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ABSTRACT

In order to study end season drought stress tolerance of durum wheat (Triticum durum) linesand
lines diversity based on stress tolerance, an experiment as a randomized complete block design
with four replications was conducted under two rainfed and supplementary irrigation conditions
2011-2012 cropping season using 20 durum wheat lines. The leaf sample used to extract DNA.
Results of combined analysis of variance showed significant differences between lines for plant
cover, plant height, plant high, test weight, thousand kernel weight and yield in hectar.The factor
analysis in rainfed three first factorexplained 67.34 present of trait variance. The first factor had
high coefficients for Yield in Hectar the second factor had high coefficients for Thousand Kernel
Weight, hektolitre weight and spike length. According to the results of factor the lines 3 and 13
had high yield and were tolerant to rainfed condition and the lines 7 and 18 were suseptible to
rainfed condition. In RAPD analysis, fourteen primers from 50 usedRAPD primers produced 108
polymorphic bands. The lowest number of bands belonged to primer no 25 and the highest
number of bands belonged to primer no 30 and 33. The high amount of effective number of
alleles, Nei's genetic diversity, Shannon's information index and PIC for primer no 19 indicated
high performance of this primer in separation of durum wheat lines. Cluster analysis was
performed using UPGMA method and Dice's similarity coefficient based on molecullar data. The

studied lines were classified in 3 separate clusters. The relation between molecular markers and
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studied traits were determined by stepwise regression analysis. The results showed that the most

explained variation in rainfed condition related to the plant cover and the lowest amount

belonged to plant height.

Keywords: Rainfed, Durum wheat, Genetic diversi

INTRODUCTION

More than a quarter of the earth are placed in
arid and semi-arid (Komeili et
al., 2006). Drought tension is affected about
40 to 60 percent of the world's agricultural
lands (Shahriari, Mullah Sadeghi, 2011). So -
that a large part of wheat farming lands of
Iran and the world are located in arid and
semi-arid lands (Kazemi, 1995). Among the
non-living  tensions, the matter of
drought tension is the most limiting factor of
the growth and function of plants (Almasal
Mani et al., 2011). So by this reason, the
performance and growth of wheat under the
drought tension situation reduced and global
food security are threatened (Kazemi, 1995).
Durum wheat economically and in terms of
human nutrition, is one of the most important
bread (Talibi and

al., 2010) which grows in an environment

grains after wheat
with tension (Grant 2002). The main purpose
of the most Plant Breeding Research is the
amendment for drought tolerance in arid and
semi-arid lands (The Alai et
al., 2011). Understanding the correct response
of plants to drought is essential for breeding

and producing the drought-resistant plants

(Mohammadi et al., 2011). Drought tension
situation, depending on the occurrence time of
the tension and the growth level of plant
decreased the function by effecting the
functional performance (Shahriari, 2008). In a
survey by the Ortiz Ferrera et al (1989) which
was conducted to study the 84 wheat lines and
the number of the wheat in order to evaluate
and the relationship  of 11 traits  of

morphological, physiological, phonological
cultivars with a function under terminal
drought tension conditions and among the
studied traits, traits such as leaf rolling,
peduncle length and early flowering, had the
significant correlation with the function under
the drought conditions of lasting days of
season. Also Ahmadzadeh et al (2011) in a
research was conducted a study about the
varieties of durum wheat and they concluded
that the correlation between grain yield under
drought stress with harvest index, number of
grains per spike and thousand kernel weight is
positive and significant.

Under drought tension condition, properties
of grains  per

spike and  grain

weight (depending on the duration of the
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filling and filling rate) canbe used as a

marker for the selection of resistant

genotypes toward tolerance in
wheat (the Boghal and Tesfay, 2011). Sharifi
and Ezat Ahmadi al (2010) by

studying and evaluating the tolerance toward

drought

Alhoseini

drought tension of the ending days of season
on 17 advanced lines which are depended on
durum wheat tolerance and associated with
three Aryan durum wheat cultivars, bread
wheat of Marvdasht and Chamran, announced
that drought tension of the ending days of
season reduced the amount and the weight
of durum wheat seed to 9.17 percent. Gionta
et al (1993) stated that the final drought
tension, decreased the durum wheat grain
yieldby 20to 80 percent reduction. Also
Hasan Pour et al (2012) concluded that the
yield of durum wheat during the drought of
ending days of the season in the two stage of
flowering and the beginning of grain filling
controller, declined
respectively, 16/2 %, 8/6%. Due to the fact

that the characters are not always available for

toward the

study, inrecent years, molecular biology
has provided suitable tools for comprehensive
analysis about identifying live organisms and
creatures. Meanwhile, the molecular markers
based on DNA is one of the indicators that
will be used for genetic and molecular

studies (Mohammed et

al., 2012). RAPD markeris one of the
indicators which are based on PCR, besides
the ease of use, it does not require the use of
radioactive materials and to do that requires a
small amount of Genomic DNA. This method
despite the low reproducibility is one of the
common method (Simonet al., 2006). It is

clearthat the RAPD indicator is an

effective tool in order
to evaluating and detecting the
genetic diversity in many of the farming

plant species (Ray Chadhory, 2007). Hedayati
Marzuny et al (2013) by using 13 beginner
stated that

on 20 rapeseed totally

from 86 produced strips, 80 of them
were polymorphic. Asghari et al (2011) by
using the relationship between morphological
traits and RAPD markers showed a high

variation between winter and spring oilseed

rape varieties. Fazli and
Choghamirza (2011) by using
RAPD marker, were examined 105 pea

mass cable which were downloaded from
Iran National plant-like gene bank along with
five witnesses and on this basis, classified
statistics and numbers and
mass into ten separate groups and suggested

that RAPD molecular markeris able to
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the basic genetic of racial pea program. Hu et
al (2005) in the investigation of the genetic
diversity of 46  barley
ISSR and 26 primer

beginner of RAPD, identified a high levels of

cultivars by
using 18 primer  of
polymorphisms  for  both  diagnostic
marker. Asghari et al (2010) by studying the
different  species of showed
50 used

produced specific bands with high resolution

agropyron

that from primers, 12 primers
and showed that gene diversity average within
populations based on the straw gene diversity
from 0/09 to 0/03.

Yu and Nguyen (2004) investigated 9 Variety

is changeable

genetic diversity of rice by using
the RAPD markers. 42 random primers used

for  DNA proliferation and 260 polymorphic
bands received. Segal et al. (2009) for determi
nation  of the

genetic  diversity of 85

Global Safflower Germ plasm Plasma was
used.from 22 RAPD primer,18 SSR primer an
d 10 AFLP primer. RAPD, SSR and AFLP pri
mers orderly showed 60, 70 and 68% of
Polymorphism from the total of 72, 111 and 3
30 the proliferated genetic
location. This study showed

that the resource genetic diversity of

Iran and Afghanistan has the most genetic
diversity and eastern genetic reservoirs has
the least genetic

al (2005) were studied 17 RAPD primer in

diversity. Mortazavian et

13bread
that from 17 used primers, 45 polymorphic

wheat genotype and  reported
marker were obtained.

The aim of this present study was evaluating
the hopeful lines of Durum wheat in terms of
tolerance toward drought stress of the end of
the season and identification of susceptible
and tolerant numbers, and also determination
of genetic variation by using RAPD markers.
MATERIALS AND METHODS

In this study, 20 hopeful lines of durum
wheat (Table 1) were evaluated in  terms
of drought stress tolerance of the season’s
ending days during the growing season 2011-
12 at the Agricultural Research Station of
Gachsaran. This station at an altitude
of 710 meters is above sea level, with latitude
and longitude of '50 ° 50 of East and '20 ° 30
of north which is located in southwestern
of Iran. The average rainfall in the last recent
20 years is 431 mm. The soil texture of test
site is Silty clay loam. The average monthly
temperature and precipitation in the farming
year of implementing experiments and also
the 20 years average in the region has
been shown in the Table 2. The present study
was conducted in two separate trials in terms
of completely randomized blocks design with

four replications in supplemental irrigation
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was performed in 11 March
2011 and 15 April 2012. Seed density of lines
were considered 300 seeds per square meter
and with seeder machine, the plot experiments
were planted in corns with six-row at a
distance of 17.5 cm and a length of 7.03 feet.
Also 80 kg in hectare nitrogen was applied
and 80 kg per hectare phosphorus was applied
at planting time. Also, 80 kg per ha nitrogen
as ammonium nitrate, was conducted in two
turn in the amount of 40 kg per ha was
applied at two level of tillering stage and the
seeds swelling. No disease was not observed
during the growth course and Weeds were
controlled by herbicides and Granstar
threads. Plants after physiological
maturity, were harvested by tester cereals.
Studied Traits in this Experiment are
Measured and Recorded as Follows:

Plant height (measured after physiological
height

replication was

maturity, for measuring plant
and 10 plants from each
considered and by wooden meter, the plant
height from the ground to the tip of the cluster
size was measured in

in  main stem

cm. Then, they were averaged for
statistical analysis), peduncle length (were
measured from the bottom of the flag leaf
sheath to the junction location of spike to
stems removal

stem (the amount of

from flag leaf sheath)), the hyacinth length

(To measure the length of spike 10
randomly selected in  each iteration,
and by the ruler in

cm were measured. Then, they were averaged
for statistical analysis. However, the choice
was not abnormal spikes), the number of days
to complete the investigation (To measure the
length of spike, 10 spikes in each replication
randomly chose and was measured by a ruler
in cm. Then, they wereaveraged for
statistical analysis. But of course it was avoid
from abnormal spikes, the number of days to
fully maturity (to measure this trait, the
number of days from planting time was
counted until 90 percent of all spike
achieved), the number of days to achieve
clustering (Number of days from planting
stage to clustering stage of 50 percent of
(In the
early stages of plant growth (five-leaf stage

to the

plant was recorded), vegetation cover
before stem elongation), according
situation of green plot, leaf angles with the
horizon level and the level of covering the
land by plants, to each line of each plot were
given a low rating of one to five that the
lowest point was 1 and 5was the highest
score of the vegetation), thousand kernel
weight, TKW (By removing TKW from the
wheat seeds of each line which were
randomly selected and counted, weighed and

calculated in grams), hectoliter
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weight (After the harvest of seeds per plot,
special cylinder of hectoliter machine was
filled by harvested seeds by weight of special
device, the seeds within the cylinder were
congested as possible and the cylinder was
weighed and the weight which is gained in
grams was matched with a special table of
device and

related number to the

helicopter weight ~ was  noted), crops and
farming points (A few days before the
physiologic maturity of linesin each plot,
according to all the good characteristics of
each such area, like appropriate height,
number of spikes per square meter, earliness,
and other traits related to yield parts, the level
of yield or lines’ seed in each plot were
estimated and lines are compared to each
other and were given to each line in each
iteration a low rating one to five, that the 1
and 5 was the

was the lowest

highest rating), the measurement of
performance level (for measuring the seed
yield per hectare of all plot of each line in dry
and separate supplemental irrigation condition
was harvested and levels of performance in
each plot obtained in terms of kilograms
(plant yield), then it was converted to the
amount of yield per hectare).

Analysis of performance data variance was
conducted as compound. Testing the
variance of two

uniformity of error

experiments by using F nax Hartley, and

comparison of meansby wusing Duncan
method was conducted in the trust level of
one percent.

Also, for molecular analyzing and studying
the morphological traits with molecular

markers of lines was harvested in the

Agriculture  Sciences College of Scholar
University of Aradabil. DNA extraction was
method of CTAB in

accordance with the famous method of Sagha

conducted by the
et al (6) respectively. To identify and
determine the quantity and quality
of extracted DNA was used from the agarose
gel of electrophoresis of 0/8 percent and
spectrophotometer. After gaining trust
from the quantity and quality, extracted
DNA with an equal concentration of 25 ng
was diluted in M. for
of DNA,
from 50 RAPD

produced by Metabion Company of Germany

the proliferation
genomic parts were used
primer which are
and Master Mix (2x) which is produced by
Azar Tajhiz company. Continuum reaction of
polymerase was.conducted.with 12.5 microlit
er volume which is containing
of 50 n.g. genomic DNA from each sample

(Table 3). Temperature cyclesand reaction
time of PCR are of: The first
phase (PCR initial field for 5min at 94 ° -

C), second phase (including 40 cycles: PCR

included
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inlmin at94° C, primer binding to the
model fields for 1 min at 37 ° C and stringing
the extension of DNA by polymerase
DNA Taq for 1 min at72° C. The third
phase (Final extension for 5 min at72 ° C),
1.5%

electrophoresis agarose gel and bands by

respectively. PCR product on

using Ethidium-Bromide under UV light gets

clear and evident. Scoring of tapes was
conducted in the form of
presence (1) and lack of presence
(0). Shannon information index -
was calculated for variability
between lines. Polymorphism information

content (PIC)and  marker

calculated for

index (MI) was
each primer. To
calculate PIC was used of the formula of
PIC ;= 2f i (1-f5 in
component frequency (alleles) were amplified
and 1-f; is the Null allele (no bar). (Roldin -

which f; is

Ruiz et al.,, 2000). Marker index (Ml) is
achieved by the resulting of
PIC multiplication in the number of

polymorphic bands per primer. Nei's gene
diversity (Reed, 1973) and genetic distance
between linesbased on Nei genetic
distance (Nei, 1978) was calculated. To classi
fy the Durum wheat lines based on
RAPD data, cluster analysis was conducted
the UPGMA method and Dice

coefficients. The

based on

similarity relationship

RAPD molecular
studied morphological data by using stepwise

between markers and
regression was investigated. In this manner,
each quantitative trait were considered as the
dependent variable and the independent

variables were considered as
molecular markers. For conducting the above
analysis was used of software applications of
SPSS v.19, GenAelex 6.4, NTSYS
2.2 and PopGen32.

RESULTS AND DISCUSSION

Results of compound data variance analysis s
how that the drought tension has great impact
onthe most of the traits. Linesin terms of
TKW’s traits, hectoliter weight, plant height,
and  vegetation cover and peduncle
length has significant difference and in terms
of the number of the days’ traits to clustering
stage, the number of daysto handle, spike
length and farming rating have got a
significant difference. Line interactions in

environments for yield traits in
hectare, hectoliter weight, plant height and
days to clustering was significant that
represents the different effects of environment
on lines from the point of views of these
traits. The most coefficient changes in studied
characteristics were given to crops rating,
vegetation cover and the spike length which
indicates the high effectiveness of these traits

from environment (Table 4). Results of mean
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61



Shiva Mohammadnia et al

Research Article

comparison showed that No. 4 and 16 lines ha
6and 12  have
the least vegetation. Most Peduncle length is

ve the most and
related to the line 1, and the least of it was
related to the line number 13 (Table 5). Mean
comparison for the TKW showed that the
TKW is related to the line 18 and 20 and
the lowest is for the line 6 and 3. The weight
of each grain is from the important
components of wheat yield which in different
environmental conditions has directly effect
on this property (Involvement inGoth et
al., 2001). Hasan Pour et al (2012) concluded
that the yield of durum wheat during the
drought season in both the flowering stage -
and the beginning of grain filling than
controls, are reduced as
follows 16.2 and 8.6  percent. Sharifi
alhoseuni and Ezat Ahmadi al (2011) by

studying and evaluating the tolerance to

respectively

drought stress of ending season on
the 17 advanced lines which are tolerant to
durum wheat dryness along with durum wheat
cultivars of Aria, wheat bread of Chamran
and Marvdasht, announced that the drought
stress of the end of the season caused Durum
wheat grain weight reduction amounts
to 17.9 percent.

In the supplementary irrigation condition,
Line 1 had the highest height and line 9 had

the lowest height. Meanwhile, in the drying

conditions, the Line 11 and 14, had
respectively the maximum and minimum
height (Figure 1). Grain has achieved its
highest height until flowering time and in the
remaining stages of the plant growth has not
achieved significant change. Richard G. et
al (2001) reported the occurrence of drought
in the late stages of the wheat plantin
wheat reduced the length of plant in wheat. In
addition, it is reported that at the end of the
dry season, tall wheat genotypes due to their
ability to extract water from the soil and the
effective role of stem reserves in filling grain
compared to dwarfing genotypes (the G, et
al., 1985). However, some  researchers in
the laboratory and field selection expressed
indicator  of

thecrop height as an

inequality for  evaluating  the
etal, 1998). In the

irrigation condition,  lines

drought
tolerance (ora hello,
supplementary
of 2 and 7 respectively have the highest and
lowest number of days to cluster. In dry
conditions, Line 17 showed that has the
lowest and line 7, 8and 15 days have the
highest maximum number of days to cluster
(Figure 2).

The maximum weight of hectoliter in the dry
conditions is related to the line 4 and the least
amount at the same condition is dedicate to
the

line 6 and 7, respectively (Figure 3). The most
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amount of seed performance in both irrigation
and dry condition (rain fed) is dedicated to the
line 3and 13 in the environment, and its
lowest amount is related to the line 18 and 7
(Figure 4). Gooding (2003) in intensity

analysis and the time of applying the drought
tension in wheat has reported
that drought tension by shorten the grains
filling period, causing reduction in grains
performance, TKW and Hectoliter weight and
its most effect ingrains filling period, is

between the days of first

to fourteenth after Pollination Respectively. A
zizi Nia and colleagues (2004) stated that day
trait until clustering has the most direct
negative effect on performance. Khairi
al (2011) in  the

drought affection on its performance and com

studying  of tension
ponents in wheat under different moisture con
ditions stated that the early Genotype
under drought tension and medium clay genot
ype under supplementary irrigation have more

grain performance respectively.

Table 1 - Family Tree of Studied Durum Wheat Lines in this Research

Family Tree Number of
Line
STOT// ALTAR 84/ 1
CBC 509 CHILE/SOMAT _3.1// WODUCK /CHAM_3 2
BCRIS/BICUM // LLARETA INIA/3/DUKEM_12/2 * RASCON _21 3
ALTAR 84 /BINTEPE 85/3/ ALTAR 84 /STINT // SILVER_45/ 4/ LHNKE / RASCON // CONA-D 4
TRN // 21563/ AA/3/BD2080/4/BD2339/5/RASCON_37/ TARRO 2// RASCON _37/6/AUK/ 5
GUIL // GREEN
GREEN_2/HIMAN_12// SHIP_1/7/ECO/CMH76A.722// YAV / 3/ ALTAR 84/4/ AJAIA 2/5/ 6
KJOVE_1/6/MALM UK 1/SERRATOR 1
HYDRANASSA30/SILVER 5// LYMNO_8/3/PATKA 7/YAZI 1/4/YAZI_1/ AKAKI 4// 7
SOMAT _3/3/AUK/GUIL // GREEN
RISSA/GAN //POHO _1/3/PLATA 3//CREX/ALLA/4/STOT// ALTARS84/ALD/5/ARMENT 3
/ISRN _3/NIGRIS 4/3/CANELO 9.1
STR/4/J069/3/J0O69/CRA//CIT71/5/ALTAR84/A0S/6/ENTE/MEXI_2//HUI/3/
YAV _1/GEDIZ/7/SOMAT 4/INTER _8/8/INTER_8/SILVER_2 CDSS02Y01292T-0TOPB-0Y- 9
0M-8Y-0Y
ALTAR 84 /STINT // SILVER_45/3/LLARETA INIA 10
AINZEN-1/3/ MINIMUS_6/PLATA 16 // IMMER 11
TRN // 21563/ AA/3/BD2080/4/BD2339/5/RASCON _37/TARRO_2// RASCON _37/6/AUK/ 12
GUIL // GREEN
TRN // 21563/ AA/3/BD2080/4/BD2339/5/RASCON _37/TARRO_2// RASCON_37/6/AUK/ 13
GUIL // GREEN
KUCUK_2/PATA 2/4/ ARMENT // SRN_3/NIGRIS_4/3/CANELO 9.1 14
GODRIN/GUTROS // DUKEM / 3/ DF900.83 /2 * RASCON _37/4/ ARMENT // SRN_3/NIGRIS 4/ 15
3/CANELO 9.1
Mra-1/4 / Ausl/ 3/ Scar / GdoVZ579 // Bitl 16
Icajihan2l 17
Stk / Hau // Heca-1/3/1536-OGDOI 18
Mrfl/ Stj2/3/1718 /BT24 /| Kariml 19
Dehdasht 20

Table 2. The rainfall and temperature average during the farming season 2011-12 and itslong-term mean indifferent
months in Gachsaran Station
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Month Rainfall (mm) Temperature (° C)
2011-12 20-year 2011-12 20-year average
average

October 0/0 0.3 25.3 24.9
November 921 325 18.6 18.6
December 61.1 92.1 12.2 13.2
January 42.4 1145 11.9 10.7
February 120.7 77.1 10.7 11.3
March 47.5 53.2 12.1 147
April 44.8 44.3 17.9 18.6
May 0.1 13.7 26.2 25.4
June 0/0 0.7 30.9 304

Total 417.1 431.0 - -

Table 3 - PCR Components Reaction for RAPD Primers at 12.5 Microliter Volume

Reaction Components

Final Concentration

Used Amount (M)

Master mix (2x)

Primer (5 ng per ml)

DNA (25 Ng ml)
De-ionized water

The final volume of the reaction

1X

0.132ng mi
4 ng mi

6.25

0.33
2
3.92
12.5

Table 4 - Combined variance analysis of the studied traits of Durum wheat lines in rain fed and supplementary irrigation

conditions
Mean square

Degree Length | Peduncl
Resource . Days to Plant . :

of Vegetation - Days to - of e Crops | Hectoliter Yield per
sChanges freedom Cover clusterin maturity Height(c hyacinth | length (c | Rating Weight TKW)g) hectare (kg)

g m)
(cm) m)

Environ ns ns o ok ok ok ok * ke .
ment 1 5.62 90.0 250.0 512.97 38.25 303.93 70.23 1398.30 1102.50 76235912/97
Repetitio
nwithin
the 6 1.49™ 23.4™ 867 | 4397™ | 091™ 24367 | 0.529™ | 223827 61.18 ™ 498767/29"
environm
ent
Lines 19 "0.85 4.94"™ 293" | 63947 | 1.33"™ 1965° | 0.59™ | 39597 147.07 101838983
Environ
mentx Li 19 0.67™ 7.85* 17.2"™ 4387" 1.24™ 559™ | 0.73™ | 12079 12.39 ™ 544697/76"
ne
Etxaﬁfr'gf 114 0.50 4.38 2.68 25.16 113 11.53 0.45 48.95 11.60 11395373
Coefficie
nt of 17.14 1.869 1.111 5.73 14.43 11.07 20.37 1.82 9.18 6/70
variation
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Table 5 - Average Comparison of lines from the point of views of studied Morphological traitsin Durum wheat in rain fed
and supplementary irrigation conditions

TKW (gr) Peduncle Vegetation

length( cm) Cover
1 35¢ 33/975% 4/125%¢
2 32/25" 31/915%« 4/375%¢
3 315" 31/298% 4/375%¢
4 40/25%¢ 30/2302 4/625°
5 36/25% 29/833° 3/75"
6 27/75° 31/393% 3/625¢
7 37 31/283% 4/25%°
8 34/75% 29/135° 4/5%
9 34/5° 30/863%0 4/25%°
10 37/25%%¢ 29/340° 4/375%¢
11 39/75%¢ 33/188% 4/25%°
12 38/25%¢ 31/695% 3/625¢
13 34/5° 28/390° 4/375%¢
14 36/75%¢ 28/988% 4/375%¢
15 34/5° 29/723° 4/375%¢
16 3g/5%% 33/063%¢ 4/625°
17 42/75%® 29/833° 3/875%°
18 447 28/560° 3/75"
19 42/75% 20/878Pd 43¢
20 43/75° 3074882 3/75"

Average with common letters are not significantly different at the 1% possibility level
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Figure 1. The mean Comparison of Durum wheat line Height in dry and supplementary irrigation conditions
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Shape 2. The mean Comparison of number of Days to cluster of Durum wheat lines in dry and supplementary
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Figure 3. The mean Comparison of Hectoliter weight of Durum wheat line in dry and supplementary irrigation,

conditions
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Figure 4. The mean Comparison of yield per hectare of Durum wheat lines in dry and supplementary irrigation
conditions

To have a further perception of
data structure and

the relationships between attributes was used
of

decomposition to factors. In decomposition th
Main

Component Method andVarimax rotation. By

e factors, itwas used of
considering the eigenvalues greater than one,
in both rain fed and additional irrigated
perimeter, five factors could explain the
variation in the data.In terms of the
supplementary irrigation, first
factor 3.25 percent, second factor 2.06 percen

t, the third one 1.36 Percent, the fourth one

1.20 percent, the fifth factor 1.01 percent and
the percentage of total 81.015 percent of data
variance were explained in (Table 5). In the
rain fed condition, the first factor was
27.78 percent,
23.035 percent, the third one was 16.52%, a
10.64%,

10.06 percent and a total of 88.05 percent of

the second one was

4th  factor was fifth factor was

data variance were Justified (Table 6).

In  Supplementary irrigation condition of

first factor of ~ operation attributes  are in

hectare and arable ratingand it has

the great and positive

factorial coefficients. In second factor,
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peduncle length, days to maturity, plant

height had the great and positive
factor coefficients. Hectoliter ~ weight and
spike length in third factor have

the great and positive  factor coefficients. In
the fourth factor, seed weight and vegetation
cover, in the fifth factor, number of days to
cluster of coefficients factors are high and
positive. In rain fed conditions, at first factor
of the first trait performance in hectares, in
the second factor, traits of grain weight,
hectoliter weight and hyacinth length, in
the third factor, peduncle length and plant
height traits, in the fourth factor, agronomic
traits rating and number of days to maturity
that number of days in the fourth factor
showed that is given lower rate to the delay

numbers, because the earlier numbers are

considered in the areas which have the
drought tension of the ending season.

Noted items were introduced by Naghdi Poor
and colleagues (2010) by studying the durum
wheat in the second factor, and Toosi
Mojarad et al (2005) in a study about wheat
bread in first factor defined it as affecting
factor on height. Group packing of the studied
lines based on the first, second and third
both
performed (Fig. 5 and 6). It was observed that
lines of 3 and 13 had the
lines of 18 and 7 had the least value of each of

the three

factor in environment were

most and

factors in rain fed and
supplementary irrigation, can be said that the
two lines of 3 and 13 are drought tolerant and

lines of 18 and 7 are susceptible to drought.

Table 6 - Matrix Factorial Coefficients of Studied Traits in the Component Analysis after Varimax Rotation in
Supplementary Irrigation Condition

Attributes First Factor Second Third Fourth Fifth factor
Factor Factor Factor

Performance in hectares 0.934 0.104 0.093 -0.025 0.198
Rating crops 0.781 0.184 -0.059 0.054 -0.170
Peduncle length 0.223 0.835 -0.078 0.171 -0.114
Days to maturity -0.032 0.824 0.039 -0.208 0.271
Height 0.217 0.794 0.343 0.107 -0.063
Hectoliter weight -0.039 0.092 0.910 0.177 0.120
During hyacinth 0.170 0.061 0.687 0.225 0.258
TKW -0.367 0.093 0.375 -0.735 0.114
Vegetation 0.330 0.149 0.298 0.702 -0.017
Days to clustering 0.121 0.041 0.042 0.050 0.943
Eigenvalues 3.251 2.068 1.367 1.209 1.017
Variance Percentage 29.553 18.799 12.427 10.995 9.242
Cumulative Percentage of 29.553 48.351 60.778 71.773 81.015

Distribution Variance

Table 7 Matrix Factorial Coefficients of Studied Traits in the Component Analysis after Varimax Rotation in Rain fed
Conditions

Attributes Factor First Factor The

Factor Third Factor Fourth

The fifth
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second factor

Performance in hectares 0.97 0.054 0.136 0.022 0.037
Hectoliter weight 0/157 0.834 0.015 0.192 0.037
TKW -0.248 0.806 0.029 -0.386 -0.195

During hyacinth -0.515 -0.649 0.249 .189 -0.157
Peduncle length 0.098 -0.230 0.916 -0.134 -0.059
Height 0.131 0.164 0.90 -0.063 0.169

Rating crops -0.011 -0.099 0.123 0.918 0.160
Days to maturity 0.004 -0.505 0.218 -0.565 0.474
Vegetation 0.275 0.154 0.153 .266 0.819

Days to a cluster of -0.314 -0.532 -0.113 -0.126 0.669
Eigenvalues 3.065 2.534 1.818 1.171 1.107
Variance Percentage 27.782 23.035 16.525 10.642 10.066
Cumulative Percentage 27.782 50.817 67.342 77.984 88.050

of Distribution Variance

Ad oo
Aveed
Y&

Yoo

Jol Jate

Ao

7 oenod

A8«

Figure 5 - Group packing of studied lines of durum wheat according to the first factor, the second and third studied
parameters in dry conditions
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Figure 6 - Group packing of studied lines of durum wheat according to the first factor, the second and third studied
parameters in supplementary irrigation condition

The results of data analysis showed that
among the 50used primer,14 primer
produced starter appropriate and scoring
bands.
of 108 bar, with a

7.71 bar for each primer in which the level of

These primers in total
mean of  producing was
polymorphism was 94/92 %, respectively. In
the used primer, the primers of 30 and 33 had
the maximum number of tape and primer 25
number  of

(0.460) and
most and  the

produced  the lowest
band (Table 7). Primer 19
primer 18 (0.315) had the
lowest level of polymorphism
information (PIC), respectively. The amount
of PIC reflects the performance triggers in the
differentiation of used lines in the study. The
criteria of PIC determined the differentiation
of each primer by the number of alleles per
locusin a locus and allele frequency
(Mominovich et al., 2004). In a study by
Saleh (2012) on wheat bread, was carried out
by wusing RAPD primers, the PIC amount
from0to 0.24, with a mean of 0.091/0 are
respectively received.

Among the important criteria in addition to
the Polymorphic Information Content (PIC),
we  can refer to  the markers
index (MI). Among the investigated primers,
the range of Markers Index was 2.38 to 0.84

that the most MI was belonging to primer 33

and the least amount was related to the
initiator 25. The number of observed alleles,
the number of effective alleles, this gene
diversity (Nei, 1973) and the Law  of
Information (Lvvntyn1972) in the table (7) is
inserted. The results showed that the primer
19 had the

allele, Shannon index and reed diversity. Ther

most effective

efore, it can be stated that this Primer based
on two
Reed and Shannon had the

Diversity Index of

most Diversity level in between Lines. Initiato
18 in of 3 of
diversity index level of straw, Shannon
Alleles
level showed the least amount (Table 7).

In order to provide a grouping
classification of durum wheat lines based on
the RAPD data,  clustering analysis  was
carried out based on the
UPGMA method and Dice similarity
coefficient (Fig. 8). The suitable
way of clustering  analysis  method with
respect to the high repress coefficient
of correlation (0.74) compared with other was
specified. The analysis of 20 durum wheat

r of view  point

index, number of effective

lines studied
in 3 groups. Lineofl1,2,3,4,5,6,7,9,
10, 8 were in the first

group. Line of 17 and 16 in the third and the
other lines were in the second cluster. Failure
to locate some numbers side by side
according to a morphological features, can be
included from the lack of full coverage of the
genome by studied markers, RAPD location
attachment to the non-coding part have not
any role in the development of the
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characters. However,
environmental factors such as drought and
heat in the development of morphological

the

effect

traits must not be forgotten. Asghari

al (2011) in
markers

a studyon
of RAPD, were

rapeseed

using
classified

18 rapeseed in
general, from the intersection of cluster

components

three

which

are

cluster

far

groups. In

apart in

hybridization programs to produce superior

offspring were used of parents.

Table 8 - Sequences, The Number of Polymorphic Bands, The Polymorphism Data Amounts and Marker Indicator, The
Average Number of Effective Allele, Diversity Index of Reed Gene ( Reed, 1973) and Shannon Index (Loventin, 1972) for Studied

Markers

IndexVariety of AverageCount of Effective Shannon MI PIC Number of Polymorphic Prim Primer Sequence
straw( H ) Allele atEach Gene IndexInformati Monomorph bands No. er

Location( Ne) on( 1) ic Bands No. i i
0/488 1/496 0/315 1.764 0.315 0 8 18 5 -CCGGGGTTTA-3
0/652 1/858 0/460 2.187 0.460 0 8 19 5 CGGTTT-Gec A-3
0/562 1/691 0/385 1.357 0.385 0 8 23 5 -CccGCC TTCC3’
0/566 1/645 0/381 1.418 0.381 0 7 24 5 GTG GGG -AcaA-3
0/650 1/853 0/458 0.847 0.458 1 3 25 5 GGG CTC-Aca A-3’
0/537 1/622 0/361 1.423 0.361 0 9 28 5 GCC -Ccg Ttta A- 3
0621 1/791 0/432 1.987 0.432 1 7 29 5 -Ccg TTAGCCC3
0/568 1712 0/391 1.485 0.391 1 10 30 5 TTA GCC -Ccg G-3
0/502 1/535 0/328 1.225 0.328 0 6 31 5 -CcgGCC TTCC3
0/553 1/623 0/370 1.389 0.370 1 7 32 5 TTA GCC -Ggg A- 3
0/603 1/740 0/415 2.389 0.415 0 10 33 5 GGA GCT -Ccg A- 3
0/578 1/688 0/394 1.713 0.394 0 8 34 5 A--Ccg GCC CCA3
0/579 1/688 0/394 1.857 394/0 1 9 42 5 -Tta ACCCGG C3
0/490 1/560 0/325 1.625 325/0 0 8 50 5 CCC-Ttc Geg C 3

1.691 0.414 0.35 7.71 Average
20 19 18 17 16 15 14
—_— - -
Figure 7 - banding pattern of primer No. 33 RAPD in lines of durum wheat
71

IJBPAS, May, 2015, 4(5)




Shiva Mohammadnia et al

Research Article

Table 9 - Regression coefficients between evaluated traits and markers of RAPD in the lines of durum wheat in dry

condition
Marke | Vegetatio Days to Days to Plant Length of Peduncle Crops Hectoliter TKW Yield per
r n cover Clustering | maturity | Height Hyacinth Length Rating Weight hectare
Interce | ~3.757 | T110.628 | T 147.375 | 71009 "8.164 730.400/ | T2.231 "357.75 "41.00 " 4834.161
pt 0
PiMy -0/528"
PiMg | -0469"
P 19 M 2
P 19 M 4 -
PuM, | 0636
PxMsj . - =
PxoM, | -0/328 -0.700 0.777
PoyM, | -03427
P 30 M 5 -
PuM; 0.704
PpM; 0740
PxMs 0/870"
PyMg -0/573"
PyMsg -0.442
PuM, 0684
PuMs | 08127 -0/453" "0.451
PyM; -09417
PsuMs, "-0.592 " 0.614
P oMo 0648
R *Cor 0.948 0.772 0.490 0.35 0.694 0.377 0/936 0.604 0.695
rection
—
2
a
—4
L
o
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Figure 8 - Grouping Classification of Studied Durum Wheat Lines on the Basis of RAPD Data by Using UPGMA and
Dice Similarity Coefficient

The

characteristics and the Rapid markers was

relationship between investigated 9). In this decomposition, investigated
characteristics has separately been considered
as the

performed through step to step

(Table 8

regression dependent variable and the

decomposition and presence and lack of presence of
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bands as independent variables and

step to step regression decomposition was

performed. Based on regression

analysis, 22 markers in supplementary
irrigation and 19 markers were identified in
dry conditions, which had a significant
relationship with morphological
characteristics. Corrected coefficient values of
determination showed that supplementary
irrigation of crops has the lowest rating
(0.313) and the length of hyacinth has highest
(0.94) changes values which were explained
by markers. In dry conditions, the plant
height (0.35) and vegetation cover (0.94) has
most

respectively the lowest and the

explained changes values which were

determined by markers. In supplementary
irrigation conditions the highest number of
markers was awarded to the length of
lavender with five markers and vegetation and
agronomic traits lowest rating with a markers.
Under rain fed conditions, vegetation cover
characteristic with five marker has the most
and hectoliter weight, days to maturity, plant
height, peduncle with a marker had the lowest
number of markers. In terms of supplemental
irrigation between markers P ;3M gand the
evaluated characteristics, the most significant
association was observed between
them. Markers of

PioM2 PogM4P3aMs PaaMzand PsgM

¢ With the measured traits in terms of dry
condition most significant association was
observed. Under rain fed and supplemental
irrigation conditions
P1sM 7P 1gMgand P 24 M 3 markers were

common. Some of the markershad a

statistically
significant relation with more than  one trait
which could be raised

from plioteropy effects or continuity of

al (1996) The
relationship between flowering and plant
traits with RAPD and

in47 rice samples were studied and by

related location. Virac et

iIsozymes markers

performing the multiple regression
between 63 marker of RAPD and 39 allozyme
as the independent variable and flowering as a
which was showed
RAPD has

9% of the

dependent markers
that 29 markers of
approximately explained
variance. Nowadays, using
from continuity between molecular markers a
nd controlling gene of

quantity attributes, accelerated the correction
process of plants. If, the germplasm of a kind
in terms of important quantitative traits for
specific conditions evaluated (such as drought
tolerance) by using molecular markers,
finding data from the valuable tool marker for

predicting the value of other germplasm and
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identification of genetic material would be
desirable even in vitro (Virac et al., 1996).
CONCLUSION
Generally, the  finding  resultsof  the
comparison of the mean of the lines showed
that the lines of 3 and 13 were the best lines in
terms of function in rain fed and
supplementary

irrigation. Lineof 7and 18 also  had  the
lowest performance in both conditions. In the
first and second operation, hectoliter weight
and TKW had major coefficient factors that
indicate the importance of these traits in
choosing the desired lines. With respect to the
finding results of the analysis to the

original components of the line number of

3and 13 which had the
performance and tolerance to dry conditions
and the

highest

lines of 7 and 18 were titled as the

most  sensitive linesin the rain fed
condition. The high number of standards of
effective alleles, Reed gene
the PIC for

of 19 shows the high performance of this

diversity,

Shannon index and starters
lines of studied durum

to the

primers toward

wheat. According results of the
regression analysis in terms of supplementary
irrigation  of 22 markers and in  dry
conditions 19 markers were identified that
was significantly correlated with investigated

traits well
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Table 8: Regression coefficients between evaluated traits and markers of RAPD in the lines of durum wheat in

supplementary irrigation
Mar Vegetation Days to | Days to | Plant Length of | Peduncle | Crops Hectoliter | TKW Yield per
Cover Clustering maturity Height Hyacinth Length Rating | weight hectare
Intercept | ~ 4.625 7109.461 7147.658 786.30 77631 733530 | 3792 | 737725 | 742894 | T609/6670
PisMy 0437
P1gMg "0.503 "0.713/0 -0.560
P1sMs -0.579
PxaMs 70.494
PuM, 0599 ~-0.709
P.uMs ~-0.509
PuMs ~-0.577
PasM "0.490
PaxMs " 0.669
P2sMs "0.848 0.2
P2gM 7 "0.717/0
PxM, " 0.469 "-0.325
P2M, " 646/0
P2Mse "0.368
P3M- "0.527
P M 1 -0.657
PaM, 70.738
P3sMs "0.626
P3Ms ".0.483 *480/0
P3sMo =
P3sM; -0.452 -
PuMsg "0.301
R *Correct | 0.333 0.726 0.617 0.874 0.94 0.779 0.313 0.761 0.827 0.564
1on
Table 9 - Regression coefficients between evaluated traits and markers of RAPD in the lines of durum wheat in dry
Marker Vegetati Days to Days to Plant Length of Peduncle Crops Hectoliter TKW | Yield per
on cover Clustering maturity Height Hyacinth Length Rating Weight hectare
Intercept | "~ 3.757 "110.628 "147.375 | " 10090 "8.164 30.400/ 2.231 "357.75 "41.00 | 748341
61
PisM7 -0/528
PisMes | -0/469"
P1asM>
P1oM g4
PuM. | 0/636
P2M 3
PoMs |-0/328" .0.700 ™0.777
PoM; | -0/3427
P3Ms
PxuM; “0.704
PM 0740
PaMoe 0870
PuMo -0/573"
PuMg "-0.442
PauM, -0/684"
PuMs | 0/8127 -0/453" “0.451
PaM -0941”
PsoM3 "-0.592 "°0.614
PouMo 70648
R “Correct 0.948 0.772 0.490 0.35 0.694 0.377 0/936 0.604 0.695
1on
condition
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