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Table 1- The Avena sativa genotypes that have been used in current study.
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Table 2- Descriptive statistics for traits in this study for Avena sativa genotypes.

Ol i il Sl Sl oSle golal cwdle Cdhoo
Rang Maximum Minimum Mean Abbreviation
26.17 77.50 51.33 62.7 NGPS Number of grains per spike aliw ;s «ls slis
19.2 33.73 1453 23.34 FLA Flag leaf area o ; S c~Lows
19.54 67.27 41.73 60.34 HCFL Height of the crown to flag leaf o S b &b 5l ¢lis)|
19.96 57.87 37.91 47.32 SPAD 50F SPAD (in 50% flowering stage) (_ss <& 5% 1,5 50 als s 3) sl
10.20 70 59.80 64.49 SPAD 100F SPAD (in 100% flowering (s 42 s dsys 100 s s 3) sl
stage)
28.52 30.74 2.214 2.626 HGW Hundred grain weight  «1> 100 o,
11.07 22.98 11.91 17.74 YPP Yield per plant < 5 5 5 Shes
4.27 11.47 7.20 9.15 PL Peduncle length Sl J b
5.73 23 17.27 20.11 PLWA Panicle length without awn ey Oy 4 s J b
0.5 1.833 1.333 1.55 FLW Flag leaf width >, Sy o
14 97.33 83.33 88.82 PH Plant height « 5, JS ¢,
0.54 1.362 0.818 1.06 BY Biological yield 354 50 5 s
9.3 23.63 14.33 17.622 FLL Flag leaf length o s 5 » Job
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Table 3- Simple ANOVA for investigated traits in Avena sativa. (Abbreviations are based on table 2).

(Mean of Square) <l o . SSke &30l a3 guepate
YPP  PLWA  BY FLL FLW HGW SPAD  SPAD  HCFL FLA NGPS  Degreeof  Sources of Variation
100F 50F freedom

1224 6036 0002 13294  0.004 0.118 6.367 53641 26290  16.900 231700 2 Block o5 L
46.881" 153NS 0119"S 30128  0.068MS  0.286 120705 43410  67.822"S 112067 189.441 9 Genotype . 55
32761  10.920 0.097 5743 0.057 0.122 62867 11762  157.184 23500  153.219 18 Error oLet!
3227 3613 2944 13,60 15.29 13.33 16.67 5.32 14.12 20.77 19.74 i e

(Coefficient of

Variation%)

(2 Jsa bl p Ollazs) Y g Comesr 6505 10 5 &l il 5 (K5 5 gm ((KB5 St p 5 a2 o luls sl 20l 2 -4 Jgus

Table 4- Estimation of variance components, coefficient of variation, genetic advanced, genetic gains and heritability in 10 Avena sativa
genotypes. (Abbreviations are based on table 2).

ol bl N E35 bty sl 35500
B o yos S5 5 g S Coefficient of variation Estimation of variance components olews
General genetic gains  gonetic (s S5 T s S5 o Traits
Heritability advanced Environmental Genetics Phenotypic Environmental Genetics Phenotypic
30.91 10.167 0.267 0.132 0.088 0.159 0.122 0.154 0.1766 HGW
234 6.775 4.368 0.122 0.068 0.140 62.867 19.279 82.146 SPAD 100F
3.52 2.141 1.342 2.444 0.055 0.295 153.219 12.074 342.66 NGPS
19.12 8.175 2.922 0.095 0.090 0.207 11.762 10.549 55.172 SPAD 50F
21.7 22.308 5.204 0.207 0.2328 0.499 23.50 29.522 135.567 FLA
22.6 94.74 16.70 0.325 0.461 2.035 5.743 8.128 35.78 FLL

Yo
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Table 5- Mean comparisons of Avena sativa genotypes by Duncan’s test (%05). In each column similar letters show that there is no
significant difference. (Abbreviations are based on table 2).
FLL (cm) BY PH FLW PLWA PL (cm) YPP  HGW (gr)  SPAD SPAD HCFL  FLA(cm)  NGPS S

(kgm?)  (cm) (cm) (cm) (9n) 100F 50F (cm) Genotype
code

16.33¢ 1.344a 86.43a 1.567ab 19.33 ab 8.467a  22.98a  2.243cd 68.29 a 57.8a 62.33 a 20.27 cd 62.33ab 1
18.80bc  0.8187a 83.80a 1.833a 21.05ab 8.300a 15.26a 2.214d 66.74 ab 56.30 ab 62.40 a abc26.43  57.17 ab 2
14.33¢ 1.233a 88a  1.500ab 19.80ab 11la 19.74a  2.778a-d 59.89 ¢ 52.81abc 62.27 a 22.33bcd 77.50a 3
15.47c¢ 1.362a 97.33a 1.600ab 20.17 ab 10.67a  17.05a 2.747a-d 61.72 bc 42 bc 56.23 bc 19.23 cd 65 ab 4
1453c¢c  0.9133a 87.20a 1.333b 17.27Db 8.167a 1191a 2.951ab 60.99bc  44.68abc 55.13a 15.37d 55ab 5
21.30ab 0.9230a 84.60a 1.400ab 20.33 ab 7.200a 13.19a 3.074 a 63.62abc 37.91c 60.13a 26.17abc 51.33b 6
18.40bc  0.9230a 94.87a 1.667ab 20.07 ab 11.47a  14.02a 2.506abcd 65.36abc  44.91labc 56.60a 26.07abc 59 ab 7

19 bc 1.060a 91.40a 1.650ab 2lab 9.400a  20.48a 2.314 bcd 59.80 ¢ 44.71a-c 55.13a 29.23 ab 61.50ab 8
14.43 ¢ 1.143a 83.33a 1.400ab 18.13ab 8.067a 21.01a 2.531abcd 70 a 46.15a-c 47.73a 14.53d 72.83ab 9
23.63a 0.8783a 91.20a 1.600ab 23 a 8.733a  21.72a  2.902abc 68.46a 45.83abc 60.40a 33.73a 65.33ab 10

YY1



(1392 Oleasls 2 o ler S 0,55) (53,9LES (655 55 g0 s

"t SN dsb Rl e Oy JS L
e S sl 4 e gl ) s s 8
Lals o U5 Ctr sl oo (5 0l a5 552
oS Glsmme 5 0z S o Sl
Wl 3l Slis a5 31 s Sias
Sl 5o dp S 05y e Lo
b 55 5oy S
Lo ol bogy) st S s
A2B) 1 Sssms #16 alde 5l o bt e
s 4 g 3 q‘ldﬁ(ﬁ.&JJGU s
G55 s 0S5 3 3 eled s Al
035 53 sl ple s pswos S 39 o lad
£ S 9 53 ojled slagsyy s S 15 Uyl
ShIs oIy 53l o g 5 p93 a2 )3 i S
03wl Bl 5 Sp S Ohs ple ot
o5 oS sy B8 IRl e i
230 S K3lbs g g5 2 edasOlis 6y S
Sy el wl ap sdess Ao A
53 3 slacs s oS bl 51(T Jsas)
S S5 3 s (52) 035 S
Gy S 3 s lacss) 4 Cons
GO S 53 e il e S0 il
4 oars LN Omen ol5a sladl
wdlie laes S 55 oSy Gag 2 se
osliinl iy e 5 st SS&E OS5 e
S5 g Rl Sl ol 5o s se
Comarr G 55 (S35 55 Sl Bl L s Aab

LD g g0 Jjegjz,f ;.;B;:.}\ Lals

\YY

Slas o3l Kimor
ool Saeer ol 6 dsas
SV slacs 55 50 adllas 550 o)) Db
o Bl S Sl bl s e 0L
alpa glaasl o iy s el Slis
3l Soeal Ll 5 Shas 151 Gl
22 Ok ol clis Gl B b S bl
Wl pslles s Ky Slio (85
4 el Aol el s 1V LS
Karami et ) »3 8 x5 Slio o Stawes
Sy o2 s sk Jsb Slis o (al, 2005
Sl 5 (0/682) Yo s Soan
Sp 2 Sl L Ol S b s
falg 48 3l (il |l Jsb S hsb o
dsb Sliv o 35 e Voo Shes o
Srer o Sy Sl 5 o0z S
3503 35 W1 bt a5 (0/893) L
o oz Sp b She (R L e
o S e P e e S ool
s Rl 1y olS oS g mhaw Al
Cio b Vb (Sees alin Jsb i
Srdsb oo 5(004]) oy S ol
o S bes lslsls (0/827) o
S &S 235 0 abow Jsb Rl 4
glaasl 3 Olg e bl 5 5 Shas (2l
s il gl e elad olBe
S 3ls pm iy Syt b pte Soen
Sl LEL min oS luy) Al 4 e




1392 ‘OUK.Q.A K) @LS\S

(MbJAZd}J?' quJJaCJ‘)LA.‘b-D ‘JYﬁ 6\.&%‘9;3): axdUan 3,40 j‘)) QWWOJL&M%J&_G d}v\?'

Table 6- Correlation coefficient between agronomy traits in Avena sativa genotypes under study. (Abbreviations are
based on table 2).

@ @ @ @ 6 @ O @ 6 @@ @w @@ @

YPP (1) 1

SPAD 50F (2) 0.434 1

FLW (3) 0.140  0.434 1

FLL (4) 0.008 -0.259  0.348 1

FLA (5) 0.135 -0.060 0571 0.839™ 1

SPAD 100F (6) 0.363  0.299  0.133 0.249 0.020 1

PLWA (7) 0.215 -0.032 0.682* 0.8277 0.9417 0.134 1

HCFL (8) 0029 0312 0531 0.314 0.636 -0.384  0.551 1

PH (9) -0.017 -0.348  0.294 0.082 0.242  -0.360  0.349  0.267 1

PL (10) 0.052  0.047  0.348  -0.257 0.085 -0.385  0.238 0476 0.762" 1

HGW (11) -0.394 -0.671" -0.669* 0152 -0.031 -0.285 -0.080 -0.230  0.084  -0.122 1

BY (12) 0526 0205 -0.153 -0.595 -0.476  -0.123 -0.313  -0.086  0.249  0.347 -0.178 1
NGPS (13) -0.674" 0306 -0.071 -0.436 -0.206  0.063 -0.061 -0.070  0.064  0.436 -0.094  0.562 1

YYA
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Figure 1- Dendrogram for Avena sativa genotypes based on physiological traits via UPGMA
method. (The genotype names and numbers are according to table 1).
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Table 7- Principle component analysis for grouping based on agronomy traits in Avena
sativa genotypes.

e R O

Js Groups predicted based on Principle component analysis sy S
3 2 1
Total 3 el
Loy Sl Loy HReY Loy slaws Loy sl )
Slad g a5z
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obtained
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analysis
100 8 0 0 0 0 100 8 2
100 8 0 0 100 1 0 0 2
100 1 100 1 0 0 0 0 3
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Figure 2- Avenin sativa protein banding patterns using SDS-PAGE.
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Figure 3- Dendrogram for Avena sativa genotypes based on SDS-PAGE markers via
UPGMA method. (The genotype names and numbers are according to table 1).
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Figure 4- Dendrogram for Avena sativa genotypes based on qualitative of physiological
traits via UPGMA method. (The genotype names and numbers are according to table 1).
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Figure 5- Histogram of Mantel’s test for protein marker with agronomic data. This graph
was shown two tailed distribution of P-value.
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Table 8- Jaccard’s similarity matrix based on protein marker (molecular data).

GBS NS
Genotype

code
205

204
202
206
216
211
203
217
201
1212

1

1
0.75
0.142
05
0.75
0.125
0.666
0.75

0.333
1

2 3 4 5 6 7 8 9 10
1

0.125 1

0.75 0.142 1
1 0.175 0.75 s

0.25 0.571 0.285 0.25 1

05 0.166 0.666 0.5 0.142 1

1 0.125 0.75 1 0.25 0.5 1

0285 0.666 0333 0.285 0571 04 0.285 1
0.75 0.142 05 0.75 0.175 0.666 0.75  0.333 1
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Table 9- Jaccard’ s similarity matrix based on Agronomy data.

LY
T
Genotype

code
217

203
205
216
212
206
202
204
201
211

1

0444
0444
0.181

0.272
0.272

0428
0.333

2 3 4 5 6 7 8 9 10
1

0.166 1

0.166 04 1

0 0.142 0.142 1

0.375 0.1 0.222 0.2
0.666  0.153 0.363 0 0.333 1
05 0.25 0.363 0 0.333 0.777 1
0

0.1 0.375 0.22 0 0.09 0.09 1
0545  0.307 0.416 0.1 04 0.636 0636 0.272 1
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Abstract

Study of the morphological characteristics and molecular markers for genetic diversity
determination is one of the basic steps in the most breeding programs. For this purpose, current
investigation was carried out with ten cultivars based on randomized complete blocks design
(RCBD) with three replications, during the period of October 2010 to June 2011 cropping season.
Statistical analysis of agronomy data showed that there were significant differences between
genotypes for almost studied traits. Cluster analysis by UPGMA method for agronomic traits
divided genotypes into three groups. High genetic gains were observed for flag leaf length.
Correlation between morphological and molecular traits was assessed using Mantel test and
significant positive correlation was observed between them. Thus according to genetic distances
between the genotypes and heterosis value based on morphological markers according to
similarity coefficient, the cross between 212 with 217, 201, 202, and 204 is recommended. In
conclusion, replication of such experiment with more varieties for more accurate results is
recommended.
Keyword: Avena sativa, Genetic Distance, Morphological Traits, Genetic Gain, SDS-PAGE.
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