
M
er

g
ed

  
  
  
  

  
  
  

M
ar

k
er

  
  
  

  
  
 B

ri
g

h
t-

fi
el

d
  
  
  
 G

F
P

-c
h

an
n

el

C D

35S:sGFP          35S:HvEXPB7-sGFP

0

0.4

0.8

1.2

Root Stem Leaf Seed

R
el

at
iv

e 
ex

p
re

ss
io

n
 l

ev
el

Actin

HvEXPB7

Root     Leaf     Stem    SeedA B

35S:sGFP            35S:HvEXPB7-sGFP  35S:HvEXPB7-sGFP

(Plasmolysis)

M
er

g
ed

  
  
  
  

  
  
  

  
  
  

  
B

ri
g

h
t-

fi
el

d
  
  

  
  
  

  
  
 G

F
P

-c
h

an
n

el

Actin

HvEXPB7

A

B

0

0.5

1

1.5

2

2.5

3

R
el

at
iv

e 
ex

pr
es

si
on

 le
ve

l

(1)

BSMV:γ

Control

(2)

BSMV:γ

Drought

(3)

BSMV:HvEXPB7

Control

(4)

BSMV:HvEXPB7

Drought

a
b

c c

0

20

40

60

80

K
+

co
nc

en
tr

at
io

n 
(m

g 
g-1

D
W

) C

Actin

HvPDS

0

0.2

0.4

0.6

0.8

1

1.2

Control BSMV:HvPDS

R
el

at
iv

e 
ex

pr
es

si
on

 le
ve

l

A B

Drought is one of the most severe abiotic factors affecting crop productivity worldwide. The identification of drought tolerant crop germplasm and understanding the

underlying tolerance mechanisms is necessary, therefore, to improve the plant adaptation to drought-prone environments. As a single cell type, root hair is an

important organ in uptake water and nutrients, and plays an important role in drought tolerance. However, there is a very little information about the genetic and

molecular basis of root hair development in monocots in response to drought. Tibetan wild barley is rich in genetic diversity and provides elite genes for crop

improvement in such abiotic stress tolerance as drought. In this study, the drought-tolerant Tibetan wild barley XZ5 was used. Based on the genotypic differences of

root hair development and root hair transcriptome in response to drought stress, the root hair development-regulated gene, HvEXPB7 being associated with drought

tolerance in XZ5, was isolated and cloned, and the molecular drought-tolerant mechanism in wild barley was studied.

Results
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Fig. 7 Silencing of the phytoene desaturase (PDS) gene in wild barley XZ5 using BSMV-VIGS.

1014  bp

396                    93                        525

UTR ATG Exon Intron TGA

5' 3'

GT AG
2000 bp

1000 bp

2000 bp

1000 bp

M  cDNA M   DNA
A B

C

1      aatctccccaacggcattaaccaccagagtagggtcatcgatcagtaaccaacgagaccagcaagcgagccatggcagcggccttttcct
M  A  A A F  S  S

91     cctactccgtcgcggccgctttcctctgcctgctcgccgccaacggctgctgcggctgcccctggtttctccctgctacattctgccctg
Y  S  V  A  A A F  L  C  L  L A  A N  G  C  C G  C  P  W  F  L  P  A  T  F  C  P  E

181    aaccgacacccgaccccatacctacacctgaccccgctccagctacacctccgcctgctctggctacccccagcccaggctccggctctg
P  T  P  D  P  I  P  T  P  D  P  A  P  A  T  P  P P A  L  A  T  P  S  P  G  S  G  S  G

271    gcagcgccaacggttccatgggcggctggctggacgccagggccacatggtacggcgctccggatggcgccgggccgttggacaacggtg
S  A  N  G  S  M  G  G W  L  D  A  R  A  T  W  Y  G  A  P  D  G  A  G  P  L  D  N  G  G

361    gcgcgtgcgggttcaagaacgtgaacctgccgcccttcaacgccatgacgtcgtgcggcaacgagccgatcttcaaggacggcaagggat
A  C  G  F  K  N  V  N  L  P  P F  N  A  M  T  S  C  G  N  E  P  I  F  K  D  G  K  G  C

451    gcggctcctgctaccagataaggtgcgtgggcaaggttcacccagcgtgctccggcgaccccgagacggtgatcatcaccgacatgaact
G  S  C  Y  Q  I  R  C  V  G  K  V  H  P  A  C  S  G  D  P  E  T  V  I  I T  D  M  N  Y

541    actacccggtcgcccgctaccacttcgacctcagcggcactgccttcggcgccatggccaaggacggccgcaacgacgagctccgccacg
Y  P  V  A  R  Y  H  F  D  L  S  G  T  A  F  G  A  M  A  K  D  G  R  N  D  E  L  R  H  A

631    ccggcatcatcgacatgcagttcaagagggtgccgtgccagtacacagggctgtccgtgacgtttcacgtggagaaggggtcgaacccga
G  I  I D  M  Q  F  K  R  V  P  C  Q  Y  T  G  L  S  V  T  F  H  V  E  K  G  S  N  P  N

721    attacctggcgatcctggtggagtacgggaacggcgacggcgacgtggcgcaggtggacctcatggacggcggcgagccaacggtgtcct
Y  L  A  I  L  V  E  Y  G  N  G  D  G  D  V  A  Q  V  D  L  M  D  G  G E  P  T  V  S  W

811    ggaggccgatgagggagtcctggggctccatctggcgcctggacacgcggcgcccgcttcgggggcccttctcgctgcgggtcaccaacg
R  P  M  R  E  S  W  G  S  I  W  R  L  D  T  R  R P  L  R  G  P  F  S  L  R  V  T  N  G

901    ggtccggcaggtcgctcgtcgcggaccaggtcatccccgccgactggcagcccgacaccgtgtacagctccgacgtccagttcgatgaat
S  G  R  S  L  V  A  D  Q  V  I  P  A  D  W  Q  P  D  T  V  Y  S  S D  V  Q  F  D  E  *

991    gatcccgtccgatgatccatggaaggcatgcacgtacgtccatgcctgcatggattttttgtgccaagctatatagctgagacgtcgcct
1081   gtgacttccggtgcaagtcctcgtcgtgtgctacctatgctacatatgtacacgtagtacataacatacgtggcagctttaattagtttg
1171   tgggatctggagtaggcagcgagtagtatatattgctcgcagctataaatttacgtttgtaatttctcctgtattacacaagtttattat
1261   gtcactggtgtgtataaa

Fig. 6 Phylogenetic tree, tissue expression pattern and subcellular 

localization of HvEXPB7.
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Fig.5 Relative positions of RHEs in the HvEXPB7 promoter regions of XZ5, 

XZ54 and Tadmor. 

Conclusion

Fig. 3 A predicted root hair DEGs based drought tolerance associated model in Tibetan wild 

barley XZ5 in response and adaptation to drought stress. 

Fig.1 Root hair morphology of XZ5, XZ54 and cv. Tadmor under control 

(column a, b, c) and drought condition (column d, e, f). 

Fig. 4 Gene cloning of HvEXPB7 in XZ5.

The drought-tolerant Tibetan wild barley

XZ5 has significantly well-developed root

hairs compared to XZ54 and cv. Tadmor

under drought stress; Thirty-six drought-

tolerance-related DEGs are identified, and

the full length sequence of a novel β-

expansin gene named HvEXPB7 is cloned;

The HvEXPB7 sequence from XZ5 has

abundant genetic diversity compared to cv.

Tadmor; BSMV-VIGS is successfully carried

out on wild barley; HvEXPB7 expression

plays an important role in root hair

development under drought stress. These

results, to a degree, illustrate the drought

tolerance mechanism of XZ5 and its

differences from cv. Tadmor, and HvEXPB7

could be applied in biotechnology to improve

drought tolerance via root hair growth in

barley.

Fig. 8 Functional assessment of HvEXPB7 in wild barley XZ5 via BSMV-VIGS.
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Fig. 2 Distribution of root hair DEGs in XZ5, XZ54 and Tadmor in 

response to drought stress and their function prediction.
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