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Table 1- List of barley cultivars used in the experiment

(Pedigree) o, (Growth type/Row) ciys, o, o (Cultivar)y$,
Tokak (Facultative/ Two Tow) 4,8, 98 u-*-’L*-*-’ (Sahand) o \
Pamir-158/ZDM1454 (Facultative/ Two row) 40, g3 u.“ul.,“u (Artan) i )T Y
- (Winter/ Six row) a5, b aliws;  (Dobrinia) Ly s ¥
Yea 168.4/Yea 605.5// Yea206-4A-3  (Facultative/ Two row) a0, o u.“ul.,“u (Ansar) Lail ¥
- (Facultative/ Six row) aayo, i oyolio  (Radical) JSGol, 0
(Native genotype) e wiss (Winter/ Two row) dasd, 9o dilius) (Fasih) p.oad #
Gorgan4 x 2/Xmuse (Facultative/ Two Tow) 408, g3 u-*-’L*-*-' (Nader) ,ob Y
Tokak//Stepto/ Antares (Facultative/ TWo ToW) 423, ¢ yolics (Gaflan) M A
Chicm/An57//Albert (Winter/ Two row) a0, g0 Alowws 3 (Sararood) o,/ 4
Yesevi-93 (Facultative/ Two row) aass, 98 ysloo (Adidar) ool V-

¢ a

3815 Aty b, agl; (©) gy e, (wez < (D) Vx YOxFeom olal b glades B @) — ) o
Figure 1-(a) 1x25%40 cm glass frame (b)Wooden holder of rhizotrons (c) root angle from horizon

HvDROI s HvActin s 65 o5 sl oais >lhb sla 55l Jlgs =Y Jgo
Table 2- Primer sequences designed for the housekeeping gene HvActin and HvDRO1
o5 oo sk wss, 5] - s 53] ks o
. .5 Forward Primer (5'to 3") Reverse Primer (5'to 3") Product
[Cad et .
. Size
Accession
HvDROI1 XM_0450931 TTGGCCCCAATCATTGCT 63.1 CGCTTGGTCTTTGCTTG 61.6 181
63 AG CTA
HvActin AY14545] GCCGTGCTTTCCCTCTAT 60.8 GCTTCTCCTTGATGTCCC 584 235
G TTA

Gene

Lad HvActin HvDro1

08

0.7
2 0.6
s
205
E04
0.3

0.2

01l threshold
00

HvActin § HYDROI (5 sla 5 5le] Ggd (pomie g ailiw] a5 > -V S
Figure 2- Cycle of threshold and melting curve of primers for HvDROI and HvActin genes
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Table 3- Analysis of variance (mean squares) of root architectural traits in studied barley

cultivars
HVDROI 5 ol g S olows aiy, sl s s el
ef;ﬁfsoién Root length nﬁgetrs Roognggflcéwth df &1 Source of Variation
7.072% 0.190" 0.136™ 5.35™ 2 (Replication) |l S5
5.186* 215.7# 1.20* 127.5% 2 (Stress) s
14.998+ 41.18# 0.890* 62.3% 9 (Variety) )l
5.877# 6.94" 0.57 26.7™ 18 Varietyx ) _auxam)s
(Stress
0.566 7.33 0.37 25.8 58 (Error) oloc!
29.7 10.3 16.1 6.9 - CV%) Ol oo

sl 13,9 5 Loz Y b (45 (ylo (6l S golie 0131 am,0) ) 570 mhaw 40 o me g lo e pf S5 Ay s g s

"% and ** are non significant, significant at 5% and 1% , respectively.
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Table4- Mean of stress levels in root architectural traits of tested barley cultivars

HvDROI (5 5l Ay, Job abyyolass (4 ,0) ddo, Wby agly Slews

HvDROI expression Root length Root numbers Root growth angle Treatment

O O
— 23.4c¢ 3.78ab 74.8a
(Non-stress)
=hy eed b TV
1.49b 26.7b 4.00a 70.7b
(%75 FC)
=hy eed b 1o
2.30a 28.7a 3.60b 73.2ab
(%50 FC)

ax)llas Sy90 9> r:sz‘ o HvDRol U) QL::.g 9 ‘L*:“t‘.) L;)Lo.xn Slaws inilﬁ.n c\.m.g'L‘fo —()Jj.).?

Table5- Mean comparison of root traits and HvDRol expression in tested barley
cultivars

HvDROI 5 ol sy Jobo Ay olass Ay Ay agly o8, b anlg

HvDRO]Igene expression Root length Root numbers ~ Root angle Cultivar
%50 FC %75 FC - - - -

0.212d 1.55abc 25.1b 4.00abc 74.6ab (Sahand) augw

4.530b 3.46a 30.8a 3.67bc 75.0ab (Artan) i,
3.141bc  1.31bc 25.6b 4.33a 70.3bcd  (Dobrinia) L pgo
0.578d 0.356¢ 26.7b 3.67bc 70.9bcd (Ansar) Ll
0.939d 0.127¢c 22.4¢ 4.28ab 69.5cd (Radical) JISGol,
0.303d 0.487¢ 24.9bc 3.50c 74.3abc (Fasih) poad
1.533cd  2.59ab 26.8b 3.78abc 69.4d (Nader) ,ob
9.288a 2.73ab 27.0b 3.39¢ 72.9a-d (Gaflan) BB
0.207d 1.27bc 26.7b 3.6lc 76.8a (Sararood) gl
* * 26.9b 3.72abc 74.8ab (Adidar) ja]
2.30 1.49 26.3 3.80 72.9 (Mean) (. 55ke

0355 655 o3Il 085 nl )0 55 Ol 5 S8y e 3l 4t ge el 08, GCDNA ¥
* Abidar cDNA were lost and were not measured

AY



\f.¥ OMU Al O)l&.& SY 099 O‘ﬁ' l@i\) L:A.C‘)j 4.{).‘:-\5

3 e 10+ 5OV 55 buly 9 50 lis (Sirad s F Sy
Table6-Correlation coefficients of traits under 75% and 50% of field capacity

stresses
/YOFC 16-FC
oleo ado, Job  adg;ola al) al; adoy Job o ado, ol al, al;
HvDRO1 0.746" -0.413 0.546 0.444 -0.175 0.857**
ady, Job 1 -0.510 0.376 1 -0.219 0.353
ady ) olow 1 -0.062 1 -0.109

(Ll o iy J5b) o5 4 o5 gy 2 (o2ly5 Sy UVO (o5 Laulpd o (2Bl (g T 5l oo -V g
Table7- Partial regression coefficients under 75% of filed capacity stress by stepwise
method (root length as dependent variable).

AL g S5y o lasliwl =l S bl (a8l g 5 5 o t
s 5| o ye 23303 1.342 17.360%*
HvDROI 2.098 0.708 0.746 2.962*

(Lsly yoite oy agly) ol & B g, 4 (ol o8 700 25 Ll il 5o (a8l g 55 il A Jgor
Table8- Partial regression coefficients under 50% of filed capacity stress by stepwise
method (root angle as dependent variable).

AL g Sy cupe O lbiul Bl o lailinl @Bl yge 55 o o t
e 5l Uose 68.551 1.031 66.509%*
HvDRO1 1.658 0.377 0.857 4.397%*
34 B .
r=0.746 ® Artan
32
3,
hp ]
3’3 30
5 28 ® Ansar ® Sararood ® Nader
B 5 ® Sahand Gaflan
D
- ® ..
g 24 ® Fasih Dobrinia
&
22
® Radical
20
0 0.5 1 1.5 2 2.5 3 3.5 4

(HvDROI gene expression) HYDROI .y oLy &l 0
=y b AV iS5 0 ady, Jsb g HVDROI (45 oyle bl ) o> iolejl 5,90 a8, ST, Y S

Figure3- Distribution of tested barley varieties in terms of HvDROI gene expression
and root length under 75% of field capacity stress
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Figure4- Distribution of tested barley varieties in terms of HvDROI gene expression
and root angle under 50% of field capacity stress
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asle aly, o Sy a5 wuas o lid oo
Sl ad, S () g ddy )y e ddy) D38 Bas
Oy a Sl a9 wle e VL (SeSS £eS
Manschadi et al., 2010; Jia et ) ssos oo Fewly
a5 4Skes (al., 2019; Robinson ef al., 2016
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Sl G381 g (Zhang et al. 2022) b o il
Job il (i (15 Cod lady ) 50 S ]
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EXTENDED ABSTRACT

Introduction: The root system architecture is one of the basic characteristics of barley cultivars in drought stress
tolerance. So that the genotypes with more vertical roots will have more tolerance to drought. Therefore, root
growth angle is a suitable trait to improve drought tolerance in barley. For this purpose, to investigate the effect
of HYDROI gene expression on root system architecture of barley cultivars under water stress, an experiment was
conducted using glass rhizotrons.

Materials & Methods: The experiment was conducted as a factorial design, in which the first factor included 10
barley cultivars and the second factor included drought stress (nonstress, 75% FC and 50% FC). The experiment
was carried out in 2022 at Agricultural Biotechnology Research Center of Islamic Azad University, Ardabil. After
the root growth, the root numbers, length and angle of the roots were measured. Then, HYDRO1 gene expression
was measured by real-time PCR.

Research findings: The results of ANOVA showed that there are significant differences in all the traits which
indicates the existence of genetic diversity among the tested cultivars. The effect of drought stress was significant
on all traits, so that caused an increase in root length and HvDRO1 gene expression in both stress levels (75% FC
and 50% FC), a decrease in the root numbers and an increase in the root angle under the 50% FC. Mean
comparisons showed that the root length ranged from 22.4 to 30.8 cm, so that Artan had the longest root and 8
other varieties (Gaflan, Abidar, Nader, Ansar, Sararoud 1, Dobrinia, Sahand and Fasih) were ranked next. The
seminal root number of cultivars ranged from 3.39 to 4.33, so that Dobrinia, Radical, Sahand, Nader and Abidar
had the highest root numbers. The root growth angle varied from 69.4 to 76.8 degrees, so that cultivars Sararoud,
Artan, Abider, Sahand, Fasih and Gafalan had the most vertical roots. In terms of HYDRO1 gene expression,
under 75% FC, Artan, Gaflan, Nader and Sahand, and under 50% FC, Gaflan had the highest amount. The results
of correlations showed that the expression rate of HYDRO1 gene showed a positive correlation with the root length
under 75% FC (r=0.74%). Under 50% FC, the expression rate of HYDRO1 gene had not significant correlation
with root length, but showed a positive correlation with the root angle (r=0.85**). Regression analysis showed
that under 75% FC, the expression of this gene explained 55.6% of the changes in root length and under 50% FC,
it explained 74.6% of the changes in the root angle, suggesting the possibility of using the HVDROI1 gene
expression to select the root system architecture in barley.
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