 1 0.48 135-167 ACO01
7 1 0.68 133-190 TC26
7 0.95 0.55 211-263 CCsMm18
6 0.93 0.57 169-202 ATCO09
6 0.95 0.54 196-233 TAA27
5 0.90 0.51 250-281 CAC23
10 0.90 0.72 170-202 TAAL
8 0.90 0.55 124-159 CTT01
6.3 0.93 0.57 - Mean

ISSR S5l VY @ g ye (S5 95 slovolel ¥ Jgur
Table 4. Statistics of genetic diversity for 11 ISSR primers
Polymorph Total Polymorphism .

bands bands Percentage PIC Primer
7 8 87.5 0.49 ISSR1
9 10 90 0.38 N3
5 5 100 0.32 N4
13 16 81.25 0.38 N5
10 13 76.92 0.27 N7
8 13 61.53 0.28 N8
11 13 84.61 0.49 809
12 13 92.30 0.49 810
12 12 100 0.47 844
9.6 11.44 71.38 0.39 Mean
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Figure 1. Dendrogram of 43 genotypes of citrus using SSR markers based on UPGMA. Name of the genotypes are
shown in Table 1.
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