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Abstract

Objective

Henna (Lawsonia inermis L.) is a valuable medicinal plant used in medicine and dyeing
industries. This study aimed to investigate the genetic diversity of Iranian native henna ecotypes
using ISSR molecular markers and phenotypic traits to preserve genetic resources and advance
breeding programs.

Materials and Methods

In this study, 140 henna ecotypes were cultivated in a lattice design with two replications.
Important phenotypic traits including plant height, leaf dry weight, stem dry weight, leaf area
index, and the ratio of leaf dry weight to stem dry weight were measured in seven selected plants
from each plot. DNA was extracted using the modified CTAB method, and nine ISSR markers
with the maximum number of polymorphic bands among 20 markers were selected and used.
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Results

Variance analysis revealed significant differences between ecotypes in all studied phenotypic
traits. The high degree of polymorphism and ability to distinguish ecotypes demonstrated the high
efficiency of ISSR markers in evaluating henna genetic diversity. Structure analysis separated the
140 henna ecotypes into three different subpopulations. Cluster analysis of phenotypic data using
Ward's method divided the ecotypes into four groups. The ecotypes of Zehkalut (HA245), Rudbar
(ET244), and two ecotypes of Qalehganj (EH100 and GB107) with high averages of all studied
traits were placed in the second phenotypic cluster group. Additionally, phenotypic cluster
analysis showed that ecotypes with the highest average plant height were also in the second group.
Three ecotypes from the Qalehganj region (AGH140, LA137, and NE253) and one ecotype from
the Shahdad region (SHH157) had the highest stem dry weight, all of which were located in the
third phenotypic cluster group. Cluster analysis of molecular data based on the Jaccard method
and principal component analysis of genotypic data placed ecotypes into more distinct groups.
Molecular data revealed greater genetic differentiation between ecotypes than phenotypic
information. The genetic distance analysis showed the least difference between AGH140 and
NG142 ecotypes from the Qalehganj region, while the GA198 ecotype from the Dalgan region
exhibited the greatest genetic difference from other ecotypes.

Conclusions

The population structure identified in this study can serve as a necessary prerequisite for
association mapping in future studies. The obtained diversity and genetic distance results are
valuable for preserving genetic resources and selecting parents to improve the breeding value of
genotypes.
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Table 1. Code of 140 ecotypes of henna used in this study

0 yLoud oSl U ;loud cigSl b 8 lowd gl pb
Number Ecotype Number Ecotype Number Ecotype
name name name
1 ZE1 49 HG 102 97 NI 261
2 EH 2 50 CHZ 104 98 NA 263
3 HK 4 51 GB 107 99 ND 264
4 KA 6 52 ZA 110 100 Al 266
5 AL 10 53 GA 115 101 AD 269
6 LU 13 54 AN 117 102 SHA 151
7 UT 14 55 NI 120 103 AH 152
8 TU 17 56 GN 122 104 HD 153
9 Ul 26 57 NA 126 105 DA154
10 LA 29 58 AG 129 106 AD 155
11 AK 30 59 GH 131 107 SHH 157
12 KH 31 60 HE 133 108 SHD 160
13 HE 33 61 El 134 109 DH 163
14 EZ 35 62 LA 137 110 TKH 166
15 ZH 38 63 AGH 140 111 KHT 168
16 ZK 41 64 NG 142 112 TT 170
17 ZA 43 65 NH 252 113 Bl 172
18 Z1 45 66 NE 253 114 HO 272
19 ZU 48 67 NI 254 115 BGM 174
20 ZT 49 68 NA 255 116 BMG 176
21 EA 50 69 NGH 259 117 BBR 177
22 EL 241 70 DA 188 118 LA 178
23 EU 243 71 Al 191 119 AM 181
24 ET 244 72 LG193 120 ME 183
25 HA 245 73 GN 195 121 ER 186
26 HI 248 74 NB 196 122 Gl 239
27 HU 251 75 GA198 123 IR 240
28 RI 51 76 AN 200 124 KA 143
29 IG 54 77 DI 202 125 AH 145
30 GA 57 78 DG 204 126 S1
31 AN 60 79 DA 206 127 S2
32 NA 62 80 KN 207 128 S3
33 AG 63 81 DN 208 129 S4
34 Gl 64 82 Al 209 130 S5
35 IR 68 83 AG 211 131 S6
36 Al 70 84 LG 213 132 S7
37 AR 72 85 NK 216 133 S8
38 Gl 74 86 BD 218 134 S9
39 GR 77 87 ZG 219 135 S10
40 IR 80 88 GG 221 136 S11
41 IA 83 89 LA 223 137 S12
42 IN 85 90 LN 227 138 S13
43 GN 87 91 ZZ 228 139 S14
44 R193 92 GZ 229 140 S15
45 GHA 94 93 GR 231
46 Al 96 94 GN 234
47 LE 99 95 NA 237
48 EH 100 96 NG 238
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Table 2. Sequence and annealing temperature of ISSR primers used in this study

Sl Sl gy Jlail gl
primer Sequence primers Annealing temperature
°C)
(GTGC)4 5GTGCGTGCGTGCGTGC3 59
(AGG)6 5" AGGAGGAGGAGGAGGAGG3’ 61
T(GA)9 5 TGAGAGAGAGAGAGAGAGA3’ 52
(AG)8T 5" AGAGAGAGAGAGAGAGT3" 50
T(AC)8 5" TACACACACACACACAC3 51
T(CA)8 5"TCACACACACACACACA3 51
T(GA) 5 TGAGAGAGAGAGAGAGA3 50
(GACA)4 5"GACAGACAGACAGACA3’ 50
(GA)9T 5 GAGAGAGAGAGAGAGAGAT3 50

siodge o bl 5188 plosl GusY o B 3 il ly 4528 Ll o twilyly 4 50— (5, b] (sl 5L
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Figure 1. Electrophoresis of the extracted DNA samples from henna ecotypes of henna on
agarose gel
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Table 3. Analysis of variance for studied traits in 140 ecotypes of henna

S SUid (g Comd  ghw a8l S 59 S 59 Wi eli,l odlilas b i aale

Al SWi (439 4 Sy a8lw Sy plant height Degree of Source of
freedom variation
leaf dry Leaf area stem dry leaf dry
Weight/ index weight weight
stem dry
weight
1555.71*
17.71= 364.11* 1428.41* 45.321 595 1 Ssb
*
0.20%* 174.89%* 78.77* 119.50%* 739.39%* 139 o
0.14 36.04 17.21 15.62 6.93 139 Uas
27.40 22.32 29.57 22.72 2.30 CcVv
1.36 26.89 14.02 17.39 114.41 ool

7N s gdaws )3 o gime e

U (s g3 ISSR S5 (1 (Jsg0 (Slepad Ui £ oo

Table 4. Molecular indexes for 9 ISSR primers in ecotypes of date henna

Sl jasls JS s cleMbl gy S wis b sl skl
Marker PIC Polymorphic Primer
index percentage combination
28.674 3.186 60 (GTGC)4
13.26 2.210 60 (AGG)6
19.503 1.773 69 T(GA)9
21.408 3.568 60 (AG)8T
65.1 4.340 94 T(AC)8
42.702 3.882 79 T(CA)8
71.552 5.504 65 T(GA)8
93.384 5.188 90 (GACA)4
72,777 4.281 100 (GA)9T
1
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Table 5. The results of method s’Evanno in optimal K selection

K Reps Mean LnP(K)  Stdev LnP(K) Ln*(K) |ILn*(K)| Delta K
2 5 -11175.680000 0.637966 — — —

3 5 -10661.500000 1.630951 514.180000 195.680000  119.979106
4 5 -10343.000000 285.890862 318.500000 87.140000 0.304802
5 5 -9937.360000 7.002000 405.640000 131.660000 18.803200
6 5 -9663.380000 2.901207 273.980000 110.860000 38.211687
7 5 -9500.260000 48.651958 163.120000 216.840000 4.456963
8 5 -9553.980000 542.269460 -53.720000 431.200000 0.795177
9 5 -9176.500000 105.903329 377.480000 277.980000 2.624847
10 5 -9077.000000 149.506321 99.500000 — —

035 5l ol (slacuned 15 (19,0 0 S 90 (S5 E985 (o) sy 1RCUROD (i 9 (39, (S (S el )b
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Table 6. Estimated genetic variation parameters within subpopulations of henna using ISSR

markers
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Figure 2. Cluster analysis of different ecotypes of henna using morphological traits based
on Ward method
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Figure 3. Cluster analysis of different ecotypes of henna using ISSR marker based on Jacard
method
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Figure 4. Biplot diagram of the principal component analysis based on the first two
principal components in the different ecotypes of henna using ISSR marker
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