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825 ISSR1 (AC)8T 49.2 53
826 ISSR2 (AC)8C 53.3 53
827 ISSR3 (AC)8G 54.9 52
830 ISSR4 (TG)8G 56.1 /]
834 ISSR5 (AG)8yT 48 53
835 ISSR6 (AG)8yC 50.3 49
840 ISSR7 (GA)8YT 48 /]
841 ISSR8 (GA)8yC 50.3 53
845 ISSR9 (CM8/rG 50.3 /]
847 ISSR10 (CA)8rC 50.3 49
848 ISSR11 (CA)8IG 50.3 49
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@: As a sign of non-replication; r: represents A or G and Y: represents C or T.
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Table 3. The characteristics of retrotransposon primers used in the study

Name and direction of primer Sequence (5'— 3')
Sukkula— GATAGGGTCGCATCTTGGGCGTGAC
Nikita— CGCATTTGTTCAAGCCTAAACC
LTR6149— CTCGCTCGCCCACTACATCAACCGCGTTTATT
3'LTR— TGTTTCCCATGCGACGTTCCCCAACA
LTR6150« CTGGTTCGGCCCATGTCTATGTATCCACACACATGTA
5'LTRI« TTGCCTCTAGGGCATATTTCCAACA
5'LTR2« ATCATTCCCTCTAGGGCATAATTC
LTR7286— GGAATTCATAGCATGGATAATAAACGATTATC
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Table 4. Annealing temperature of retrotransposon primers either alone or in combinations (°C)
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Table 5. Spectrophotometric results showing the quantity and quality of genomic DNA extracted from Hyoscyamus spp
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Table 6. Marker index (MI) and polymorphic information content (PIC) of IRAP combination

Skl els s SSade DMl Ol 5 JCH AR
Premier combination Polymorphic information Marker index
3'LTR- Nikita 0.290 2.033
3'LTR-3'LTR 0.315 2.835

3'LTR-LTR6150 0.356 3.560
LTR7286- Nikita 0.268 1.073
LTR6149-LTR6149 0.434 4.344

5'LTR2-5'LTR1 0.240 2.644

Sukkula-Nikita 0.208 1.665
s 0.30 2.59
Mean

615 53 3'LTR S50 5l Jol= IRAP sle Sl ISane -) S
Figure 1. Polymorphism of IRAP markers from the 3'LTR primer in henbane

£y 5 ISSR835-LTR7286 (¢ S5l s 5 5 ;o= REMAP ols Slis JSons -Y S
Figure 2. Polymorphism of REMAP markers resulting from ISSR835-LTR7286 primer combination in henbane
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Table 7. Marker index (MI) and polymorphic information content (PIC) of REMAP combination

S5l wls 5
Premier combination

Sl jaxls
Marker index

v,l.(.&.)u;: Sl Q\J',:a
Polymorphic information

5'LTR2-1SSR835 0.369 3.329
5'LTR2-1SSR841 0.326 3.264
3'LTR-ISSR827 0.313 1.881
3'LTR-ISSR834 0.405 1.217
3'LTR-ISSR847 0.366 1.464
3'LTR-ISSR841 0.276 2.229
5'LTR1-ISSR826 0.278 2.863
5'LTR1-1SSR841 0.286 2.295
LTR7286-1SSR825 0.286 3.388
LTR7286-1SSR840 0.376 1.817
LTR7286-1SSR847 0.302 3.460
LTR7286-1SSR835 0.346 3.460
ke 0.32 2.47
Mean
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Table 9. Results of molecular variance analysis of IRAP and REMAP markers
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Abstract

Henbane has a high medicinal value due to the presence of hyoscyamine and scopolamine alkaloids.
Improving the quality and quantity of henbane alkaloids using modern breeding methods requires
evaluating the genetic diversity. The genetic diversity of henbane has been investigated using
morphological, biochemical and molecular markers in several studies and the superiority of molecular
markers over other markers has been proven. To this end, in 2018, the genetic diversity of 96 henbane
genotypes collected from the habitats of northwest Iran was investigated using IRAP and REMAP
molecular markers. For IRAP markers, out of 36 possible combinations obtained from eight LTR
primers, seven combinations had a fine and scalable amplification. In the REMAP technique, the
combination of 11 ISSR primers with eight LTR primers was used, and 12 combinations could be scored
out of 88 possible combinations. The average amount of polymorphic information for IRAP and
REMAP markers was 0.30 and 0.32, respectively, and the average marker index for these two markers
was estimated as 2.59 and 2.47. Based on these criteria, REMAP marker was more efficient than IRAP
in estimating the genetic diversity of henbane. In the analysis of molecular variance using IRAP and
REMAP markers, intra-population variability was estimated to be higher than inter-population, which
indicates the high diversity of these populations in northwestern Iran. Cluster analysis based on IRAP
marker failed to separate species and populations, but REMAP marker was able to separate H. pusillus
and H. reticulatus species to a high degree. A high shannon index in this research suggests that IRAP
and REMAP retrotransposon markers resulted in a high genetic diversity within henbane populations
with a high insertion in the genome of henbane populations.
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