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Abstract

Objective

The research was conducted to study changes in expression pattern of some genes involved in
drought tolerance due to the problem of terminal drought stress in rainfed lentil agriculture in
Iran.

Materials and methods

In order to identify the consensus sequence of the coding sequence (CDS) of selected lentil genes;
Aquaporin PIP2, Fructose bisphosphate aldolase, Oxygen-evolving enhancer protein2, WRKY1
and Xyloglucan endotransglucosylase/hydrolase, expressed sequence tag (EST) and reads were
identified through similar ortholog sequences in other leguminosae plants. 90, 60 and 30 percent
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of field capacity were considered as control, medium and severe stress respectively. RNA was
extracted from both control and severe drought stress treated plants leaf samples, cDNA was
synthesized from RNA samples. Expression profiles of the genes, were determined via real time
PCR technigue. To represent the effect of drought stress on lentil plant, some morphological,
physiological and biochemical characteristics were measured.

Results

Characteristics like plant height, shoot fresh weight, root fresh weight, shoot dry weight, root dry
weight, relative water content, leaf area index, chlorophyll and protein content decreased due to
drought stress. Leaf trichome density, electrolyte leakage index, proline and carbohydrate content,
malondialdehyde and hydrogen peroxide increased in drought stress. Analysis of real time PCR
demonstrated expression of AQUAPIP2 .FBA and WRKY1 genes were increased and expression

of XTH and OEE2 genes were decreased under severe drought stress condition.

Conclusions

The results show that AQUAPIP2, FBA and WRKY 1 genes are involved in drought tolerance. Due

to higher expression of AQUAPIP2 and WRKY1 genes in the tolerant genotype, reduction of RWC

in this genotype is less. Less increase in hydrogen peroxide in the tolerant genotype, partly

influenced by higher expression of AQUAPIP2 gene and higher activity of antioxidant enzymes,

which was influenced by higher expression of AQUAPIP2 gene in tolerant genotype than

susceptible genotype. The increase in carbohydrate content in both genotypes was partially

affected by FBA gene expression.
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ord & e b g ad 8l Gl o )3 i 390 (g 4 alde slaByy (RS //Www.rcsb.org)
b dd oy a5 3590 (sl g (sl ol B o e (sdm 4w Je (NEEPSI//WWW.eXpasy.org) Swiss prot
Self JSss ks 5l b S5l w05 b a5 cas e Lo o551 PerlPrimer 5 Oligo7 (la)ljéls 5
Lab w yp OligoAnalyzer3.1 , T ,l58ls 5 5 GC s y3 5 g3 sl Hairpin 4 Hetero primer dimer
g5 2z QRT-PCR Jtalesl b o5 o et (sl Sl I8 5 00k amo oo (Lt ]y 00s (2l (sl S5l ) oo
Al 4 S5lel cin o Jlasl (lp canlio (glod g b wy

285 plosl s e bwgs RNA g5l (Real Time i1y g CONA jww (RNA g1 ,5¢i |
DNase Lo .4 pbul (3o 5 5,57) 5,989,281 4 (5,0 Thermo scientific) Clygb bl (S g (o )y
5l b ord jiw CONA (oS 5 (o8 (w3 28 plsl (i) €858 oS baw 55 CDONA i (s 5 Jlos|

olye 4 (Vandemark and Saha. 2013 ) 18SrRNA (5 ,S5eT 51 cais plosl (55 95 5,T) (o)) (565) 5y999,:5)
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Table 1. Oligonucleotide primer names and sequence

S axkid Job > 3)Jlast sles Wa'o Jly Sl s,
X (51,8 lw
Amplicon size Anealing Primer sequence 5' to 3" Primer name Row
(bp) temperature (°C)
180-190 bp 57.87 STATATGTGGTGCTGGTGTGGT 3' AQUAPIP2-F 1
180-190 bp 58.39 5AGCATTTCTCTTGGCATCAGTG 3' AQUAPIP2-R 2
180-190 bp 57.87 5'ACCTTGCTGAGAACAATGTCC 3 FBA-F 3
180-190 bp 57.87 5TCAACCTCAGATTGTCCACCA 3! FBA-R 4
180-190 bp 57.87 5TTGGACAAACTGATTCGGAGG 3 OEE2-F 5
180-190 bp 58.39 STTTCCATCCTTTACCGTTGCTG 3 OEE2-R 6
180-190 bp 58.39 5TATGGTTCCGTTTCAAGCTGTC 3 WRKY-F 7
180-190 bp 60.25 5'CGGTACATGGCTCAAGTATCAC3'  WRKY-R 8
180-190 bp 56.53 STTTATGGAACGCTGATGATTGG3 XTH-F 9
180-190 bp 58.39 5'GCATCAAGATCACGAAACTCAG3 XTH-R 10
101 bp 61.78 5'ACGTCCCTGCCCTTTGTACAC 3' 18srRNA-F 11
101 bp 57.87 5'CACTTCACCGGACCATTCAAT 3'  18srRNA-F 12

a5 ool |epj Jgoyd 5l ald (sladigel 4 Comn 5 (A5 S0 (sladiged 3 (5 1 (o3 (o Olise 4o bro
:(Livak and Schmittgen 2001)

2_(ACt)sample
2=@Ccontrol

Fold change = (VY alal,
5 pSbe due alie sl loges pus 5 gl A5 bl « SAS 9.4 SPSS 26 sla,ljle 5 Lo 55 aosly Lilos 5 4550
;> Kolmogorov-Smirnov ge51 il c,ls Jloy aojgi esls (sllas a5yl 5l luabl (gl . oalazl Excel 2013

A eslawl Minitab17

Qs aday Job ¢« (g ©Ad @Sy 9 Sy ol @iyl Sl (+10)) ibsine 8l (S35 s 8l
)] )l Guigif 93 by Sy S8 w51 5 2lee plail s ady (s sl 2lop Pl SiS g ) SS9 5
G595 93 Obe I (U AT 4y (Foliste (slagusly ¢ g plul SWiS ()59 ) § (g «S S ) Jobo ¢ Sz O

plul A ) 5395 G855 g algp s yud (85 )18 U o Js @ caw gt S B olgn plail 4 ady) 5 (jg s
\Al
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b sanlie Joste caigij )3 b a5 B L8l cpl g céb sl53l (Chiatante et al. 2006) aio) 4 cons olgn
o Jbd @ o ygalS sl L o ol (a5 )3 .l s dme (ialS acigi 93 > dgy gli,l i ca b il
b g Slpl pad ) uibyly 4525 b (Tohidi 2015) wle ials' gy gl i) g o8 Jglow 155 5 bl
39t laisime 20> Sy Jlosnl o 53 pod> ez 9 Jol o2 3 Bor €] 2 iy Sl g (St i 1 a8 (LS e
I 9,18 olae il g atiay )3 olS (calgs mogm yidw geos W 4 ¢ St i 1, (Alizadeh et al. 2017)
sladlas ,> (Vieraet al.1991; Albouchi et al. 2003) cal jials sloa plul (Kis g 5 059 mwgd Coles 53
el il a b ili8l gy ad\§ Jl)8 S s i caliste glaesa b cod 5o, YF e a4y oS ISy 4365 ke 5o
LS o yme 3 ddiisy wimesw | oS s ST .(Ashraf and Mehmood 1990) wi ddle 5 59 3 (s)ld me LidlS
Al dilaie ) S A S35 4 e b o Sl S3alS ol s cdl ales el S, 0l ) e 0,5 )5 Sl
5 oo b baes olon iso sy ials o Sisd il bulps o ady adgl Jale 0 0, Sy Ol cans g b Sodp bl
93y 3> o Sl ks olie (+/+0) Jla pime Lisli8l o Siid il pdaw il s lodalie B Y S )3 las 3)8e
o Lie ( Sad 515 ) el yide oliE Cuw] oaimnlis a5 3g i wles cuigis 0 w3 cplcdly o 1) cuie;
G 05 Gliwe (Joxio pB,l > .(Blokhina et al. 2003) 5,5 o J1,8 (ol b ials g ol 345 Giliél (5 yme
0Py ladlhe s (khazaie et al. 2018) wsb o Joho slie [l Las ) bay] oYU bl clde 4 g xSl
&S il (g8 el Gl 5oy WU Ve 5l dm ool w8y 4 Caws (g Sl s (l5pe o Sidis & oo 08 0
os Ll (Xinhong et al. 2017) w3 )15 Joho (slid cam | om0y yiaS ¢ Jasxio plB)l a8 can | ] Sl
P (140) 33 Gyl xe olds pined b b s i) 13 Sy pdaw (edls Slpss g (+/0)) b dre b i
SyeS S ppdaw (JS 50 5Se S Sy adgi b Jesio plB)l ¢ Sid 55 )0 b 1y demg i 50 gy sldie il
.(Khazaie and Kafi 2003) 345 o0 (¢j15 a1l g Ol cdy juo jinlS 4 oo a5 08 o g wlaos pB) b duslio 5o
3555 93 b D Sy Ol Ll glgime (i b il L (Ghanbari et al. 2015) ws ssalie Lyl 1> polis gls
Sy ol s g i osnliiie Li5 50 cig) Jolite Il )3 gyl me coglés .l gl o(+/+)) I3 gxe yobo 4
Iolor 05933 139 LS yieS gy (S pomw] palaiS A 3 o)) g YU g Canl (Sid 55 4 Joos g5k G YL
salS olea plul s g 5 59 o) JWd 4 g o5 Sy Ol s lgime o5 o5n . (Ritchie et al. 1990) wib -
cdl jials o 0 B0 4 YAUA jlaseS 15 S O s lgime oylol GialS bl 4l gals Sy i s e
(1)) s me pil Sk b 55 o il caw Tosalie JBY IS5 )3 o b ol (Mensah et al. 2006)

Sy 5o clale o olle iy AIg)S (/4] Jloine alidl g S IS (uBign 9 Juds)lS sials
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Figure 1. Root to shoot weight ratio, height, shoot dry weight, root fresh weight, greenness,
root length and trichome density traits mean comparison chart of lentil in drought stress

A&

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500

5, ST,



RN,

B0 a
j = a " 70 a— ]
5. [ : i b be
_i cd c = bec
‘i\ qi 40
‘}_ 100 ‘F"\ 30
7; ‘l 20
1 I'u 10
-i"" 0 — o — T
sals buogl o A T ald bsgis i aad A
O Gl was g S Gl (e 9 Sy mhw et Olho (11Sle dwslie HIdges Y JSUS
< i

Figure 2. Leaf area index and electrolyte leakage index traits mean comparison chart of
lentil in drought stress

(F JS) cdly (ials 5pud b lawgte (135 51 g Gl bausgio (55 B Gaigif 99 50 )3 STy LB o3l clled

s9—iee ol Cdled Sl el 5 o> ol GlanSTy JSUS w3l (g Lo 85 (I3l b &S > ol
9 358N lid cam T 4 yomie g oy 5amST O] cladisS iulidl el ( S i cnd ili8l (Amini et al. 2008)
1> (Fracasso et al. 2016) Lws s a0 (Kapanigowda et al. 2013) .o Jids)lS (clsime inls
ORI Sl Al e BB jgb 4 JB9)ST ljee o (Sid (A5 (RIS g3 oS A8 (B)1S peS 0w slacui)
(st 4 gy sy (wlus 4 S (Jodle Caigf 53 Gl ol 9 SO SRl i) 93 » 53 g p e (S
b §) oSy ysams! il s Ol s9seS 35 .(GUNES et Al. 2008) wi ssnlice _iuoj pholy g9y y (cladllas
S e 5 1y Ol 29008 SISl e gial oISl S plsie g Ble 2o ok Gl ) gy g g S

Sy cdl GalEl cusgs 93 o i Gl 51 wadleondle olie (Kramer 1969; Bates et al. 1973)

Sy ey 0L G lgie a8 ] e 3939 40 aall o5 gl coais gLl Lyn (ol Sgwli STy co B
Sl Soglito () b g () G5 £ & iy o] e 539,00 ) 4 ] sla ST Sloso e e
CPYL s Conglio ahlio (i8] 65108 liae 4 byl )3 sall e yglle ¢ 25 b apalse p3 a5 6, (Mittler 2002)
@ daad ) g S p el o9l « Sk > Lycium ruthenicum s oy, 5> (Lata et al. 2011) w25 4
A3 S Jsbme SaclanssS clie Gl 4 355 53 (—3)J55 (GUO et al. 2018) il a3l (sl i s5b
dow Sl G )3 9 03,8 oo Sl S151 w3l SO olgie 4 5YB (Sanchez et al. 1998) s)ls o)l 1o S5 s
Niknam et al. ) 5,5 oage p coto i o 3emST 0] olaaisS o y56 @l il gals g lapgs STy )3 0dd g5 )59,
2 1y Jesie aly p3 g s balyd 0 VB iy el (gladllas 45 .(2006; Simova-Stoilova et al. 2008
.(Koca et al. 2007) cul oais )83 a5 4 Jooo 3 o 2blg 9 e Sl slodisS 13935 5 aylg ol yidn cbils
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Figure 3. Guaiacol peroxidase, chlorophyll, protein and carbohydrate content traits mean
comparison chart of lentil in drought stress
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ol &y o BAD 5T €05 Jlog cladiges > OEE2WRKYLXTHFBA AQUAPIP2 s ol iisls ol
Dy ply ¥ D YN VI 290 i Ay (e gl )0 9wl /T A /N AN Dgds a5 oo i}
JEsl ol ialial (+/+0) (oyls dme yob 4 (Sutid wad a5 bl )3 5 ol (e oo oliee FAQUA PIP2

4 e TAAQP 7 s by ial33l e sladllas ,> (Tyerman et al. 2002) 9 o J S cpy90lsST baw g Lie 3
DA Ay oo om0 g 008 lié g 5 ST 0l slatisS mane (2l iS5l slaps 5T penasilio T3l
Sty ok Gl «gjeml Jouily 2005 ol e oo (ZDOU € Al 2012) 05 o Wl el 5 i 0 ], Sts
Alexandersson et al. 2005; Zhuang et al. 2015; ) 5)li5 o 36 Sy Ol (s slgie g (ol pandil ogr0

(Wang et al. 2017

v

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500

5, ST,



RN,

VEY (o Kot 5y

W o5 e als
o

t
s 8 & L
%

Fold Change

o N A O ©®

AQUAPIP2 FBA XTH WRKY1 OFE2

B A5 g sl
[ [EETRWCRe.t

7

6

(1}

3

Fold CHange

N W R

AQUAPIP2 FBA XTH WRKY1 OEE2

i 995 99 3 (JAS) Ml 4y Cod sy AT 50 By (i ol Hlages £ JSS
Figure 4. Gene expression in both genotypes under drought stress compared to control
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(Purev et al. 2008; Fan et al. 2009) il il531 sl G samal 5 (Sid bj (5,95 4 pOrtulacastrum
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(omrsgiel)] 35l Gilie oL )3 o Jsb 335 5 5T nl b s (e (Siesod 13 (S 93 5 0 )l 5 Jsb
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(Yang et al. 2020) 345 .»
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Oxygen uSleS 1l oo I o 528 ,> OXYQEN VOIVING gy (uSliaS w32 Ko 9 6399 1Sy L Loy
p9yS g (sl o W claasly 15 9 CPA3 (CPAT D2 D1) I3l gy Licd (ggls «pasl JolSG 4lalS Evolving
S o il ey (gt Cagl 53 (5)9y—d G 4 Al g (KDR Y XYY OA) ()1 (g 4 5 (D559

(S iy By S, > OEE sl wid,ass o il > .(Papageorgiou and Murata 1995)
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Table 2. Similar proteins to selected ones, similarity and predicted secondary structural
features

syl B- oy sdlew o 75 WL (5 Sl aldo (g O3
turn helix turn
Position Disulfide  Oligomer  %Similarity Organism Similar Gene
bond protein
ok (slise ol ySgen 72 Spinacia  AQUASOPIP2 AQUA
Cell 2 1 1 1 Homotetramer oleracea PIP2
membrane
Juo g 15 16 4 yelyigen 57 Arabidopsis FBA FBA
Cytosol Homotetramer thaliana
ok o)lgs yogie 85 Populus XTH XTH
Cellwal 2> M 2 2 Monomer tremula
oelSy 5 oge 60 Arabidopsis WRKY1 WRKY1
Nucleus Monomer thaliana
LS las yogie 95 Pisum C2S2M2- OEE2
Thylakoid 22 10 2 Monomer sativum typePSlI-
membrane LHCII

1 Syl sl s Lizdgen b ede OEE2 3 XTH WRKYL FBA AQUAPIP2 (cla -5 2 5 8 s
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2 SiblS s ca b aliel b oas oy i SG3gled a0 (slaedls il )ly 4y jon gl o Bl (gl bze el wuse)

vAa

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500

8, SN,



BN,

(Ye-Y Obuno; € 0 lows (VO a”b) $329US (659955 g dloxo

b e ey Jsb g ady) Siid g 5 ()jg calsp plSl a3 5 5 (g ((Sjee CAb g 43S 0la (S olas gl
b low o i 5l g iul38l law e i3 U plon plail 4y sy s o0 odmliin S 1S5 50 ioli8l o i o il 58l
wadls o LialS il cnd il basi ol gLk (SO5elen s (sbaodly jo iljls 4 bt Ll ials wpad s
o g slmodls )3 (il 4o s 23 3929 (g Il uld e 5> BRI 5 S Ol (s lgme 5 S s
e Ol GRIB Bl Sl B 5 Jide)lS Glie 5 (I3 Gl SlysSl g suSTyy JSLE YU
dLmM)’ﬂ sk s WRKYL g 5 ol (oms ol Sildl s Sy ol o5 Slgime 138l 4 e AQUAPIP2
o s b pllplcd b o o ) (Sl iS4 Jeod (]38l g an STy 5g e clale jialS ases 45 Ol.\wfluﬂ
Frwgd Coles )3 g g )S dlaime jialS 4y e OEEZ s Lo jials g olying S cdale (iliél &y FBA
3 WRKY1 AQUAPIP2 (clay i Is o 3 |y ode 5 %39 glisy) g Jobo by ilS XTH osms ol ialS o5
Adg Pge ywde ) Sus Li5 & Jess 5 FBA
Pl b BB & @S (b @l 5 (555l radp [0 o (phaghy oy Cislas 5l 38 )l 55w Low
Slhlas @) g dgein) 5 (oleialy Coly e (oS gl 5 Copie I GBRn g 980 6l Rulew y2b Jingh sl 2]

S o S5 Wlogens (LiMad )l sladleidiy

&l

Ceely; alore . lpl g pap yud pB)l 3 (Sid 4y Jood e iy p (YD) dese lile; wls 16 gotlains iy 0dljde
SV-VE AY bl Mol

References

Abdullah-Al-Rahad M, Rahman MS, Akter T et al. (2018) Varietal screening of mung bean
against whitefly and aphid. J Biosci Agric Res 18, 1478-1487.

Abebe T, Skadsen RW, Kaeppler HF (2004) Cloning and identification of highly expressed genes
in barleylemma and palea. Crop Sci 44, 942-950.

Abid G, Muhovski Y, Mingeot D et al. (2017) Identification and characterization of two faba bean
(Vicia faba L.) WRKY transcription factors and their expression analysis during salt and
drought stress. J Agric Sci 155, 791.

Abraham R (2015) Lentil (Lens culinaris Medikus) Current status and future prospect of
production in Ethiopia. Adv Plant Agric Res 2, 45-53.

Aebi HE (1983) Catalase. Meth Enzym Anal 8, 273- 286.

A

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500

5, ST,



RN,

VEY (o Kot 5y

Albouchi A, Béjaoui Z, El Aouni MH (2003) Influence d ‘un stress hydrique modéré ou sévere
sur la croissance de jeunes plants de Casuarina glauca Sieb. Collog congr sci chang. Planét
Sécher 14, 137-142.

Alexandersson E, Fraysse L, Sjovall-Larsen S et al. (2005) Whole gene family expression and
drought stress regulation of aquaporins. Plant Mol Biol 59, 469-484.

Alizadeh B, Mostafavi K, Zamanian M (2017) Study of Drought Tolerance of Berseem and
Persian Cultivars of Clover. J Agr Plant Breed 12(4), 67-76 (In Persian).

Antosiewicz DM, Purugganan MM, Polisensky DH et al. (1997) Cellular localization of
Arabidopsis xyloglucan endotransglycosylase-related proteins during development and
after wind stimulation. Plant Physiol 115, 1319-1328.

Antosiewicz DM, Purugganan MM, Polisensky DH et al. (1997) Cellular localization of
Arabidopsis xyloglucan endotransglycosylase-related proteins during development and
after wind stimulation. Plant Physiol 115, 1319-1328.

Ashraf M, Mehmood S (1990) Response of four Brassica species to drought stress. Environ Exp
Bot 1, 93-100.

Bates LS, Waldern RP, Tear ID (1973) Rapid determination of free proline for water stress
studies. Plant Soil 39, 205-207.

Biju S, Fuentes S, Gupta D (2018) The use of infrared thermal imaging as a non-destructive
screening tool for identifying drought-tolerant lentil genotypes. Plant Physiol Biochem
127, 11-24.

Blokhina O, Virolainen E, Fagerstedt KV (2003) Antioxidants, oxidative damage and oxygen
deprivation stress. Ann Bot 91, 179-194.

Bradford MM (1976) A rapid and sensitive method for the quantitation of microgram quantities
of protein utilizing the principle of protein-dye binding. Anal Biochem 72, 248-254.
Cevik S, Akpinar G, Yildizli A et al. (2019) Comparative physiological and leaf proteome
analysis between drought-tolerant chickpea Cicer reticulatum and drought-sensitive

chickpea C. arietinum. J Biosci 44, 1-13.

Chance B, Maehly AC (1955) Assay of catalases and peroxidases. Meth Enzymol 2, 764-775.

Chiatante D, Di lorio A, Sciandra S et al. (2006) Effect of drought and fire on root development
in Quercus pubescens Willd. and Fraxinus ornus L. seedlings. Environ Exp Bot 56, 190-
197.

Fan W, Zhang Z, Zhang Y (2009) Cloning and molecular characterization of fructose-1,6-
bisphosphate aldolase gene regulated by high-salinity and drought in Sesuvium
portulacastrum. Plant Cell Rep 28, 975-984.

FAOSTAT (2008) Available at: http://faostat.fao.org/.

FAOSTAT (2016-2019) Available at: http://faostat.fao.org/.

AN

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500

8, SN,



BN,

(Ye-Y Obuno; € 0 lows (VO a”b) $329US (659955 g dloxo

Feng R, Zhang Y, Yu W et al. (2013) Analysis of the relationship between the spectral
characteristics of maize canopy and leaf area index under drought stress. Acta Ecol Sin 33,
301-307.

Flechner A, Gross W, Martin WF, Schnarrenberger C (1999) Chloroplast class | and class Il
aldolases are bifunctional for fructose-1,6-biphosphate and sedoheptulose-1,7-biphosphate
cleavage in the Calvin cycle. FEBS Lett 447, 200-202.

Fracasso A, Trindade L, Amaducci S (2016) Drought tolerance strategies highlighted by two
Sorghum bicolor races in a dry-down experiment. J Plant Physiol 190, 1-14.

Fry SC, Smith RC, Renwick KF et al. (1992) Xyloglucan endotransglycosylase, a new wall-
loosening enzyme activity from plants. Biochem 282, 821-828.

Ghanbari AA, Mousavi S H, Pessarakli M (2015) Accumulation of reserve compounds in
common bean seeds under drought stress. J Plant Nutr 38, 609-623.

Gopesh GC, Vandemark GJ (2013) Stability of expression of reference genes among different
lentil (Lens culinaris) genotypes subjected to cold stress, white mold disease, and
Aphanomyces root rot. Plant Mol Biol Rep 31, 1109-1115.

Gunes A, Inal A, Adak MS et al. (2008) Effect of drought stress implemented at pre-or post-
anthesis stage on some physiological parameters as screening criteria in chickpea cultivars.
Russ J Plant Physiol 55, 59-67.

Guo YY, Yu HY, Yang MM et al. (2018) Effect of drought stress on lipid peroxidation, osmotic
adjustment and antioxidant enzyme activity of leaves and roots of Lycium ruthenicum
Murr. Seedeling. Russ J Plant Physiol 65, 244-250.

Haake V, Zrenner R, Sonnewald U, Stitt M (1998) A moderate decrease of plastid aldolase
activity inhibits photosynthesis, alters the levels of sugars and starch, and inhibits growth
of potato plants. Plant J 14, 147-157.

Hajheidari M, Abdollahian-Noghabi M, Askari H et al. (2005) Proteome analysis of sugar beet
leaves under drought stress. Proteomics 5, 950-960.

Harlan JR (1992) Crops and Man. CSSA16, 63-262.

Hazen SP, Pathan MS, Sanchez A et al. (2005) Expression profiling of rice segregating for
drought tolerance QTLs using a rice genome array. Funct Integr Genom 5, 104-116.
Heide H, Kalisz HM, Follmann H (2004) The oxygen evolving enhancer proteinl (OEE) of

photosystem Il in green algae exhibits thioredoxin activity. J Plant Physiol 161, 139-149.

Henkes S, Sonnewald U, Badur R et al. (2001) A small decrease of plastid transketolase activity
in antisense tobacco transformants has dramatic effects on photosynthesis and
phenylpropanoid metabolism. Plant Cell 13, 535-551.

Henkes S, Sonnewald U, Badur R et al. (2001) A small decrease of plastid transketolase activity
in antisense tobacco transformants has dramatic effects on photosynthesis and
phenylpropanoid metabolism. The Plant Cell 13, 535-551.

AY

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500

5, ST,



RN,

VEY (o Kot 5y

Hodges DM, DeLong JM, Forney CF, Prange RK (1999) Improving the thiobarbituric acid-
reactive-substances assay for estimating lipid peroxidation in plant tissues containing
anthocyanin and other interfering compounds. Planta 207, 604-611.

IBPGR, 1985. IBPGR/ ICARDA Lentil Descriptors. International Board For Plant Genetic
Resources (IBPGR), AGPG 85/117, Rome, Italy.

Idrissi O, Udupa SM, De Keyser E et al. (2016) Identification of quantitative trait loci controlling
root and shoot traits associated with drought tolerance in a lentil (Lens culinaris Medik.)
recombinant inbred line population. Front Plant Sci 7, 1174.

Kapanigowda MH, Perumal R, Djanaguiraman M et al. (2013) Genotypic variation in sorghum
[Sorghum bicolor (L.) Moench] exotic germplasm collections for drought and disease
tolerance. Springer Plus 2, 1-13.

Khan MA, Alghamdi SA, Ammar MH et al. (2019). Transcriptome profiling of faba bean (Vicia
faba L.) drought-tolerant variety hassawi-2 under drought stress using RNA sequencing.
Electron J Biotechnol 39, 15-29.

KimEY, Choi YH, Lee Jl etal. (2015) Antioxidant activity of oxygen evolving enhancer proteinl
purified from Capsosiphon fulvescens. J Food Sci 80, 1412-1417.

Koca H, Bor M, Ozdemir F et al. (2007) The effect of salt stress on lipid peroxidation,
antioxidative enzymes and proline content of sesame cultivars. Environ Exp Bot 60, 344-
351.

Kramer PJ (1969) Plant and Soil water Relationships: A Modern synthesis. McGraw-Hill, Inc.
New York.

Kumar A, Elston J (1992) Genotypic differences in leaf water relations between Brassica juncea
and B. napus. Ann Bot 70, 3-9.

Lata C, Jha S, Dixit V et al. (2011) Differential antioxidative responses to dehydration-induced
oxidative stress in core set of foxtail millet cultivars [Setaria italica (L.)]. Protoplasma 248,
817-828.

Lebherz HG, Leadbetter MM, Bradshaw RA (1984) Isolation and characterization of the cytosolic
and chloroplast forms of spinach leaf fructose diphosphate aldolase. Int J Biol Chem 259,
1011-1017.

Lichtenthaler HK, Wellburn AR (1983) Determinations of total carotenoids and chlorophylls a
and b of leaf extracts in different solvents. Biochem Soc Trans 11, 591-592.

Livak K J, Schmittgen T D (2001) Analysis of relative gene expression data using real-time
quantitative PCR and the 2~ 22T method. Methods 25, 402-408.

Lu W, Tang X, Huo Y et al. (2012) Identification and characterization of fructose 1,6-
bisphosphate aldolase genes in Arabidopsis reveal a gene family with diverse responses to
abiotic stresses. Gene 503, 65-74.

AY

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500

8, SN,



BN,

(Ye-Y Obuno; € 0 lows (VO a”b) $329US (659955 g dloxo

Mensah JK, Obadoni BO, Eruotor PG, Onome-Irieguna, F (2006) Simulated flooding and drought
effects on germination, growth, and yield parameters of sesame (Sesamum indicum L.). Afr
J Biotechnol 5, 1249-1253.

Mishra BK, Srivastava JP, Lal JP (2018) Drought resistance in lentil (Lens culinaris Medik.) in
relation to morphological, physiological parameters and phenological developments. Int J
Curr Microbiol App Sci 7, 2288-2304.

Mishra BK, Srivastava JP, Lal JP, Sheshshayee MS (2016) Physiological and biochemical
adaptations in lentil genotypes under drought stress. Russ J Plant Physiol 63, 695-708.

Mittler R (2002) Oxidative stress, antioxidants and stress tolerance. Trends Plant Sci 7, 405-410.

Nadeem M, Li J, Yahya M et al. (2019) Research progress and perspective on drought stress in
legumes. Int J Mol Sci 20, 2541.

Nakano Y, Asada K (1987) Purification of ascorbate peroxidase in spinach chloroplasts; its
inactivation in ascorbate-depleted medium and reactivation by monodehydroascorbate
radical. Plant Cell Physiol 28, 131-140.

Niknam V, Razavi N, Ebrahimzadeh H, Sharifizadeh B (2006) Effect of NaCl on biomass, protein
and proline contents, and antioxidant enzymes in seedlings and calli of two Trigonella
species. Biol Plant 50, 591-596.

Nishitani K, Tominaga R (1992) Endo-xyloglucan transferase, a novel class of
glycosyltransferase that catalyzes transfer of a segment of xyloglucan molecule to another
xyloglucan molecule. Int J Biol Chem 267, 21058-21064.

Obiadalla-Ali H, Fernie AR, Lytovchenko A et al. (2004) Inhibition of chloroplastic fructose 1,6-
bisphosphatase in tomato fruits leads to decreased fruit size, but only small changes in
carbohydrate metabolism. Planta 219, 533-540.

Obiadalla-Ali H, Fernie AR, Lytovchenko A et al. (2004) Inhibition of chloroplastic fructose 1,6-
bisphosphatase in tomato fruits leads to decreased fruit size, but only small changes in
carbohydrate metabolism. Planta 219, 533-540.

Oktem HA, Eyidodan F, Demirba D et al. (2008) Antioxidant responses of lentil to cold and
drought stress. J Plant Biochem Biotechnol 17, 15-21.

Papageorgiou GC, Murata N (1995) The unusually strong stabilizing effects of glycine betaine
on the structure and function of the oxygen-evolving photosystem Il complex. Photosynth
Res 44, 243-252.

Pritchard J, Hetherington PR, Fry SC et al. (1993) Xyloglucan endotransglycosylase activity,
microfibril orientation and the profiles of cell wall properties along growing regions of
maize roots. J Exp Bot 44, 1281-12809.

Purev M, Kim MK, Samdan N, Yang DC (2008) Isolation of a novel fructose-1, 6-bisphosphate
aldolase gene from Codonopsis lanceolata and analysis of the response of this gene to
abiotic stresses. Mol Biol 42, 179-186.

A

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500

5, ST,



RN,

VEY (o Kot 5y

Ritchie SW, Nguyen HT, Holaday A S (1990) Leaf water content and gas-exchange parameters
of two wheat genotypes differing in drought resistance. Crop Sci 30, 105-111.

Sachdeva S, Bharadwaj C, Singh RK et al. (2020) Characterization of ASR gene and its role in
drought tolerance in chickpea (Cicer arietinum L.). PloS one 15.

Saeidi K, Zare N, Baghizadeh A, Asghari-Zakaria R (2019) Phaseolus vulgaris genome possesses
CAMTA genes, and phavu CAMTALcontributes to the drought tolerance. J Genet 98, 1-
14,

Sarker A, Erskine W (2006) Recent progress in the ancient lentil. J Agric Sci 144, 19-29.

Shao HB, Chu LY, Jaleel CA, Zhao CX (2008) Water deficit stress induced anatomical changes
in higher plants. CR Biol 331, 215-225.

Simova-Stoilova L, Demirevska K, Petrova T et al. (2008) Antioxidative protection in wheat
varieties under severe recoverable drought at seedling stage. Plant Soil Environ 54, 529-
36.

Singh D, Laxmi A (2015) Transcriptional regulation of drought response: a tortuous network of
transcriptional factors. Front Plant Sci 6, 895.

Singh D, Singh CK, Taunk J et al. (2017) Transcriptome analysis of lentil (Lens culinaris
Medikus) in response to seedling drought stress. BMC Genom 18, 206.

Sinha R, Pal AK, Singh AK (2018) Physiological, biochemical and molecular responses of lentil
(Lens culinaris Medik.) genotypes under drought stress. Indian J Plant Physiol 23, 772-
784.

Sonnewald U, Lerchl J, Zrenner R, Frommer W (1994) Manipulation of sink-source relations in
transgenic plants. Plant Cell Environ 17, 649-658.

Sturgeon RJ (1990) Monosaccharides. In Methods in plant biochemistry 2, 1-37.

Talukdar D (2013) Comparative morpho-physiological and biochemical responses of lentil and
grass pea genotypes under water stress. J Nat Sci Biol Med 4, 396-402.

Thavarajah D, Thavarajah P, Sarker A et al. (2011) A global survey of effects of genotype and
environment on selenium concentration in lentils (Lens culinaris L.): Implications for
nutritional fortification strategies. Food Chem 125, 72-76.

Thompson EJ, Smith CR, Fry CS (1997) Xyloglucan undergoes interpolymeric transglycosylation
during binding to the plant cell wall in vivo: Evidence from 13C/3H dual labelling and
isopycnic centrifugation in caesium trifluoroacetate. Biochem 327, 699-708.

Tian X, Li S, Liu Y, Liu X (2016) Transcriptomic profiling reveals metabolic and regulatory
pathways in the desiccation tolerance of Mungbean (Vigna radiata [L.] R. Wilczek). Front
Plant Sci 7, 1921.

Tyerman SD, Niemietz CM, Bramley H (2002) Plant aquaporins: Multifunctional water and
solute channels with expanding roles. Plant Cell Environ 25, 173-194.

Uozu S, Tanaka-Ueguchi M, Kitano et al. (2000) Characterization of XET-related genes of rice.
Plant Physiol 122, 853-860.

Ao

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500

8, SN,



BN,

(Ye-Y Obuno; € 0 lows (VO a”b) $329US (659955 g dloxo

Valentovic P, Luxova M, Kolarovic L, Gasparikova O (2006) Effect of osmotic stress on
compatible solutes content, membrane stability and water relations in two maize cultivars.
Plant Soil Environ 52, 184.

Velikova V, Yordanov I, Edreva A (2000) Oxidative stress and some antioxidant systems in acid
rain-treated bean plants: Protective role of exogenous polyamines. Plant Sci J 151, 59-66.

Vieira CCJ (1991) Flutuagaes sazonais e caracterizacéo parcial dos carboidratos sollveis do érgdo
subterraneo de Gomphrena officinalis Mart (Amaranthaceae). MS Thesis, University of
Séo Paulo.

Volkmar KM (1997) Water stressed nodal roots of wheat: Effects on leaf growth. Funct Plant
Biol 24, 49-56.

Wang C, Wang L, Yang C, Wang Y (2017) Identification, phylogeny, and transcript profiling of
aquaporin genes in response to abiotic stress in Tamarix hispida. Tree Genet Genomes 13,
1-14.

Yang Z, Chi X, Guo F et al. (2020) SbWRKY30 enhances the drought tolerance of plants and
regulates a drought stress-responsive gene, SbRD19, in sorghum. J Plant Physiol 246,
153142.

Zadraznik T, Moen A, Sustar-Vozli¢ J (2019) Chloroplast proteins involved in drought stress
response in selected cultivars of common bean (Phaseolus vulgaris L.). 3 Biotech 9, 1-15.

Zeng Y, Tan X, Wang B et al. (2013) Sequence analysis and expression of one fructose-
bisphosphate aldolase gene in Camellia oleifera. J Green Sci Technol 1, 30-36.

Zeng Y, Tan X, Zhang L, Jiang N et al. (2014) Identification and expression of fructose-1, 6-
bisphosphate aldolase genes and their relations to oil content in developing seeds of tea oil
tree (Camellia oleifera). PloS one 9(9), e107422.

Zhang G, Liu Y, Ni Y et al. (2014) Exogenous calcium alleviates low night temperature stress on
the photosynthetic apparatus of tomato leaves. PloS one 9(5), €97322.

Zhou S, Hu W, Deng X at al. (2012) Overexpression of the wheat aquaporin gene, TaAQP7,
enhances drought tolerance in transgenic tobacco. PloS one 7(12), e52439.

Zhuang L, Liu M, Yuan X et al. (2015) Physiological effects of aquaporin in regulating drought
tolerance through overexpressing of Festuca arundinacea aquaporin gene FaPIP2. J Am
Soc Hortic Sci 140, 404-412.

AT

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500

5, ST,



