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Descriptive Assessment and Genetic Diversity of some Promising Walnut
Genotypes in Zanjan Province
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Table 1. Morphological discriptors of walnut tree, fruit and nut

Evaluation classes b j,l gl

Observed classes

ol odalive ‘5‘.@‘,’)‘5

oels J3la Y el Sl oS Jolo Slp i SS N Sl s
oS oS
Min. index Class Max. index Class Min. Frequency Max. Frequency
. class distribution class distribution
Traits ol (%) (%)
Tree vigor s A, oy Weak 5 3 Vigorous SIS 7 3 20 7 33
Type of flowering > ¢ Terminal a1 >%50 s 7 3 87 5 13
Time of leafing (Bud break) (@ 043 51 a8 50k Late 23 1 Early 353 5 3 13 5 87
Male floribondity osl g Slslp Light S 3 Heavy b5 7 3 7 7 40
Bearing class 0L ) Light s 3 Heavy SIS 7 3 7 7 40
Nut weight s 033 8.5g 1 <15.5¢g 9 2 20 9 7
Fruit shape o5 JS& Round 5501 Cordate 59 1 20 8 33
Shell texture o5 e Very Smooth Olo 1 Very Rough olal 9 1 7 5 20
Shell seal sy B Thin skl 1 Strong s 7 3 33 7 40
Shell thickness 57 Sy Sl Very Thin SHL A 1 Very thick e 9 3 40 7 27
Kernel weight 055 <35 1 >6.49 9 3 13 9 7
Lose of removal e 038 - S e Very Difficult e 1 Very Easy bt s 9 1 7 9 27
Kernel plumpness e 035 5 0l Thin Y 1 Very Plump S 9 3 47 9 7
Kernel color 735, Amber b 1 Extral Light RSN 7 1 47 5 27
Percentage of kernel e deys Very Low oS 1 Very High L5 e 9 3 13 9 13

(Anonymous, 1994)
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Table 2. List and characteristics of SSR primers used for genetic variation study among fifteen walnut genotypes

osled £ 56T oyt S5ET JIy rSea ST JIg Tt Jlast gles .

No. Primer Forward primer sequence Reverse primer sequence (bp) ©C) Reference
T WGA009 CATCAA AGCAAGCAATGGG CGCGCACATACGTAAATCAC 237-300 57 (Dangl ef al., 2005)
2 WGA004 TGT TGC ATT GAC CCA CTT GT TAA GCC AAC ATG GTA TGC CA 225-300 57 (Dangl e al., 2005)
3 WGA332 ACG TCG TTC TGC ACT CCT CT GCC/ACA GGA ACG AGT GCT 210-308 57 (Dangl et al., 2005)
4 WGA276 CTC ACT TTC TCG GCT CTT CC GGT CTT ATG TGG GCA GTC GT 167-237 60 (Dangl et al., 2005)
5 WGAI118 TGT GCT CTG ATC TGC CTC C GGG TGG GTG AAA AGT AGC AA 187-237 59 (Dangl et al., 2005)
6 WGA089 ACC CAT CTT TCA CGT GTG TG TGC CTA ATT AGC AAT TTC CA 210-257 59 (Dangl et al., 2005)
7 WGA202 CCC ATC TAC CGT TGC ACT TT GCT GGT GGT TCT ATC ATG GG 195-275 60 (Dangl et al., 2005)
8 WGA001 ATT GGA AGG GAA GGG AAATG CGC GCA CAT ACG TAA ATC AC 177-224 58 (Dangl et al., 2005)
9 WGA069 TTA GTT AGC AAA CCC ACCCG  AGA TGC ACA GAC CAA CCC TC 160-210 59 (Woeste et al., 2002)
10 WGA376 GCC CTC AAA GTG ATG AAC GT  TCA TCC ATA TTT ACCCCTTTC G  233-250 59 (Woeste et al., 2002)
11 WGA027 AACCCTACAACGCCTTGATG  TGC TCA GGC TCC ACT TCC 209-239 59 (Woeste et al., 2002)
12 WGA071 ACC CGA GAG ATTTCTGGG AT  GGA CCC AGC TCC TCT TCT CT 200-234 59 (Woeste et al., 2002)
13 WGA032 CTC GGT AAG CCACACCAATT  ACG GGC AGT GTATGC ATG TA 164-200 59 (Woeste et al., 2002)
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Table 3. Vegetative traits of walnut genotypes in Zanjan

RNt Loy Sole Loy Soys T A0l 05l Il ol S
Genotype code Growth habit Tree vigor Type of flowering Time of leafing  Male floribondity Bearing class
T12R13 03 28 s Lulgi> 23 L g S

Spreading Weak Intermediate Late Medium Light
T2R15 03 28 s Lulgi> 23 L g Lo g
Spreading Weak Intermediate Late Medium Medium
T3RR2 e;j:..f ] 100 51> S 3 Lo g L g
Spreading Weak Late Medium Medium
T4R32 e:,"—f&\:} ] Lulgi> 3 Lo g 5L
Semi spreading Weak Intermediate Late Medium Heavy
TIR39 e:,:—f‘«»_& ] Lulgi= 3 5] L g
Semi spreading Weak Intermediate Late Heavy Medium
T7R40 e;j:..f Ll Ll 3 Lo g 5L
Spreading Medium Intermediate Late Medium Heavy
T10R43 03 g8 Lol gl Lol gl 23 Lo g Lo g
Spreading Medium Intermediate Late Medium Medium
T5R44 s hass Lol g Lol g 3 5L sLj
Semi erected Medium Intermediate Late Heavy Heavy
TIRS3 03 7S das Lol gl Lol gl Lo g L5 NS
Semi spreading Medium Intermediate Medium Heavy Heavy
T8R56 03 7 s Ll gt x2 L g RS}
Semi spreading Vigorous Intermediate Late Medium Heavy
T10R56 a:):...fuf' Ll W PR Lo g sL) L g
Semi spreading Medium Intermediate Medium Heavy Mediu
T8R65 r._.E:....nw Ll W PR P sLj L g
Semi erected Medium Intermediate Late Heavy Medium
T36R67 (o 4o s# 1o 51> ol 23 ES) RS}
Semi erected Vigorous Later < 50% Late Heavy Heavy
TSR69 a:):...fuf' Ll Ll 3 Lo g L g
Semi spreading Medium Intermediate Late Medium Medium
T13R69 03 fud dad s Ly 22 S ES)
Semi spreading Vigorous Intermediate Late Light Heavy

S5 Dl e ol andllaaiolual
23 BT 85 53 3 e (S5
FN w5 Ll ol
T2RI1S slacs 554 S5 850 50 5 s
Azl oYL K5 4l T3R32
=S o S S SlsBman |5 >
odalie J S50 5 (K558 50 5oty S
S8 kel Gl 05 5 6 55 (So595)5
L alin Combge JsSge 2udIS 5 clils
pd—s J=¥s 51als O TIORS6 5 55
o355 0k s 5 b b 3 SSR sla Sl

aw yalylacs 55 (/A0 ¢Sz S R L)
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o 03 S AL (S5 e ok SIS
53 adne slaog S 55 55 S i )
g s 1B ol Sla 23S ) plS” e
(S ST gy 93 &S e uab o et
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Fig. 1. Clustering of walnut genotypes based on morphological traits using Jacard
similarity coefficient and UPGMA algorithm
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Fig. 2. Clustering of walnut genotypes based on SSR markers using Jacard similarity
coefficient and UPGMA algorithm
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Table 4. Fruit traits of walnut genotypes in Zanjan

S5 o S Y gy (e e oge 033 P
Genotype code Fruit shape Shell texture Shell seal Shell thickness Fruit weight class
25 Cle S e
TI2R13 Round Smooth Strong Thick 9.5-1049+0.12
Sl Sl L g L g
T2R15 Elliptic Smooth Medium Intermediate 9.5-1049+0.11
Sl Ll gt s$ G
T3R32 Elliptic Intermediate Strong Thick 8.5-9.49+0.21
N4 e 5 o
T4R32 Round Smooth Strong Thick 10.5-11.49 £0.14
e ole < gt
TIR39 Elliptic Smooth Strong Thin 8.5-9.49+0.12
O S ole Lo e L g
T7R40 Broad elliptic Smooth Medium Intermediate 12.15-13.49 +0.31
Sz ol s ST
T10R43 Elliptic Smooth Weak Thin 8.5-9.49+0.03
0l iS (glak ) 9> Lol g Lo g Lo g
T5R44 Long trapezoid Intermediate Medium Intermediate 9.5-10.49 £0.15
odoiS (glaz 53 ole b L e
T7R53 Long trapezoid Smooth Weak Intermediate 12.15-13.49 £0.25
8 Sl Ol L g &S
T8R56 Broad elliptic Smooth Medium Thin 9.5-10.49+£0.23
B ; W PR S5 (._:M
TI10R56 Round Intermediate Strong Thick 10.5-11.49 £0.21
O Sl ol i <S5
T8R65 Broad elliptic Smooth Weak Thin 13.5-14.49 £0.14
R S5 ole <5 Lo e
T36R67 Broad elliptic Very smooth Strong Intermediate >15.5+0.25
SFEpS ole ) gt
T8R69 Ovate Smooth Weak Thin 10.5-11.49 £0.15
e ole el <S5
T13R69 Elliptic Smooth Weak Thin 8.5-9.49+0.15

WGA332 slaoll 5 ok otalite la PT
DS 5 S5 L5 s WGA027
o= G syl Cilles (Dangel ef al., 2005)
5 Lol s adalin e JT sl Jl-
Gl 01,85 mls L Laejlpal s, 505
Slitesg Kajlstle s ol ol
Ao PTolan ol 5050 ool LY 5l el
Coma 5 534S Sl o la T sl Sl
33 el ST 35 g0 550 &S 1
23 e T sl o i Sl aalllas
Ll 3 5 o a8 s WGA276 oLl
&~ PIC el i susli WGAOT1

Ul oS s o)l gale sy slaol Kl

o 53 gL 1 A1 1,5 Sl o 4
Sl kB s b Slis 5 LoT ISl
Sl ealizal dla SLes sl il 31 S ad 50
(Expressed Sequence Tags) EST-SSR
oS oy gl 53 038 g 51 a8
s s Lol b Sl 5 el
@ LS R o s 55 IS a5
dalg 93 8 5 JsShe St Slalllas
KL 855w (Zhang et al., 2010) 4
Cdl g bl iy > eslaiwl 5540 SSR
Cam YA L Y04 o slao Il js 1y JITYY
&lm L PT i o Kle a8 olulis L

S (8 Jsdr) 590 VAP S5 0L WY
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Table 5. Kernel traits of walnut genotypes in Zanjan

S8 NS 839 oIS NEGIRE GNP S G e o)
Genotype code Weight class Lose of removal Plumpness Color Kernel percentage
olT » o250 LS s
T12R13 45-549+£0.11 Easy Plump Light amber Low
Lul g Lul g sy L g
T2R15 4.5-5.49 £0.06 Intermediate Intermediate Amber Intermediate
Lol gu> Lol gu> sy s
T3R32 45-549 £0.12 Intermediate Intermediate Amber Low
Lol gl Lol gl Shey ebsS L g
T4R32 3.5-4.49 +£0.02 Intermediate Intermediate  Light amber Intermediate
oLt 2 b L5
TIR39 3.5-4.49 +0.25 Easy Plump Amber High
oLt 2 b L5
T7R40 5.5-649+0.14 Easy Plump Amber High
OleT s A @b L5
T10R43 45-549+0.17 Very easy Plump Amber High
Lol g Lol g LS Lo g
T5R44 4.5-5.49+0.17 Intermediate Intermediate Amber Intermediate
OLT s o FE L5
T7R53 5.5-6.49 £0.15 Very easy Plump Light High
OlT S ,¢ =2 b5 ke
T8R56 4.5-5.49+0.12 Very easy Plump Light Very high
i PEPRES Sy 2l AeS Lo g
T10R56 4.5-5.49+0.23 Difficult Intermediate  Light amber Intermediate
LT s Lot gu =i 5L
T8R65 5.5-6.49 £0.23 Very easy Intermediate Amber High
ol AL xS 3L b
T36R67 >6.49 £0.36 Easy Very plump Light Very high
owT Loul s s Lo g
T8R69 45-549 £0.15 Easy Intermediate Light Intermediate
oLt 2 oo bAS sbj
T13R69 4.5-549 £0.12 Easy Plump Light amber High

o )Lal 55,5 53 Slidles S S 5 g,y iy
Lo 55 5 e Al sl S S
Sy ool bl odd S5O s
Ao )3 o 3358 3y sy
O 0> ol il Gde)s 5 o3
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Table 6. Descriptive molecular parameters of thirteen microsatellite loci in fifteen
walnut genotypes

ol Sslize PTolas W JT 5 se sl SleMb! (gl g &M}ii);ju g;‘”‘)ii)}j“’ el
leg.&ul.q- old odalive JLE.’S‘AJ}A S
Locus No. of No. of Polymorphism Observed Expected Fixation
Different effective information content heterozygosity heterozygosity  index (F)
Alleles (Na) alleles (Ne) (PIC) (Ho) (He)
WGA009 4 1.865 0.406 0.619 0.464 -0.335
WGA004 2 1.508 0.280 0.429 0.337 -0.273
WGA332 4 1.217 0.172 0.190 0.178 -0.070
WGA276 4 2.950 0.598 1.000 0.661 -0.513
WGA069 4 2.156 0.494 0.100 0.536 0.814
WGA376 2 1.690 0.324 0.000 0.408 1.000
WGA027 2 1.893 0.360 0.762 0472 -0.615
WGAO071 2 1.049 0.450 0.048 0.046 -0.024
WGA089 2 1.324 0.214 0.276 0.245 -0.167
WGAI118 2 1.930 0.365 0.429 0.482 0.111
WGA032 2 1.690 0.324 0.571 0.408 -0.400
WGA202 3 2.172 0.436 0.857 0.540 -0.588
WGAO001 4 2.056 0.475 0.333 0.514 0.351
Mean 2.846 1.808 0.346 0.433 0.407 -0.055
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(Ehteshamnia et al., 2009)
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