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Genetic Diversity in some Plum (Prunus spp.) Cultivars Using
Morphological Characteristics and Molecular Markers
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Table 1. Plum cultivars used in this study

«5 «5

Code _Cultivar > Code Cultivar o
Cl Mashhad 4 figie C10  Noliyana LUy
C2  Gholaman sle  Cl1  KBI19
C3  Barbang &, Cl12  Ontario souT
C4  Bokharaye Mamoli Sseme gl C13  Sorsiuo Py
C5 KBI18 C14  Shiro Zard S
C6  Bokharaye Marghob oseehiss  C15  KB23
C7  Emprofrance o33, Cl16  Ren Cloud Bavi ©sbaglS oy
C8  Shiro sp  C17  Dirras-e-Seif G iy 23
C9  Ghatreh Tala Mo ks  C18  Soltane Rezaeyeh ails, ol

jﬂfrléj‘ Ls’li))‘ ‘_;\_).s oalar) S)9e &53&&&.&—* d)u\>
Table 2. Quantitative and qualitative clh_aracteristics used for evaluation of pulm
cultivars

Characteristics (Unit)

Abbreviations

Leaf: Weigh of ten leaf (g)
Leaf blade: Length (mm)
Leaf blade: Width (mm)

Leaf: Length of petiole (mm)

*Leaf blade: intensity of green color of upper side
(Ranking)

*|eaf blade: shape of base (Ranking)

*|eaf blade: angel of apex (excluding tip) (Ranking)
* Leaf blade: Length of apex (Ranking)

*Leaf blade: incisions of margin (Ranking)

*Leaf blade: undulation of margin (Ranking)

*Petiole: anthocyanin coloration of upper side
(Ranking)

Petiole :diameter (mm)
*Petiole: size of nectarines (Ranking)
Petiole: predominant number of nectarines (Number)

Leaf: ratio Length of blade Length of petiole

leaf blade :Chlorophyll (CCI)

One-year-old shoot: Length of internodes (mm)
*One-year-old shoot: number of Lenticels (Ranking)
One-year-old shoot: Thickness mid length (mm)
*Tree habit (Ranking)

*Young shoot: anthocyanin Coloration of apex during
rapid growth (Ranking)

*Young shoot: Pubescence of apex during rapid growth

(Ranking)
Tree: height (cm)

LW10

) E 1 055

LBL Gioohe) oS Jib
LBW (e gy 22
LLP (o shoo) 5 as Jsb
LBIGCU (p345 ) &gy el o &5 s
LBShB (2345)) &5 5 onsls s
LBAnA (2345,) &g &5 5 7 0 &5 slast sl
LBLA (2345, & 5 oS oS 5 sb
LBIM (2345) K, S abl
LBunDM (P45 5) gy 48l 030 sz g0 O e
PANCUp (2245) & pns e il 53T 0 K55 0o
PDia (iashe) 5 s o
PSNe (2345,) &5 a5 o (sl 5 345 5100
PNNe (348) &5 s o Sl g 348 sltad
Lb/Lp & s b 4 Sy Jpb S
LBClo (CCD Y58 oz
1YShLI o o) AL 2L 0 Sila J 5o
1YShNL (3 45) LS L ks sl
1YShTM (o o) ML a5l Loy a3 sl
THab (P245)) 530
23 Ol 43 &5 5 il 5T 03, K0 O e
YShAnA vty ey o
G,w.u);;.u)u;usj;g;ﬁ,l;@f;

YShPA
(2> 49))
THeg (e (L) 0 s

PV
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Table 2. Contineued =Y Jads> aals|
Characteristics (Unit) i (A15) Cio
Abbreviations
Tree: Periphery of Trunk (cm) TPTr (e (Ble) S y3 45 Lases
Tree: Diameter of Trunk (cm) TDiaTr (o 5lo) St ps a5 ks
TSS (%) TSS (de33) 0 gn J sloea ol 51 5o
pH PH ]
TA (%) TA (Ao 33) O gl 25 5 el
Flower: Weigh of ten Flower in papcorne stage (g) FW10P (05 05Kkl o 53 N+ 055
Flower: Diameter (mm) FDia (o o) S s
ZR';Ir?I\(Ai/ﬁg) Position of stigma relative to anthers EPSA (o3 45) JE Ssle s
* Flower: Color of petal (Ranking) FCoP (25 45) &8 K,
*Flower: Shape of petal (Ranking) FShP (2345, S8 S
* Flower: Pubescence of pistil (Ranking) FPPi (2345, S sl 02 g oS §
* Flower: petiolate Length (Ranking) FPL (23 45,y JKes sk
* Time of flowering (Date) TF G J8 plos o jo > S 5t

PCR “ili Jﬂ’“%&‘j&,f}‘@jﬁ\iw‘()y J‘y—‘“d;.&q—
Table 3. Materials, base concentration and the quantity of each one for preparing PCR

base solution

IS 5l 50 whobl aly Jlous &S5 (6l 5 3550 lde
Reaction materials Base concentration ~ Required quantity for a base
solution (ul)
Primer 5ng 15
dNTP Mix 0.2 mM 0.5
Tag DNA Polymerase 5 Unit.pl 0.2
PCR Buffer 10x 10 x 25
MgCl, 50 mM 0.9
X DNA 5 ng.pl 2.0
Injected water - 174
Mineral oil - -
Total 25
A atie Cho e bl el SPSS,\J'._A\D_SJ'L:;L&“_MerﬁijjJ}_éUA
Slaals i QH}T ol o (7 Jgus) uJia\_..d o= 2| S 0T jlas ¢L>,u‘l
wﬂuﬂu\ﬁru,!hc@uﬁdﬁu ) 035558 4 g g5 Lasla Ol ye 4 1§ e
u“";l-.’.J‘) o K\ d}-’.}) R ‘_;J..'..:oj; Sle wivl_:_.a 4.»«-:\.;.& b wbu oM |
SAS 1 33lp 5 3l e3linul L &S ey Sli ezl o 53 5 SSls gy 4 &5 el
CALU}&WEJ‘}HDTL})J“) d@ajjf)uer|d\_Aij”|j&)J/b

Z¥A
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Table 4. Specifications and connection temperature of polymorphic markers

ol Ss oS L el Slakes S sl L Slabad sl L Aoy sl dlail s Jlail ang sbes
(8) 015 2S5 (b) Js= (bla) s 5 il
ksl 5
Name Sequence Company  Total number Number of % Annealing(°c) Optimum
name of generated  polymorphic  polymorphism Annealing(°c)
fragments fragments b/a
MWG215  5- TCA-CAC-GTG-C -3 MWG 6 6 100 32 32
MWG203  5- CAC-GGC-GAG-T -3 MWG 7 6 85.7 34 34
135S 5- CCT-GGG-TGG-A -3 Sina gen 7 7 100 34 32
20S 5- TCC-GGG-TTT-G -3 Sina gen 9 9 100 32 32
MWG289  5- ATC-AAG-CTG-C -3 MWG 10 10 100 30 28
44S 5- TTA-CCC-CGG-C -3 Sina gen 11 11 100 34 33
RAPD1 5"- CCG-GCC-TTA-G -3 Bebaten 11 11 100 34 32
MW3024 5- TGG-GCT-CGC-T -3 Fermentaz 11 11 100 34 36
MWG213  5- CAG-CGA-ACT-A -3 MWG 14 14 100 30 32
39S 5-TTA-ACC-GGG-C -3 Sina gen 15 15 100 32 30
MWG208  5- ACG-GCC-GAC-C -3 MWG 15 15 100 34 34
MWGM12 5- GGG-ACG-TTG-G -3 MWG 15 15 100 34 34
MWG283  5- CGG-CCA-CCG-T -3 MWG 16 16 100 34 32
MWGd7 5- TTG-GCA-CGG-G -3 MWG 18 18 100 34 34
MWG285  5- GGG-CGA-CTA-G -3 MWG 19 19 100 34 36

$¥4
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Table 5. Termocycler program

al> 0 Syl o dm s ol IS sl
Stage  Temperature(°c) Time Cycle  Action type b ¢
1 94 4 1 Strand Separation DNA w55 0 5L
94 1 Denaturation slas, SGDNA
2 Depends on primer 1 35 Primer Annealing ol Jlas!
72 2" 10s Primer Extension ORI IR NS
3 72 5 1 Extension Completion Ly oS5

L eSO bl b 5 ¢SO el )b Slaws ol
lmesls . & 4 wl>s SPSS )|J'__é1rj__3
I TIE A PN W [ G SRR PR
ESaST L oS el (slmosls 5 O gy
J)&ﬂ‘)k&@))}_&)éduﬂdbﬁ
(r=+0/58) TSS 5 (r=+0/55) pH /2 ko
.M;\nggﬁb&&gﬂh O b
Lza ch)bgs_i_LJﬂ.ﬂbl;_:UQu_.pb)}_ﬁjb
ESwde sl b asls &S g ilow 5T Ol e
e Stses (1= 0/66) dlwesST a L
ol oSl LS 4 aalsl G . sls Olis
Oliw Side 53 55 pls,l G Llg) 4 alis

USSP S A B A HP RO WA R
oo s Fgdon 035 il ol el
NelS™ S by Sl 5 sl
d,_waq_g;)}wwjb.x:ﬁ&ﬂé;araj
edin ¢S5 2Ll Sl wlwl p odsT
w&jwjb)‘ éi:{ﬁ}}i)bﬂvé)«f;;
Sslize o 3 LS @S bt Sl
53l 5 G b 3 s Jole i Ay
) o3 el STl 5l &SSS L SPSS

3,5 pabeion s Ak plasil B3las Sl
&S5 byl Sliw 45 s ol o sl &S
! 3 Ol e 53 13 e ) mla
oslaul (gylalisls s 5 4 o 55 Slaws
EQ AL Dl g ity 4 oS
Srealial U 5 SAS i35l 5l eslizal L
e b 03T 5 ety Sy ST 0 e T
ool Laesls Mt O g cailn 50 5T)
(25 8 51,3518 sle Sl ke 51 el
elad 05037 ol s ol s sl
gl 53 S I8 S o AS Sliw
Sl adS” LI ped 4 (il Hls sae 7\
PRGN U R TP Rt
3550 GobT Gla o 5 4 52 (6 (sbny
Az 515 eslinul
Gl S &S5 i 4 S 0T
Ol 53 5540 55 (630354 a8 s el
O e a3 5 Ola) O e el 0 ge
S K Dlao l eslinul b 10 el 4 5a
Cio 0T L VU s sine (Soan (51,3
WJ:;),»@\)QWQT;M@M
St b ol gl 0,8 (5,5 o1
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Table 6. Mean comparison of parametric characteristics in plum cultivars

Cultivar e, Lblp PDia PNNe LLP LBW LBL

Mashhad4 f-4eis  508ab 1.3b 2.59ac 14.19df  36.31bd 82.25a

Gholaman oL 3.53g 0.99de 1.48fh 19.06ab  30.35ef 65.19df
Barbang &£, 6.6a 0.98df 2.37ad 8.91i 23.85g 55.71fh
Bokharay Mamoli Syl 4.72cf 1.07cd 1.3h 15.66¢d 30.99df 71.1be

KB18 3.58g 0.9df6 1.52fh 18.57ab  30.19ef 64.48ef
Bokharay Marghob < rsbib 4.06eg 1.2bc 1.11h 19.95a 36.99bc 79.32ab
Emprofrance oAl 5,03cd 0.9df 2.74a 11.88gh  25.79fg 58.67fg
Shiro 2% 4.8ce 0.94df 1.11h 13.31eg 29.61ef 62.6ef

Ghatreh Tala Mook 4.55¢cf 0.93df 2.7ab 12.57eh  30.36ef 56.19fh
Noliyana s 6.42a 1.32b 2.07ce 11.73gh  44.01a 74.16ad
KB19 4.47df 0.86ef 2.19be 14.42de<~  32.21bd 63.24ef
Ontario 28T 3.95fg 1.55a 2.19be  17.54bc . 39.33ab 68.55ce
Sorsiuo s 4.5df 0.97df 1.74eg 12.01fh 21.669 53.17gh
Shiro Zard 25s2  5.3bc7 0.95df 1.7¢eg 11.01h 25.99fg 57.75fg
KB23 3.92fg 0.8f 1.41fh 13.04eh ~ 23.03g 49.73gh
Ren Cloud Bavi b8 0, 5.21cd 1.52a 1.93df 14.65de  38.25b 75.73ac
Dir rase Sife e oz 3.93fg 0.86ef 1.0h 12.52eh  29.8ef 47.69h

Soltane Rezaeyeh wlo,oll.  4.86¢ce 0.8ef 1.07h 10.85hi 31.77hbd 51.25gh

EY-RYCU | J‘,.\?Q(QI)WI)QL&A(U@ﬂj\ J‘gv\?@(ﬁ)\rb’élﬁ
For name of cultivars see Table 1 and for name of characteristics (abbrevations) see Table 2.

Table 6. Continued —7 J gl aals|
Cultivar > LW10 FW10P  1YShLI 1YShTM FDia LBClo
Mashhad4 f-4eis 4.93bc 0.02df  14.88be 3.97bc 24.79ab  27.02ab
Gholaman olske  ©2.68eh 0.02ab  21.33a 3.65hd 21.27dg  14.58fi
Barbang &y, 2.02gh 0.02eg  15.73hd 3.90bd 24.77ab  18.58df
Bokharay Mamoli Sl 2.94dh 0.03a 19.26ab 4.86b 24.90a 17.47eg
KB18 3.53df 0.02bc  12.98cf 3.86hd 22.42af 19.47df
Bokharay Marghob <+ s 3.63de 0.02bd  14.57be 3.16¢d 20.95eg 21.54ce
Emprofrance oA 2.33fh 0.01h 9.22fg 3.43bd 20.58fg 18.62df
Shiro a2 2.35fh 0.01gh 9.68fg 3.46hd 23.90ac  11.48hi
Ghatreh Tala Moo ki 2.67eh 0.01h 10.89dg 2.46d 24.15ac 15.62fh
Noliyana tWs  6.92a 0.03a 12.58cf 3.42hd 23.62ad  21.53ce
KB19 4.06¢d 0.01h 14.66be 3.48bd 17.76h 23.33bd
Ontario 28T 5.93ab 0.02a 11.98cf 3.80bd 21.71cg  28.96a
Sorsiuo =5+ 2.62eh 0.02eg  10.11eg 3.68hd 21.17eg  15.59fh
Shiro Zard >592%  151h 0.02ce  10.59%eg 7.46a 23.07ae 16.37fg
KB23 1.54h 0.02fh  14.81be 3.43bd 20.00fh 10.67i
Ren Cloud Bavi ssba5 0, 5.62b 0.03a 15.87bc 3.84hd 19.86gh  24.82ac
Dir rase Sife G 23 1.96gh 0.02gh 6.83g 3.35cd 22.39bf 17.08eg

Soltane Rezaeyeh wlo, okl 227gh 0.02bc  13.49cf 3.53hd 24.21ab  12.78gi

Sshanl e ¥ J}J?Q(QIJL‘A.:;\)QW(U@J{;\ J;w\?@(\é)\rb";\ﬁ
For name of cultivars see Table 1 and for name of characteristics (abbrevations) see Table 2.
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Table 7. Grouping of plum cultivars based on morphological characteristics and
results of Duncan's multiple range test at 5% probability level
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For name of characteristics (abbreviations) see Table 2.
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Table 8. Eigen values and variance effective factors for all characters in this study

Joe IS ey polae Aoy dos s palie il oS bl Lo

Factor  Eigen values  Variance of Eigen values (%)  Cumulative variance (%)

1 8.332 24.506 24.506

2 5.085 14.955 39.461

3 3.667 10.785 50.245

4 3.177 9.343 59.588

5 2.808 8.26 67.848

6 3.343 6.893 74.741

7 2.151 6.328 81.068

8 1.636 4.812 85.88
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Fig. 1. Dendrogram of plum cultivars based on morphological characters with Ward

method

For name of cultivars (c1-c18) see Table 1.

C3lie 0/58 5 0/15 1 S5 alis amels s

cjj_(uf&_:O/26 waujé(ﬁuj|jéﬁ
ru)‘&ud}\%f‘,uum_aw|

7ov

)‘ ob\.&.’l..w‘ \_s UPGMA ‘_;v}) 9 ))\S\? ML&J
A Lol NTsys (ver.2.02e) 3l =

Pl odeT s 4y DS el (Y JSC5)


www.SID.ir

WA Lo oF ojled YASY Al " 3y 9 g (S81 54 dlsx”

.
v i
I—l..' l-_p.\\‘:
. - -
o3 EB1E

s skl oy

e St

[ | 1 iy

= s ek

= L

—— KBI1g

= EB23

1Bt il

-n LLSy

| | 1 w k]
S sl

&1 et | i

: . . . . , . . . . .
['FE] s 847

Coeffictent

sl 0
ol ol 14

o4 anllas s se o oIT o)l & by o RAPD ‘5u;)u‘5ua>u5|y\>¢|5},u>—wd§.:

) UPGMA )
Fig. 2 .UPGMA dendrogram of plum cultivars based on RAPD Primers

For name of cultivars (c1-c18) see Table 1.
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