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Table 1. Studied Ziziphus populations and accessions collection areas

Gsmdojlad (o5 Joe s Gsiojlad o5 Joue 88
Accession  Collection area Species Accession  Collection area Species
No. No.

1 Eizeh okl 7 spina-christi 17 Abkonarak-Eizeh sl =S 7 immularia
2 Eizeh* k! 7. spina-christi 18 Lashkargah-Eizeh* okl -5 7 spina-christi
3 Rasfand-Eizeh shl-4des 7 spina-christi 19 Lashkargah-Eizeh k=S 7 pummularia
4 Rasfand-Eizeh edil-Lde; 7 nummularia 20 Lashkargah-Eizeh k=SS 7 nummularia
5 Badamzar-Eizeh okl =0Gek 7 ummularia 21 Lashkargah-Eizeh* oyl —ol8 Sz Z. spina-christi
6 Takoter-Eizeh ohl-5S6 5 spina-christi 22 Jazestan-Eizeh okl -0kl 7 immularia
7 Kamalvand-Eizeh* sl -g s 5 oxyphylla 23 Jazestan-Eizeh* skl -0kl 7 spina-christi
8 Kamalvand-Eizeh ol -8 LS 2 i mmularia 24 Jazestan-Eizeh* bl -okwjl- 7 spina-christi
9 Kamalvand-Eizeh* sl -y s o spina-christi 25 Jazestan-Eizeh* okl -0kl 7 spina-christi
10 Dashtmal-Eizeh ski-dlzis 7 oxvnhylla 26 Jazestan-Eizeh* sk!-0kSl 7 spina-christi
11 Shoar-Eizeh b1kt 7 spina-christi 27 Shahr-e-Bazi-Eizeh shl-&bt 7 nummularia
12 Takht-e-Kashan-Eizeh ~ ok/-0UE <5 7 oning christi 28 Halijan Obsds 7 spina-christi
13 Dastkortan-Eizeh* oyl -0l S Cs 5 spina-christi 29 Baghmalek Sbil 7 oxyphylla
14 Kolfrah-Eizeh eyl —el ST spina-christi 30 Baghmalek * SLtl 7 mauritiana
15 Bersiah-Eizeh edyl=obwy 7 spina-christi 31 Baghmalek Sbtl 7 nummularia
16 Bersiah-Eizeh* obi-ebe s 7 spina-christi 32 Baghmalek Sbtl 7 qummularia

*: Selected accessions for second experiment
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Table 1. continued \ Jsd> aals
403 0 lad o3l par Joe £ 4 god o)l o9l e Jous <5

Accession  Collection area Species Accession  Collection area Species
No. No.
33 Barangard* s Zobk Z. oxyphylla 53 Abadan olstT 7 spina-christi
34 Haftgel &b 7 nummularia 54 Abadan ST 7 nummularia
35 Haftgel & 7 nummularia 55 Abadan QLT 7 spina-christi
36 Haftgel &b 7 nummularia 56 Abadan* ST 7 spina-christi
37 Haftgol B 7 nummularia 57 Abadan YT 7 spina-christi
38 Masjed Soleiman Ol dees 7 nummularia 58 Abadan* skt 7 spina-christi
39 Masjed Soleiman Oleks does 7 nimmularia 59 North Bavardeh-Abadan* % 7 mauritiana
40 Masjed Soleiman Ol domes 7 immularia 60 South Bavardeh-Abadan >l 7. spina-christi
41 Masjed Soleiman* Oleke dns 7 oxyphylla 61 Ahvaz* Sl 7 mauritiana
42 Masjed Soleiman Olebe dee 7 oxyphylla 62 Ahvaz* Il 7 mauritiana
43 Shoshtar 55 7. spina-christi 63 Ahvaz* Sl 7 spina-christi
44 Shoshtar* A5+ 7. spina-christi 64 Mehran 94 7 nummularia
45 Shoshtar A 7 nummularia 65 Mehran* ol 7. spina-christi
46 Shoshtar A5+ 7. spina-christi 66 Mehran Ol 7 oxyphylla
47 Mollasani St 7 spina-christi 67 Mehran* S 7, oxyphylla
48 Mollasani S 7 oxyphylla 68 Mehran 4 Z oxyphylla
49 Mollasani S 7 spina-christi 69 Mehran* ez, oxyphylla
50 Mollasani* S 7. spina-christi 70 Tlam* ' 7. jujuba
51 Mollasani* S 7 spina-christi 71 Tlam* et 7 jujuba
52 Abadan* LT 7 spina-christi 72 Mishkhas-Ilam* LIPS0 7 jujuba

*: Selected accessions for second experiment
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Table 2. Studied morphological charactoristics of Ziziphus genotypes

Characteristic "o ses  Characteristic S gz
Leaf blade length (cm) (o slo) & 6 b Total soluble solids (%) JS Jsloms ol 5150 sy
Maximum leaf blade width (cm) (asile) & ey o0 e Titratable acidity (mgl™) G 2 05 Jhet) Dol 5 16 o

Leaf blade area (cm?)

Petiole length (cm)

Ratio of leaf length to petiole length & as b S d b s
Leaf blade position of maximum width (code) (1) &5y &gy 5 0 iy S o
Fruit weight (g) (05 050 055

(F&JLN) 0 40 J}Jﬂ
(o ) o 5n Jab iy
(CJAJZAGBL») 0 50 I3iRY

Fruit length (cm)
Maximum fruit diameter (cm)
Fruit size (cm?)

TSS/TA ratio Ol o5 BB Al @ J oo ol 31 30
Fruit Moisture (%) 0 gm0 Cugby Aoy
Fruit dry matter (%) 0 oo St 03le Loy
Stone weight (g) (0 8) wn 05

(o o) avn J b
(o 5lw) darun s
(e roSl) sl o5l

Mﬂ\{@;w' 5

Stone length (cm)
Stone diameter (cm)
Stone size (cm?)
Pulp: stone ratio
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Table 3. ISSR primers sequences used in this study

LS AT M5

Primer name  Primer sequence

UBC-807 AGA GAG AGA GAG AGA GT
UBC-810 GAG AGA GAG AGA GAG AT
UBC-814 CTC TCT CTC TCT CTC TA
UBC-828 TGT GTG TGT GTG TGT GA
UBC-818 CAC ACA CAC ACA CAC AG
UBC-827 ACA CAC ACA CAC ACA CG
UBC-811 GAG AGA GAG AGA GAG AC
HB12 CAC CAC CACGC

UBC-811 GAG AGA GAG AGA GAG AC
UBC-826 ACA CAC ACA CACACACC
HB14 CTC CTC CTC GC

HB10 GAG AGA GAG AGA CC
ISSR-17 GAG AGA GAG AGA GAGAGAC
LBMB-B GAC AGA CAG ACA GAC ATT
LBMB-C GAC AGA CAG ACA GAC AGT
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Table 4. Minimum (Min.), maximum (Max.), mean, standard deviation (std.) and phenotypic diversity index
for characteristics of Ziziphus germplasm

w8 ady oSk e Ol s el
i ~ Min. Max. Mean Std. Phenotypic

Characteristic At s diversity index (%)
Leaf blade length (cm) Gusl) &, S dsb 1,64 6.81 2.81 0.56 19.91
Maximum leaf blade width (cm) (o ble) & eSgy o0 iy 0.85 3.86 1.98 048 24.22
Leaf blade area (cm?) ) &gt 151 21.06 575 236 41.11
Petiole length (cm) (asl) S s dsb 018 142 052 0.18 3593
Ratio of leaf length to petiole length S msdsba Sy db s 353 17.33 6.12  2.69 43.96
{Eeoacfeg)lade position of maximum width (1) 65 Sagy oo akos iz 1.80 277 227 021 94
Fruit weight (g) (S esass 096 2146 179 0.5 30.89
Fruit length (cm) (esl) o dsb  1.04 398 1.39  0.17 12.01
Maximum fruit diameter (cm) (fotlo) ogm bl 123 321 1.50 0.18 11.98
Fruit size (cm?) (prres ool 128 14.17 2.12  0.50 23.40
Total soluble solids (%) IS dolos dal slge doys 1120 27.4 1826 295 16.18
Titratable acidity (mgl™) G e S ko) Ol 5 BBl 045 0.93 0.61 0.11 17.68
TSS/TA ratio Qg 25 BB el 4 Jglome ol sl3e s 11,83 7143 31.26 9.65 30.87
Fruit Moisture (%) ogm Cusbydess 5048 816 70.48  7.13 10.12
Fruit dry matter (%) o0n St osle Aoy 184 49.52 2952 7.13 24.17
Stone weight (g) (pf) wa0ys 021 1.39 0.59  0.90 30.20
Stone length (cm) (gl amadsb 075 243 0.94  0.09 938
Stone diameter (cm) (egsle) s L3 0.54  1.09 0.84 0.11 12.57
Stone size (cm’) (prrs) ohesiul 050 1.17 0.80 0.14 18.04
Pulp: stone ratio cagcsf o 022 1655 222 130 585
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Table 5. Mean of evaluated characteristics among Ziziphus genotypes

Species xS

Characteristic Cweses 7. jujuba Z.mauritiana  Z.nummularia  Z. oxyphylla  Z. spina-christi
Leaf blade length (cm) Gl &8 oSy J b 3.13 6.01 2.21 2.69 3.05
Maximum leaf blade width (cm) Gail) &y &gy 5 i 1.77 3.16 1.60 1.66 2.19
Leaf blade area (cm?) (rressts) oS oSy Lol 5.54 18.99 3.54 4.47 6.68
Petiole length (cm) Groile) S oes b 0.19 1.26 0.44 0.34 0.62
Ratio of leaf length to petiole length S s dgb a8 Jsb 0.59 7.57 0.97 0.91 1.89
Leaf blade position of maximum width (code) (1) &5, gy o 5 ity i o 1.92 2.56 2.27 2.38 2.28
Fruit weight (g) (pf) 03 053 2.75 20.41 1.21 2.40 2.97
Fruit length (cm) (rasSle) o500 J sb 1.62 3.63 1.22 1.30 1.82
Maximum fruit diameter (cm) L 1.68 3.11 1.15 1.39 1.64
Fruit size (cm?) (e Slo) o g o510l 2.72 11.29 1.40 1.81 2.98
Total soluble solids (%) IS o ol 1o o ys 1811 16.90 18.15 20.28 17.85
Titratable acidity (mgl™) (& rf&:ﬂ) O spl 5 B el 0.48 0.87 0.66 0.57 0.60
TSS/TA ratio O gl 25 B el & J gl el 30 S 37,70 19.43 27.50 35.58 29.75
Fruit Moisture (%) opm Zasb)y Aoy 6312 19.79 73.14 71.88 70.51
Fruit dry matter (%) oge &St o3l Aoy 36.88 80.21 26.86 28.12 29.49
Stone weight (g) (¢ n 05 0.46 1.25 0.62 0.52 0.62
Stone length (cm) (o s5l) dtan J5bo 0.93 221 0.94 0.92 0.95
Stone diameter (cm) (o ) atuan ko 0.54 0.93 0.86 0.83 0.86
Stone size (cm®) (grressle) S el 0.50 2.06 0.80 0.77 0.82
Pulp: stone ratio O PHCE y g 4.97 15.33 0.95 3.62 3.79
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Ziziphus > 4505 ¥+ 5 HB12 ST 55 ol SI-) s
Fig. 1. Banding patterns generated by HB12 primer in 30 accessions of Ziziphus genus
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Table 6. Genetic indices for ISSR primers for evaluation of genetic diversity in

Ziziphus genotypes
Primer name Na Ae H PIC
UBC-807 10 7.78 2.39 0.75
UBC-810 12 8.96 2.61 0.77
UBC-814 10 8.11 2.69 0.79
UBC-828 12 8.39 2.50 0.77
UBC-818 10 8.01 2.32 0.79
UBC-827 8 6.40 2.03 0.72
UBC-811 12 8.75 2.65 0.78
HBI12 15 9.82 2.69 0.79
UBC-811 11 8.16 2.60 0.78
UBC 826 14 10.86 3.37 0.81
HB14 15 10.55 3.13 0.81
HB10 10 8.41 2.75 0.78
ISSR-17 10 7.54 242 0.76
LBMB-B 6 4.53 1.29 0.65
LBMB-C 10 7.56 2.44 0.77
Average 11.06 8.25 2.52 0.76

(S s Sl (g smms PIC 05l g5 (e la H e o PT sl 1AC (ot oualice sl JIT sl (Na
Na: Observed number of alleles, Ae: Effective number of alleles, H: Shannon's
information index, PIC: Polymorphism information content

53 PTVV/# dSSR (sla SHET (gl Guiows
sHB14 S5LT ol o PT slaw o i
ST &l slaws o 28 5 (PT V0) HB12
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S5 g5 sk 51 S S (D) o5l
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Figure 2. Cluster analysis based on Jaccard’s similarity coefficient and UPGMA method using 15
ISSR primers on 30 accessions of Ziziphus
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Table 7. Eigenvalue, variance and cumulative variance for five major factors obtained
from PCA using ISSR marker

adl 3o 58 slae by oo oboly (e Ao
Component Eigen value Variance (%) Cumulative variance (%)
1 10.48 34.98 34.98
2 1.69 5.64 40.58
3 1.43 4.78 45.36
4 1.17 3.92 49.29
5 1.06 3.55 52.85
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Fig. 3. Analysis of 2D plot for Ziziphus accessions based on Jaccard's similarity
coefficient using ISSR marker data
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