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Response of different genotypes of barley to drought stress at seedling
stage and analysis of HvPIPs gene expression characteristics
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Abstract ; To study the response of different genotypes of barley to drought stress at seedling stage and explore
the germplasm resources of high-quality drought-resistant barley, 4 batches of barley with different genotypes of 2
highly resistant varieties ZDM5430 and ZDM5458 and 2 drought-sensitive varieties 7TDCADA and IL-12 were used
as materials, and polyethylene glycol (PEG-6000) was used to simulate drought conditions.Differences in drought

resistance at seedling stage of different varieties of barley were comprehensively analyzed. Through real-time quanti-
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tative analysis of PIPs in the root systems of different cultivars, the response relationship between aquaporin AQPs
genes and drought stress was studied. The results showed that barley growth was slowed down by continuous drought
stress, and the seedling length, root length, leaf water content and root water content of all treatments had a down-
ward trend. Of which the leaf water content of the four varieties decreased most significantly during drought stress for
14 days, and the decreases were 29.14%, 52.64%, 21.67% and 72.15%, respectively. The effects of drought
stress on dry matter accumulation and root-shoot ratio at seedling stage of barley were small, and the differences be-
tween treatments were not significant. However, after continuous drought, the root-shoot ratio of ZDM5430 showed
an upward trend, which increased by 4.92% , 42.86% and 21.05% compared with CK under stress for 7, 14 and
21 days, respectively. With the extension of stress time, the chlorophyll content and root activity of barley banner
also showed a downward trend, and ZDM5430 and ZDM5458 decreased less than those in the control group, indi-
cating that the morphological indexes, chlorophyll content and root vitality of drought-resistant cultivars were less af-
fected by drought stress. Analyzing the relative expression of PIPs found that under the same treatment conditions,
the change trend of HvPIPs in the root system of four different varieties of barley was basically similar. And most of
the genes of two subfamilies showed an upward regulation trend after drought stress, and only HvPIP ;1, HvPIPI;2,
HvPIP2;1 and HvPIP2;5 had a downward trend.The expression of ZDM5430 and ZDM5458 was significantly higher
than that of 7DCADA and IL-12. The results showed that this gene was involved in the adaptive regulation of barley

to drought stress, and its expression in drought-tolerant varieties was significantly higher than in drought-sensitive

varieties.

Keywords: barley; seedling stage; drought stress; HvPIPs
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Table 1  Gene-specific primer pairs used in qRT-PCR analysis
HEH AR L7l FER A PR EEe]l
Gene name Primer sequence Gene name Primer sequence
ATGGGGCAAAGGACAATGAT GCTAGCTTAGCAATGGCCAAGGAC
HoPIPIL ;1 CATTTTAGGTCCTGACACAC HoPIP2 ;1 GTCGGACTGGTGCTTGTACC
CGCGTATTGTTCATCAACCA CAGTGTCTGTGCATGCATGT
HoPIPI ;2 GCATTGCTTACGAAAGAGAG HoPIP2 ;2 GTTCAATCCAACACCAACAC
TCATCGTCGACCGATCATG TCCTTCGGTAGGAGCTAGA
HoPIPL ;3 CATACATATGCACGCTGGAT HoPIP2 ;3 AGGCATCCAAATTCCTCAAC
TTGAATGCTTTCCGTTCACG TTTCTCTACCGATCGAGTGT
HoPIP1;4 CCCACATACACCTTGAAGAT HoPIP2 ;4 ATCAGATTTGCTGGTAGGGA
TACCAAAGCCGATCGGAATA TGCAACTTCTCGACAGTTCA
HoPIP1;5 TGAATTACACACACGAGTCT HoPIP2;5 AATCTCTTGCTTGGCGGATT
. AAGCAGCCAGAATGTACAGCGAGAAC
Hv—actin

GGTACAGACCAGCAAAGCCAGAAATG
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Note: Figure A shows the morphology of barley under drought
stress for 7 d, figure B shows the morphology of barley under drought
stress for 14 d, and figure C shows the morphology of barley under
drought stress for 21 d.

B1 FEBETARRMAZYERSER

Fig.1 Seedling morphological differences of different

barley varieties under drought stress
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Table 2 Changes of seedling morphological indexes of different barley varieties under drought stress

Sib S 8] hEm Hik - i 5 L 57 NP/ mEKE TR RE HOE L
Processing Treatment Seedling Leaf fresh Root fresh Root water Leaf water Total dry Root—shoot
time/d ’ length/cm weight/g weight/g content/ % content/ % weight/g ratio

CK1 30.00+1.00de  1.05+0.35ab 0.59+0.05a 0.58+0.04a 0.99+0.35ab 0.08+0.01b 0.61+0.21a

CK2 38.00+3.61b  0.76+0.12bc 0.44+0.01bc 0.41+0.01c 0.68+0.09¢d 0.11+0.03a 0.59+0.10a

CK3 42.67+2.89a 1.25+0.07a 0.57+0.09ab 0.55+0.09ab 1.14+0.06a 0.12+0.01a 0.46+0.05a

7 CK4 34.67+3.21bed  0.80+0.11b 0.46+£0.07abec ~ 0.43+0.06bc ~ 0.73+0.09bed  0.10+0.03ab 0.57+0.05a
Tl 30.67+0.58d  0.77+0.17bc  0.46+0.16abc  0.44+0.16bc  0.69+0.18bed ~ 0.09+0.02ab 0.64+0.34a

T2 32.27+0.25¢cd  0.50+0.05¢cd 0.24+0.03d 0.22+0.03d 0.45+0.05de 0.06+0.01b 0.49+0.05a

T3 36.67+1.53be 0.92+0.06b 0.42+0.02¢ 0.39+0.02¢ 0.82+0.06bc 0.12+0.01a 0.46+0.04a

T4 25.80+4.19¢ 0.46+0.13d 0.26+0.06d 0.24+0.06d 0.37+0.15¢ 0.10+0.02ab 0.60+0.24a

CK1 38.33+2.31¢ 1.93+0.07a 0.27+0.02b 0.26+0.02b 1.82+0.06a 0.13+0.01bc 0.14+0.01¢

CK2 48.83+1.89a 1.53+0.18ab 0.46+0.11b 0.44+0.11b 1.46+0.19ab 0.09+0.01cd 0.31+0.11¢

CK3 40.67+1.53¢ 1.93+0.19a 0.36+0.07b 0.35+0.06b 1.79+0.18a 0.15+0.02b 0.19+0.05¢

14 CK4 38.33+1.53¢ 1.87+0.57ab 0.56+0.06a 0.50+0.01a 1.78+0.56a 0.54+0.07a 0.53+0.01a
Tl 31.00+1.00e 1.36+0.23b 0.27+0.02b 0.26+0.01b 1.26+0.21b 0.12+0.02bc 0.20+0.02¢

T2 44.00+£1.73b 0.70+0.09¢ 0.28+0.01b 0.25+0.01b 0.66+0.08¢ 0.07+0.00d 0.40£0.06¢

T3 38.00+2.65¢ 1.48+0.37ab 0.40+0.14b 0.37+0.13b 1.37+0.36ab 0.14+0.02b 0.27+0.03¢

T4 34.13+0.81d 0.47+0.07¢ 0.45+0.09b 0.34+0.08b 0.44+0.06¢ 0.15+0.01b 0.96+0.06b

CK1 40.33+£1.53b 3.32+0.72a 1.24+0.13a 1.21+0.13a 3.10+0.66a 0.25+0.07a 0.38+0.09a

CK2 50.00+5.00a 1.68+0.16¢ 0.82+0.15bc 0.79+0.14bc 1.54£0.15¢ 0.17+0.02bed 0.49+0.05a

CK3 43.67+3.06b 1.79+0.25¢ 0.78+0.16¢ 0.75+0.16¢ 1.65+0.26¢ 0.16+0.01cd 0.44+0.08a

21 CK4 42.67+£2.52b 2.06+0.26bc 1.03+0.10ab 1.00+0.10ab 1.90+0.27bc  0.18+0.02bcd 0.50+0.03a
T1 39.33+3.06b 2.80+0.85ab 1.20+0.14a 1.16+0.13a 2.61+0.88ab  0.22+0.03abc 0.46+0.16a

T2 45.00+5.00ab 1.65+0.27¢ 0.71+0.20c 0.69+0.20c 1.53+0.29¢ 0.14+0.04d 0.43+0.09a

T3 43.50+1.32b 2.00+0.17be 0.75+0.06¢ 0.72+0.06¢ 1.80+0.15¢ 0.23+0.03ab 0.38+0.04a

T4 39.33+2.08b 1.62+0.22¢ 0.69+0.05¢ 0.67+0.04¢ 1.49+0.21c 0.16+0.01cd 0.43+0.05a

TE : [ FUANR] /NG 5B 2% A [ b B ) 22 S5 2% 2. 25 7K F- (P<0.05)

Note : Different lowercase letters in the same column indicate significant differences among treatments ( P<0.05).



46 TR A AT 541 %
#3 FTEWMETARXZRMRAHSHEL FIL-12 75+ 2P 21 d BFHERER b &R
Table 3 Changes of root morphological parameters 24 mg - g-] 15 s i’]ﬁ%"ﬂiﬂ:Xj‘ HE 4]

of different barley varieties under drought stress

e 2C i, q::Fﬂj]‘lgﬁL}E—Fz:lﬁ]jtiiﬂlﬁ

Ak B s ] o EREK LiiE 0k AR
l)l-?(:essing Variety Total root Root surface Root []«I—H“L“ ﬂfé%%/\ E=X ﬁ’f’t‘fﬁﬁﬁﬁﬁtm Iﬁ] , 7ZDM5430 ﬂgn
time/d length area volume . L
ZDM5430  0.92:0.35a 0.9220.18a  0.9520.07a ZDM5458 Fifi 36 s (8] 3% o iy 7+ &, 7DCADA F1 1L-
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Fig.2 Changes of chlorophyll content in different barley varieties under drought stress
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Fig.3 Changes of root system activity of different barley varieties under drought stress
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Fig.4 Changes of aquaporin PIPs genes in different barley root systems under drought stress
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