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from North of Iran Using Morphological and Molecular Markers
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Fig. 1: Dendrogram of cluster analysis of morphological data for asparagus accessions from Mazandaran using Ward
method (Number of accessions is based on Table 2)
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Table 1: Geoghraphical situation and climate conditions of regions gathered asparagus accession from Mazandaran
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Ralative Annual mean Annual minimum Annual maximum Annual Latitude Longitude Altitude"zm) code Studied regions
humidity (%) temperature (°C) Absolute temperature (°C)  Absolute temperature (°C)  precipitation (mm)  (Degree-minute) (Degree-minute)
64 21.7 -25 36 578 36-53 52-12 1643 G S5
Gazanak
56 9.8 -16 34 205 36-11 52-4 1665 B B TA: h
aladel
74 155 -1 375 1088 36-25 52-21 10 M y :1““9‘:“; ;
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Fig. 2: List of studied accessions of asparagus from Mazandaran
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No. of studied accessions Species Region of collection
Gl G26 (8>3 A. officinalis 58
""" A. officinalis (wild) Gazanak
Bl.. B8 (>4 A officinalis oaly
A. officinalis (wild) Baladeh
ML, Ml (s2>9) A. officinalis oblsgesme
A. officinalis (wild) Mahmoudabad
U350, U2 (é:cal-) A.-offlcmalls,- é)l...u
A. officinalis (domestic) Sari

VAY



o g2 )lo sroogl (S g9 (2L

Ol (o9 a9z le slrosgs (39068 90 Dlho (Swan ¥ Jouxr
Table 3: Correlation of morphological traits of asparagus accessions from Mazandaran

F Nfd Nfm Df Lf Dbs Lbs Bs Ds Ls Ns Hbp L2 L1 D2 D1 Dp R2 R1 n2 nl hp h Cn

1 Cn

1 0.32 h

1 0.30" 0.62 hp

1 -0.07 0.50™ -0.32 nl

1 0.64™ 0.08 0.47™ 0.24 n2

1 0.01 0.04 0.13 0.18 -0.14 R1

1 0.80™  -0.15 0.03 0.14 0.11 -0.15 R2

1 -0.09 -0.03 0.16 0.18 -0.10 0.47™ -0.08 Dp

1 0.52" -0.06 0.01 0.23 0.02 0.15 0.60™ 0.29" D1

1 0.21 0.10 0.04 0.05 -0.21 -0.35 0.04 0.11 -0.08 D2

1 -0.11 0.17 0.03 -0.03 -0.12 0.28 0.10 0.19 0.23 0.30" L1

1 0.91™  -0.07 0.23 0.12 0.16 0.27 0.22 0.07 0.09 0.24 0.32" L2
1 0.21 0.26 -0.14 0.33" -0.14 0.03 -0.05 0.13 0.11 0.65™ 0.35™ 0.07 Hbp

1 -0.06 0.18 0.24 -0.06 0.02 -0.12 -0.03 -0.09 0.16 -0.04 0.05 0.02- 0.08 Ns

1 -0.17 0.18 -0.03 0.01 0.03 0.41™ 0.11 0.08 0.14 0.13 0.12 -0.12 0.16 0.01 Ls

1 -0.07 -0.08 0.09 -0.08 -0.15 0.03 0.32" 0.53" -0.10 0.14 0.15 -0.01 0.20 0.21 -0.08 Ds

1 0.02 0.60™ -0.12 0.23 0.02 0.03 -0.07 0.27 0.21 0.02 0.01 0.14 0.38™ -0.04 0.33" -0.17 Bs

1 0.17 0.12 0.37" 0.05 0.01 0.06 0.02 0.24 0.22 0.33" 0.04 0.01 0.16 0.11 0.06 0.10 -0.10 Lbs
1 0.20 -0.01 0.95™ -0.11 -0.02 0.11 -0.08 -0.11 0.04 0.30" 0.52" -0.02 -0.07 0.17 0.04 0.26 0.24 -0.06 Dbs

1 0.16 0.23 0.07 0.17 -0.10 0.15 0.15 0.11 0.06 -0.05 0.19 0.25 -0.26 -0.16  0.43" 0.24 0.06 0.12 -0.10 Lf

1 0.63™ 0.33" 0.41 0.25 0.36 0.06 0.25 0.16 0.12 0.09 -0.04 0.24 0.31 -0.10 0 0.41™ 0.27 0.21 0.31" -0.10 Df
1 0.21 0.32 -0.01 0.01 0.27 0.02 -0.07 -0.04 -0.14 0.24 0.14 -0.05 -0.02 0.44™ -0.08 -0.04 0.07 0.38™ 0.12- 0.19 -0.32" Nfm

1 0.41™ 0.14 0.21 0.07 -0.07 0.14 -0.01 0.01 0.03 0.06 0.16 0.26 -0.02 0.23 0.30™ 0.18 0.12 0.39™ 0.42™ 0.01 0.48™ -0.01 Nfd

1 -0.07 -0.01 0.01 0.17 -0.11 0.19 -0.06 0.02- 0.27 0.21 -0.13 -0.14 -0.15 0 0.17 0.16 -0.06 0.02 0.07 -0.10 0.23- -0.11 -0.13 F

**r=1%, *: 1 =5%
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Cn: Cladode number, h: Plant height (cm), hp: Height to frist panicule branch (cm), n1: Branch number 1, n2: Branch number 2, R1: Distance to branch number 1 (cm), R2: Distance to branch number 2 (cm), Dp: Diameter of the main
stem below the first panicule branch (cm), D1: Shoot diameter number 1 (cm), D2: Shoot diameter number 2 (cm), L1: Shoot length number 1 (cm), L2: Shoot length number 2 (cm), Hbp: Scale number to the first panicule branch, Ns:

Spear number, Ls: Spear length, Ds: Spear diameter (cm), Bs: Scale number on spear, Lsh: Scale length on spear (cm), Dsb: Scale width on spear (cm), Lf: Flower length (cm), Df: Flower width (cm), Nfm: Flower number on main stem,
Nfd: Flower number in lateral stem, F: Flowering time
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Table 4: Results of factor analysis, cumulative variance percentage, and Eigin values using factor rotation with Varimax
method

1

b ele

Eigen vectors

80.13 7249 6442 5634 4796 3925 30.19 2111

1.83 193 193 2011 2062 2174 217 227

0.92

091

0.89

0.74

0.58

0.83

80.13 7249 6442 5634 4796 3925 30.19 2111

1.83 1.93 193 2011 2062 2174 217 2.27

-0.68

0.92

0.90

0.90

0.84

0.66

0.64

0.62

0.81

-0.73

11.65

2.79

0.93

0.92

0.64

11.65

2.79
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Cumulative proportion of variation (%)
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Eigen values
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Width of spear scale

Spear diameter
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Stem diameter under panicule branch
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Table 5: Used primers and replicated segments in RAPD analysis of asparagus accessions from Mazandaran

(Qo,0) IS JSCoais aakad olass axlad oloss Sl )f)'LéT o Loy
Polymorphism (%) Polymorphism segment number Segment number Sequence Primer No.
85.7 6 7 GTGCGAGAC TIBM BAO3 1
100 4 4 CCACGCATCA TIBM BA16 2
100 9 9 GGGCCGAACA TIBM BB05 3
100 5 5 GAAGGCTGGG TIBM BB07 4
100 8 8 AACGTCGAGG TIBM BC10 5
100 8 6 GGTCCGACGA TIBM BC14 6
100 6 6 GTGCGGAGAG TIBM BDO05 7
100 5 5 TGTGCCTGAC TIBM BDO07 8
100 6 6 AAGCGGCCCT TIBM BE06 9
100 10 10 GGGAAGCGT TIBM BEO8 10
100 4 4 GGGTAACGCC TIBM BE10 11
100 5 5 CTCCACGACT TIBM BE16 12
100 6 6 AGGCCAACAG TIBM BE19 13
83.3 5 6 CAAAGGCGTG TIBM BE20 14
100 5 5 AAGCCTCGTC OPC13 15
100 6 6 CTACTGCCGT OPE 17 16
100 4 4 CAGCTCACGA OPG12 17
- 102 104 . ) S
Total
98.11 6 6.11 - - Sk
Mean
ol S35 ailate slooss 3)9e 53 a5 Wiy sl Loges o g gl
32 SE el 7,5 oyl ) 09 S wgmne 9550 S239s8 90 Wlao b5l
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Evaluation of Genetic Diversity of Asparagus (Asparagus officinalis L.) Accessions
from Mazandaran Province Using Morphological Traits and RAPD Molecular Marker

Hasandokht'*, M. R., Ahi?, M. J. and Ghelichnia3, H.

Abstract

In this study genetic diversity of 48 asparagus accessions from Mazandaran province was evaluated using 24
morphological characteristics and 35 accessions using Random Amplified Polymorphism DNA (RAPD) molecular
marker. Based on factor analysis, nine main factors explained 80 percentage of total variation and spear characters were
more effective in accessions classification. Based on cluster analysis of studied morphological traits accessions divided
into two main groups. Seventeen out of 90 primers could produced sharp and evaluable bands and the amount of
polymorphism was 98.11%. Based on cluster analysis of RAPD analysis using unweighed pair group method with
artithemtical average (UPGMA) method, accessions were classified into seven groups at 0.42 of similarity coefficient
and asparagus accessions from Mazandaran were separated from Mary Washington UC350 cultivar, A. persicus and
Taleghan accession. In this research, using morphological traits and RAPD marker, Mary Washington UC350 cultivar
was separated from asparagus accessions from Mazandaran.
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