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Table 1- Acid lime samples used in morphological analysis

Higes 5 . . e ol W90 5 ‘ . e ol
Plant e oU Ssglaen Joo S ot eeel slees Joo _—
Local name Location Scientific Local name Location Scientific
codes name codes name
D1 4 9o =02 Citrussp.  M1-13 ol m Citrus sp.
Feri lime Drab Unknown Minab
D2 S 9od 2 Citrussp.  M1-14 il - Citrus sp.
Bakrai lime Drab Unknown Minab
D3 ot =hb Citrus sp. M2-2 ol o) Citrus sp.
Unknown Drab Unknown Rudan
D4 el S Citrus sp. M2-8 el ok, Citrus sp.
Unknown Drab Unknown Rudan
D5 bl ’“J 9 Citrus sp. M2-10 el by, Citrus sp.
Four season lime Drab Unknown Rudan
S o) : L3b Sy :
D6 5~ 9 Citrus sp. M4-2 el - Citrus sp.
Rock lemon Drab Unknown Senderk
= olyl . . _
D7 S 9o = Citrus sp. M5-1 ol o Citrus sp.
Cucumber lime Drab Unknown Jaghin
MAS5 B olege O Citrus sp. M5-2 ol O Citrus sp.
Manojan 5 Manojan Unknown Jaghin
5 ol 4o . S | . -
MAG uERe UEre Citrus sp. S1 Y o s Citrus aurantifolia
Manojan 6 Manojan Mexican lime Ramsar
Y s 4o . . | . .
MA7 uEe UEre Citrus sp. S2 s g0 s Citrus x limon
Manojan 7 Manojan Lisbon lemon Ramsar
Al e &5))5L-“’JL°")‘ |
MAS e o= Citrus sp. S3 Siavaraz 7 C. sinensis
Manojan 8 Manojan Ramsar
sweet orange
MA9 ‘\“Jl?_’“ "Jl?’f‘ Citrus sp. S5 o9l S resly Citrus jambhiri
Manojan 9 Manojan Rough lemon Ramsar
Voo olag -l . & . | .
MAL10 s o Citrus sp. S6 Lo ol rE C. grandis
Manojan 10 Manojan Pummelo Ramsar
M1-1 Y by ‘_L"A Citrus sp. s7 w2 o s Citrus x latifolia
Rudan lime Minab Persian lime Ramsar
s ol ) <. | .
M1-10 ol ‘_L"A Citrus sp. S10 b T C. medica
Unknown Minab Citron Ramsar
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Figure 1- Collection sites of the studied samples of lime genotypes (Citrus aurantifolia) (1= Darab (54.53E, 28.75N), 2=
Manojan (57.49E, 27.40N), 3= Minab (57.07E, 27.14N) and 4= Ramsar (50.64E, 36.92N)
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1- Simple Matching Coefficient
2- Principal component analysis (PCA)
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Table 2- Investigated morphological characters of lime genotypes (Citrus aurantifolia)

Gad, Olee G, Ole <3, Ole
Row Characteristics Row Characteristics Row Characteristics
1 CE ) gy ole 15 SlpssS sl 29 (s2l) oo S
Tree growth habit Petiole wing width Albedo colour
Branch angle Petiole wing shape Fruit stylar end
3 Hbesp I 17 g0 JSb 31 ogs0 yB 4D 0y i
Tree shape Fruit shape Number of segments per fruit
Sl S, g 0255 S5 S 2 oy 0> (S
4 : 18 . 32 Adherence of segment walls to each
Shoot tip color Shape of fruit base other
Spine density on adult tree Shape of fruit apex Thickness of segment walls
6 é“ JS“" 20 094 (U)K"fl) Cewgy &) 34 0gu0 )g>ro
Spine shape Fruit skin (epicarp) colour Fruit axis
7 M Jﬁ,\j 21 0940 619‘“" 23 Sy el 35 (“"Jl’:) ““"5? &)
Leaf lamina shape Width of epicarp at equatorial area Pulp (flesh) colour
8 Sigg 4l 22 0952 )9 36 CudeS
leaf lamina margin Fruit weight Pulp firmness
9 SpSy 23 ogee Jsb 37 by e Job
leaf apex Fruit length Vesicle length
10 ‘—g"‘ed J}]o 24 090 )‘Iﬂs 38 090 B )3 )'3'-’ Sl Ja"“?“"
Leaf lamina length Fruit diameter Average number of seeds per fruit
11 Lg“'&%L)D)‘f' 25 °9“’)J°54’J9]°M 39 )'”ulg“:’
Leaf lamina width Ratio fruit length/ diameter Seed shape
12 Sl 26 g oy o L 40 7 gl
Ratio leaf lamina .
: Fruit surface texture Seed surface
length/width
55 4 (20593 il St
13 S e Jsb 27 (22855) 41 N
Petiole length Adherence of albedo (mesocarp) to Seed colour
pulp (endocarp)
S )lgdgS Cond e ad)
14 S955° Cundy 28 Nature (conspicuousness) of oil
Petiole condition glands
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1- simple matching coefficient
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Figure 2- Dendrogram of 30 citrus samples using morphological markers based on UPGMA
(Sample code are based on Table 1)
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Table 5- Results of principal component analysis (PCA) according to morphological properties of the studied samples of lime

ghenotypes
. adgo )
. omponent
Traits 1 2 3 2 5 6 7 8 9 10
CS 0 gldy cole
. -0.04 0.23 0.17 025 -002 0.08 -002 -004 019 -0.21
Tree growth habit
L5 4l;
013 -009 006 -009 -0.15 0.02 0.25 0.45 0.04 -0.21
Branch angle
sy g 011 -011 -023 016 -0.02 002 -016 -011 -0.19 -0.06
Tree shape
bu’“_{?&) 0.20 009 -012 -010 0.03 -0.02 -017 -0.20 0.20 0.08
Shoot tip color
Auedp ety 006 012 -010 014 -003 033 -014 040 -009 0.30
Spine density on adult tree
&ng 0.04 019 -0.20 0.07 -0.08 033 -002 0.34 0.12  -0.08
Spine shape
MJ&“ 0.09 -0.20 0.15 014 -020 -0.03 -016 0.16 -0.18 -0.02
Leaf lamina shape
MMB . 008 -0.03 -013 -0.15 0.38 0.06 009 -014 -006 031
Leaf lamina margin
SrSy 009 -018 -025 0.02 -0.22 -0.05 -015 -0.03 0.13 -0.36
Leaf apex
%J’b 0.26 010 -013 -009 0.07 -0.09 0.00 0.06 0.25 0.07
Leaf lamina length
&P"_"é’;_ 0.30 0.10 -0.07 -0.01 -0.04 -0.06 -0.03 0.00 0.10 0.06
Leaf lamina width
(S 022 e b Sl 011 003 -013 -022 028 -001 028 024 016 0.00
Ratio leaf lamina length/width
;’”D&b 0.28 0.16 -0.03 000 -0.07 0.01 0.11 002 -011 -0.04
Petiole length
5_)'5‘5’5 ’ -0.02 0.17 0.09 0.33 0.04 0.04 023 -002 -0.14 -0.11
Petiole condition
_J’l"z’_fdu"j 0.26 0.16 003 -003 -001 -0.07 0.17 001 -012 -0.03
Petiole wing width
_‘S’I’”;’_SJS“Z -008 -015 -022 010 -0.05 -0.16 0.05 010 -0.09 011
Petiole wing shape
°’f“‘)§“3 006 -020 -0.03 0.35 0.21 0.13 -0.05 0.00 0.28 0.00
Fruit shape
o 0208 JSb 007 -006 -012 -025 -010 -038 -0.29 023 0.05 -0.04
Shape of fruit base
o9y S5 002 -016 005 -0.19 0.17 0.25 0.16 -0.05 -023 -0.44

Shape of fruit apex



FOV ¥ slocuish) & Subif £ oy 61y oIl (S 9led 90 sl 5oL

o5 Cawgy )
Fruit skin colour
ogs0 (Slgwl )d Cawgy Cuolius
Width of epicarp at equatorial area
o9 09
Fruit weight
ogee Jsb
Fruit length
ogee sla
Fruit diameter
ogen s 0 Jgb o
Ratio fruit length/ diameter
Fruit surface texture
CubeS &4 gadl (Sis
Adherence of albedo to pulp
TP e Tedg
Nature (conspicuousness) of oil glands
(93l) il S5,
Albedo colour
ogee dols 4y 035 (slacs!
Fruit stylar end
0ga0 & 4D 0y iy
Number of segments per fruit
PS4 oy 055 (Sdpr
Adherence of segment walls to each other
o5 yg7e
Fruit axis
l.bb)i 0)19{) wL’?ho
Thickness of segment walls
S )
Pulp (flesh) colour
cuseS iy
Pulp firmness
by gbans b
Vesicle length
ogs0 y2 13 1 3l bawgie
Average number of seeds per fruit
S g5
Seed shape
s s
Seed surface
e S,
Seed colour
ojg polie
Eigen value
bl
Variance (%)
u;.c?o oy
Cumilative (%)

008 -019 028 -014 021
0.30 0.10 0.05 0.04 0.02
0.31 0.09 0.00 0.01 0.02
0.30 003 -0.04 0.07 0.13
031 -0.01 0.08 0.04 0.10
-0.03 0.08 -034 011 0.07
009 -005 013 0.17  -0.09
0.05 0.24 0.17 -0.09 -0.19
007 -003 001 -0.02 0.01
-0.05 0.07 005 -0.04 -0.25
0.13 014 -0.10 0.05 -0.29
0.20 0.06 014 -0.04 014
008 -002 014 -0.3¢4 -0.06
000 -002 -011 0.25 0.42
0.21 0.02 0.09 0.09 0.02
-0.03 0.14 035 -0.03 0.27
-0.13  0.18 0.27 0.27 0.04
011 -013 -0.23 0.19 0.06
-0.06  0.29 0.04 011 -0.01
011 -032 0.16 0.11  -0.07
010 -032 0.16 0.11  -0.08
010 -032 0.15 0.11 -0.08
9.40 6.00 4.14 3.05 2.70
2292 1464 1011 7.45 6.60
2292 3755 4766 5511 61.70

-0.15

-0.04

-0.03

0.00

-0.02

0.09

-0.31

0.20

0.36

0.01

-0.04

0.16

0.32

-0.08

-0.04

-0.12

-0.05

0.04

-0.15

0.10

0.11

0.11

2.16

5.28

66.98

-0.09

0.05

0.07

-0.03

-0.02

0.07

0.03

-0.12

-0.44

0.27

0.22

-0.20

0.20

0.03

-0.03

-0.05

-0.04

0.23

0.02

0.10

0.11

0.11

1.86

4.53

71.51

0.01

0.05

0.00

0.05

0.06

-0.07

0.33

-0.13

-0.03

-0.15

-0.24

0.08

0.10

0.08

-0.21

0.01

0.07

-0.01

0.03

-0.05

-0.04

-0.04

1.67

4.08

75.59

0.12

0.07

-0.06

0.05

-0.07

0.42

-0.08

0.00

-0.16

-0.03

0.04

-0.03

0.02

-0.17

-0.17

0.06

0.16

-0.31

0.00

0.19

0.19

0.18

1.42

3.46

79.05

-0.02

0.03

0.00

-0.05

-0.02

-0.08

0.15

-0.04

0.13

0.28

-0.05

0.01

0.07

-0.04

-0.05

-0.05

-0.17

0.03

0.32

0.14

0.16

0.16

1.22

2.98

82.03
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(Sample code are based on Table 1)
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Introduction: Citrus fruits are the most common semi-tropical crops in the world. Acid lime (Citrus
aurantifolia Swingle) is an important commercial fruit crop, cultivated in the south of Iran. High variation of
acid lime fruits is observed in the south of Iran due to crossing within the other citrus species and frequent bud
mutation. Recently, Witch’s Broom Disease of Lime (WBDL) become a major limiting factor for lime
production in the South of Iran as well as the main threating factor for lime industry in Iran. Having knowledge
about the genetic of this plant is helpful for designing citrus breeding program. Therefore, in this research
morphological traits were used to understand the genetic relationships and diversity of this gene pool.

Materials and Methods: Thirty citrus samples, including 23 undefined local and native genotypes and seven
known cultivars were collected from four regions in Iran (Darab (54.53E, 28.75N), Manojan (57.49E, 27.40N),
Minab (57.07E, 27.14N) and Ramsar (50.64E, 36.92N)). Forty-one (32 qualitative and nine quantitative) traits
were investigated using leaves, fruits and seeds. The selection of morphological traits were made based on
IPGRI descriptors. The similarity was calculated by simple matching coefficient and dendrogram was designed
based on UPGMA algorithms. Principal components analysis was performed.

Results and Discussion: Genetic diversity of 23 lime genotypes and seven commercial cultivars were
investigated by using 41 morphological characters. Based on gained data similarity matrix (Jaccard, Dice and
Simple maching) were calculated and dendrogram based on UPGMA algorithms were designed. To finding
better similarity coefficient, cophenetic test was done, it showed that if used SM coefficient 79 percent of data of
similarity matrix was shown in designed cluster based on UPGMA algorithm. According to results, range of
similarity was between 0.141 until 0.683. Maximum similarity was observed between two lime cultivars (Persian
lime and Mexican lime). Average of similarity was calculated 0.39. In cluster analyses of studied samples at 32
level of similarity samples were divided into four main groups. First group has only one member and it was
pomelo, as it is one of the ancestors of citrus fruits, this is quite acceptable. The notable point for second main
group that it included all examined samples of Minab. As in this region most of cultivated citrus are lime, there
is little gene mixing with other citrus. The third group consist of two cultivars sweet orange and Citon that
intended in present investigation. Fourth group which was the biggest created groups that included more than
half the samples (56%) was more complex because it consists of samples of limes and lemons that intended in
investigation as control and samples of Darab and Manojan. This main group at level of 0.38 divided into three
sub-groups, at first, Lisbon lemon was separated from other samples and next Manojan samples created their
special sub-group and finally third sub-group which consist of 11 members (samples of Darab, MA6 from
Manojan and three commercial cultivars, Persian lime, Mexican lime and Rough lemon). Principle Component
Analysis (PCA) showed the first five principal components, which contributed 59.01% of the total variability of
investigated samples. Maximum variability was contributed by the first component (22.77%) followed by the
second component (12.54%), and the third component (9.85%). A two-dimensional plot (2D plot) generated
from PCA showed three groups. This grouping was roughly in line with the distribution of the samples in the
resulting cluster analysis based on SM coefficient and UPGMA algorithm. Principle Component Analysis using
41 descriptors showed that 26 of 41 descriptors were informative and contributes significantly to the variation
present in the germplasm.

Conclusion: This study described and estimated the extent of phenotypic variation present among the
samples of limes from Iran germplasm. Morphological analyses among 23 genotypes and seven commercial
cultivars from four regions of Iran were successfully used to calculate genetic diversity and genetic relationships.
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According to our results, it was confirmed that morphological analyses in limes and other Citrus species were
exploit to determine genetic diversity and relationship, successfully. Characterization by using morphological
descriptors based on 41 characters, revealed significant diversity in traits of leaf, fruit and seed. This
investigation display the use of morphological characters to study genetic diversity of Iranian lime genotypes
from four different regions that their relationships were somewhat clarified. The results of this study also opened
a door to tackle the long standing problem of citrus classification and identification in Iran. But, we suggest that
this type of study needs to be continued due to Iran has a very large and numerous citrus germplasm. In south
and central regions of Iran, it is being propagated by seed which gives researchers a chance to find new
genotypes that need to be classified, investigated and introduced as a new cultivar.
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