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Biochemical and molecular changes in three genotypes of beans
(Phaseolus vulgaris L.) under drought stress
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ABSTRACT

Drought stress is one of the major causes of reduction in crop production. Study physiological and biochemical
processes related to drought stress can give better insight about mechanism of drought tolerance. To study the
physiological and biochemical processes, three genotypes including K-S-31167, GE-288 and Naz were subjected to 3
level of drought stress based on 25, 50 and 100 percent of field capacity using CRD design with three replication
using Factorial arrengment, Droght stress was applied five weeks after planting and lasted for 10 days. Second
terifoliate were used for sampling. The results indicated significant changes in the electrolyte leakage (EL), prolin
content (PC) and carbohydrates content (CC). Tolerant genotype (K-S-31167) had greater PC but lesser EL compare
to relatively tolerant genotype (GE-288) and sensitive genotype (Naz). This indicates that tolerant genotype had
higher membrane stability during stress. Results from measurement of soluble carbohydrate and expression of
sucrose synthase and vacuolar invertase genes showed increase and decrease in the expression of these genes
resulted in increase and decrease in the activity of the invertase and sucrose synthase enzyme which in turn influences
the concentration of soluble materials which acts as metabolic signal in response to stress.

Keywords: common bean, drought, expression gene, soluble carbohydrates, sucrose synthase, vacuolar invertase.
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Figure 1. Genes involved in the biosynthesis of carbohydrates (Krasensky and Jonak, 2012)
*Genes studied in this study are shown wit star.

O Overexpression — positive effect on stress tolerance
1-SST, sucrose:sucrose 1-fructosyltransferase; 6-SFT, sucrose:fructan 6-fructosyltransferase; FBF, fructan beta-
fructosidase; SuSy:sucrose synthase; INV:invertase; S6PDH, sorbitol-6-phosphate dehydrogenase; SDH, sorbitol
dehydrogenase; Pase, unspecific phosphatase.
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Figure 2. Distribution of bean genotypes on the basis of the first and the second components under drought stress
condition.
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Table 1. primers designed for Real-Time PCR to evaluate the expression of susy and vinv in genotypes KS-31167,
GE-288 and Naz at three levels in the control, 50 and 25% FC.

Access no. Primer name Primers sequences (5'-3") Product size (bp) Tm (c°)
FJ853595 PvSusy F: ACCTGACCCTTTCACCCTTG 137 59.52
R: TGTAAACAACTTGCCCACCA 58.97
U92438 Pwinv F: CGTCCCTCATGATCACGTC 135 59.5
R: TGGATGACTTCTCCGACACC 60.5
KF033476 Act F: AGCCGTTGAGAAGAGCTATGAG 137 59.9
R: TGTATGTTGTCTCGTGAATGCC 59
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Table 2. Analysis of variance for RWC, EL and soluble carbohydrates in bean genotypes K-S-31167, GE-288 and
Naz at three levels control, 50 and 25% of field capacity.
Mean squares

ANOVA df EL Prolin Glucose Faructose Sucrose
Genotypes 2 0.147 0.04~ 19353.14™ 1783.23" 3758.26"
Stress 2 041" 0.38" 2619.89™ 2003.56™ 18854.43"
Genotypes x Stress 4 0.04™ 0.017 605.92" 1506.30™ 757.99”
Error 18 0.0005 0.0002 7.65 5.48 8.68
CV 7.75 4.59 2.76 3.21 2.02
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Figure 3. The amount of EL in K-S-31167, GE-288 and Naz bean genotypes at control, 50 and 25%FC. Different
letters indicate significant differences according to Duncan's test (P<0.01).
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levels. Different letters indicate significant differences according to Duncan's test (P<0.01).
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Figure 5. Change in the content of glucose (a), fructose (b), and sucrose (c) in K-S-31167, GE-288 and Naz bean
genotypes at control, 50 and 25% FC levels. Different letters indicate significant differences according to Duncan's

test (P<0.01).



¥4

w5l et (JoSge g (oliardisn sl pdy s byl i) e 5 Gllale

= 97 @
2 vinv
w
8
o
5 617
@
5
=1v)
2 31
=
[
21
0 yo— : S :
GE-288 K-8-31167
-3 4 Genotype
u50% fc E25% fc
12 - (®) a
g SUSy
5 9
B
s ] .
5
=1 3 A
]
£ . . :
5 0 5 ' '
P GE-288 K-8-31167 Naz
-3 4
Genotype
W50% fc B25% fc

Qo YO 5 0° mhaw yo Lugd Naz g GE-288 KK-S-31167 slacuigs ;o susy (b) 5 Vinv (8) o5 ole comd liwe & S0

shy eedsb
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response to drought stress (50 and 25 % FC).
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