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Investigation of salinity stress on some lentil cultivars using physiological

characteristics and molecular markers
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Abstract. Legumes are common crops in arid and semi-arid regions. This study was conducted to investigate three levels of
salinity stress on 18 lentil cultivars in the greenhouse and laboratories of Mohaghegh Ardabili University in 2016-2016 in a
factorial manner in the form of a randomized complete block design with three replications. The results of comparing average
lentil genotypes were done with Duncan's method at the five percent probability level. Correlation was done in separate stress
levels. The dendrogram of cluster analysis divided the genotypes into three groups in control and 60 mM conditions and two in
120 mM conditions. Genotypes 7 and 5 were in the top group in all groupings. The relationship between ISSR molecular markers
and physiological traits was calculated among genotypes. All traits in three levels of salinity stress had a significant correlation
with some ISSR markers. A total of 22 positive markers for physiological traits were identified at the control level, 9 positive
markers at the moderate stress level, and 23 positive markers at the severe stress level. Among the 21 studied ISSR primers, the
P8A11 marker had the largest number of gene loci related to the studied physiological traits.
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Table 1. Names of studied genotypes

owls pB,l pb olos
IRAN GACH LOC 2010-01-12 ARLYT1 (1391-92)-Gachsaran 1
ICARDA FLIP2007-16L ILL 2126 X ILL 4659-1 ARLYT2 (1391-92)-Gachsaran 2
ICARDA FLIP2010-8L ILL 2126 X ILL 6199-5 ARLYT2 (1391-92)-Gachsaran 3
ICARDA FLIP2011-1L ILL 6443 X ILL 1005-7 ARLYT2 (1391-92)-Gachsaran 1
ICARDA FLIP2011-5L ILL 6434 X ILL 6972-10 ARLYT2 (1391-92)-Gachsaran 5
ICARDA FLIP2011-6L ILL 6434 X ILL 6972-11 ARLYT2 (1391-92)-Gachsaran 6
IRAN FLIP1996-15L(Ibla 1) ILL 6209xILL5671-12 ARLYT2 (1391-92)-Gachsaran 7
IRAN ILL 4605 x ADDA 2006-03-0GA-0GA-0GA-11 -1 ARLYT3 (1391-92)-Gachsaran 8
IRAN ILL 6434 x ILL 8008 2006-03-0G-0GA-0GA-11 -2 ARLYT3 (1391-92)-Gachsaran 9
IRAN ILL 4605 x ADDA 2006-06-0G-0GA-0GA-11 -5 ARLYT3 (1391-92)-Gachsaran 10
IRAN ILL 4605 x ILL 6002 2006-02-0G-0GA-0GA-11 -8 ARLYT3 (1391-92)-Gachsaran 11
IRAN ILL 7547 x ILL 6211 2006-02-0G-0GA-0GA-11 -9 ARLYT3 (1391-92)-Gachsaran 12
IRAN ILL 7547 x ILL 6002 2006-03-0G-0GA-0GA-11 -10 ARLYT3 (1391-92)-Gachsaran 13
IRAN ILL 6211 x ILL 6002 2006-07-0G-0GA-0GA-11 -12 ARLYT3 (1391-92)-Gachsaran 14
ICARDA FLIP 2005-32L-6 URLYT (1389-92)-Gachsaran 15
ICARDA FLIP 2005-53L-7 URLYT (1389-92)-Gachsaran 16
IRAN KIMIA 17
IRAN GACHSARAN 18

oo Slacaigl ) g i Jolhe ) S5
Figure 1. Cultivation and growth stages of lentil genotypes
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Table 2. The sequence and binding temperature of ISSR primers used

(OC)Loo ol é‘y o ylous (OC) Lo ol ‘;|5; 0 lou
43 AGA GAG AGA GAG AGA GT 13 42 GAG AGA GAG AGA GAG 1*
42 CTCTCTCTCTCTCTC TA 14 45 ACA CAC ACACAC ACA 2

CCA
43 CAC ACACAC ACACACAT 15 45 AGA GAG AGA GAG AGA 3
GAA
42 TCTCTCTCT CTC TCT CC 16 45 AGA GAG AGA GAG AGA 4
GCC
43 ACACAC ACACACACACT 17 42 AGA GAG AGA GAG AGA GC 5
43 AGA GAG AGA GAG AGA GCT 18 42 AGA GAG AGA GAG AGA GG 6
43 AGA GAG AGA GAG AGA GCC 19* 42 GAG AGA GAG AGA GAG AA 7
43 GAG AGA GAG AGA GAG ACC 20 42 AGA GAG AGA GAG AGACT 8
44 CAC ACACAC ACACAC ACC 21 43 AGA GAG AGA GAG AGA 9
CTA
45 CTCCTCCTCCTCCTCCTC 22 43 GAG AGA GAG AGA GAG 10
ATT
42 GGA GAG GAG AGG AGA 23 46 TGT GTG TGT GTG TGT GGG 11
42 TCCTCC TCCTCCTCC 12

03 55 1,8 eoliiwl 0590 435 50 W50,55 ogr Sz sl g a5 Sla S5lel
*Primers that did not produce polymorphic bands were not used in the analysis

Table 3. Thermal cycling for amplification of DNA samples by ISSR primers
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Table 4. PCR reaction components for amplification of DNA samples using ISSR primers
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Table 5. Variance analysis of physiological traits in salinity stress in studied genotypes

Mean Square
Source of variety Degrees of | Chlorophyll RWC Ft Fu/Fm Fo Fm Soluble Proline
freedom content sugar

Repeat (R) 1 78.558" 77.072 82.222™ 0.007 11179.488™ 78676.340 37.943 0.173
Genotype (A) 17 59.277" 447.353™ 7480.418™ 0.003™ 1832.416™ 23384.661"" | 144.999™ 1.128™
Stress (B) 2 535.637" 320.604" 653.352™ 0.019™ 2640.025™ 24625.210™ | 8514.704 12.294™

A*B 34 62.296" 138.918" 9035.979 0.003 1976.959 40069.295 110.345™ 1.263™

Error 108 21.344 83.853 7960.136 0.003 1638.309 34400.062 192.418 0.625
Coefficient of Variation 16.162 14.001 38.981 7.37293 27.425 26.984 53.099 43.638

(%)

1Y 510 Sl o 5o lo sme ol 5 apses

g%

*and ** are significant at the 5% and 1% probability levels, respectively
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Figure 2. Grouping of lentil genotypes based on traits measured by the WARD method in control conditions
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Figure 4. Grouping of lentil genotypes based on traits measured by the WARD method in 120 mM conditions
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