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Abstract ; To obtain the superior genotype of HvHinb-1 gene related to the hardness of hulless barley
grains, two hulless barley varieties with significant differences in hardness were seleeted: Suma(hard-
ness value: 14,66+ 1. 55) and Nanmulin Chardness value: 21. 424 1. 83). The HvHinb-1 gene se-
quence through PCR were doned to analyzed the sequence characteristics, protein physicochemical
properties, and expression patterns of different genotypes, and explored their roles in the formation of
hulless barley grain hardness. The distribution and genotype of HvHinb-1 in 21 hulless barley varie-
ties with different hardness were analyzed, and the expression of HvHinb-1 in different stages of grain
development(early, middle and late milk ripening) was detected by real-time quantitative PCR(qRT-
PCR). The results showed that the HvHinb-1 was cloned from both the Suma and Nanmulin, with a
sequence identity of 98. 64 %, and two amino acid differences. HvHinb-1 is a hydrophilic basic protein
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with an isoelectric point of 8. 69 and a molecular weight of 16. 12 to 16. 14 kDa, primarily composed of

a-helices and random coils. Phylogenetic analysis indicated that hulless barley HvHinb-1 has the clo-

sest genetic relationship to wheat. In the preliminary identification of 12 samples of low-hardness hul-

less barley(hardness value range: 9. 04—15. 04), the amino acid sequence at the mutation sites 78 and

94 was H, and in 9 samples of high-hardness hulless barley(hardness value range: 18. 93 —22. 76),

the amino acid sequence at the mutation sites 78 and 94 was Q. qRT-PCR analysis showed that in ear-

ly milk ripening grains, the expression level of HvHinb-1 was significantly higher in Suma than that

in Nanmulin, and in mid-milk ripening, it was extremely higher in Nanmulin than in Suma, sugges-

ting that this period may be crucial for grain hardness formation.

Keywords: Hulless barley; Hinb-1 gene; Grain hardness; Cloning; Expression analysis
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In figure A, M is DL2000, SM, NML and Y are Suma, Nanmulin and the negative control, respectively. Figure B and C are nucleo-

AAI LTSS superfamily

[ B 1 C 4351 2 5 B F R AR T Hv Hinb-1 5 B9 A% B2 T 420
W B B R R B R FS L ER. B DM E S5 D

tide acid sequences and deduced amino acid sequences of HvHinb-1 genes in Suma and Nanmulin, and the red and blue boxes represent the
differences of nucleotide sequence between the two varieties, and the red and blue circles represent the differences of amino acid sequences

between the two varieties, respectively. Figure D and E are the conserved domain prediction of HvHinb-1 protein in Suma and Nanmulin, re-

spectively.
B 1 HvHinb-1 BEE B IE(A) R &5 47 (B~E)
Fig. 1 Cloning (A) and structurer analysis(B—E) of the HvHinb-1 gene
%2 HvHinb-1 B L1 R
Table 2 Physical and chemical properties of HvHinb-1
FE#R Index 755 Suma B AM Nanmulin
73+ F 3 Molecular formula Cr15 Hi103 N1g7 O202S1a Cr13 Hi1os Nigs O201 S1a
4yF & Molecular weight/kDa 16. 14 16.12
fa e 4880 Instability index 33. 86 37.79
JRE 58 Fat solubility index 67.01 67.01
P25 H 25 Theoretical isoelectric point 8.69 8.69
B HL fif 5% % (Asp+Glu) Negatively charged residue 11 11
TF HL R 3 (Arg+ Lys) Positive residue 16 16

LR i Number of amino acids 147 147
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A: Hydrophilicity prediction of HvHinb-1 protein in Suma; B: Hydrophilicity prediction of HvHinb-1 protein in Nanmulin; C: Sig-
nal peptide prediction of HvHinb-1 protein in Suma; D: Signal peptide prediction of HvHinb-1 protein in Nanmulin; E: Prediction of the

transmembrane structure of HvHinb-1 protein in Suma; F: Prediction of the transmembrane structure of HvHinb-1 protein in Nanmulin.

2 HvHinb-1 E B W E KM 5 S BK LB RS 45 4 38 Fuaml

Fig. 2 Prediction of the hydrophilicity, signal peptide and transmembrane domain of HvHinb-1 protein
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A5 5 HvHinb-1 & B — 90 5 W 5000 ; B B AR MRHvHinb-1 35 B — 9 854 B ; C. 75 5 HvHinb-1 8 1 = 45/ B ; D. B A bk
HvHinb-1 % F = A5 H T 5 85 (0 o MBI 5 £0 €0 O A8 i % 5 B (5 Sl ML 45 B
A: Secondary structure prediction of Suma HvHinb-1 Gene; B: Secondary structure prediction of Nanmulin HvHinb-1 Gene; C: Ter-

tiary structure prediction of Suma HvHinb-1 Protein; D: Tertiary structure prediction of Nanmulin HvHinb-1 Protein; Blue: o-helix;

Red: Extended chain; Orange: Random coil.
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Fig.3 Prediction of the secondary(A and B) and the tertiary(C and D) structures of the HvHinb-1 protein
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HvHinb-1-5M HKTLE‘LLAI iy 73
HvHinb-1-NML METLFLLAI] Iy 73
HvHinb-1 HKTLE‘LLAI iy 23
HbHinb-B METLFILA E 73
AtPinb METLFLLA E = 74
TaPinb METLFLLTIMA E T4
PjPinb - - METEXF = E 72
BiPinb METLFLLA - [E 74
ElPinb METLFLLA E 74
TmPinb METLFLLA EV[e 2 T4
HcHin METLFLLA E 73
HpHinb METLFLLA [E 73
HmHinb METLFILA E 73
HbuHinb METLFLLA i iy 3 73
Consensus g yn g gggsggcp erp 1 sckdyvme:cftrnkdfp

HvHinb-1-5M GVIQGE 1L G 146
HvHinb-1-NML GVIQGK 1E G 146
HvHinb-1 I G 146
HbHinb-B GVIOGE I G 146
AtPinb E W 147
TaPinb EVIQOGR 833 g 147
PjPinb e GVIQGK E W 145
BiPinb E GVIQGK 1] W 147
ElPinb GVIQGR K W 147
TmPinbk GMIQGK B W 147
HcHin I W 146
HpHinb ag W 146
HmHinb Tl R¥THSEK T 146
HbuHinb RVI EGE i 146
Consensus ggc ev ekcc glsgiap cred ir gg gi

u A 54 B Location of variation

HvHinb-1-SM: 75 835 5 ; HvHinb-1-NML . % Bt 5 A M : HvHinb-1: X 2 : HbHinb-B. i il X 37 % ; AtPinb: =% 111 3£ % ; TaPinb. /)
% ; PiPinb . B 2 % ; BiPinb: JG 1% 48 # ; EIPinb . # % % ; TmPinb: —ki/N# s HeHin: 5 Kk 2 s HpHinb: /b K % ; HmHinb . B 4 K % ; Hbu-
Hinb: BRZER%Z . K5 [H.

HvHinb-1-SM: Hordeum wvulgare L. var. nudum Hook. . Suma; HvHinb-1-NML. Hordeum wvulgare L. var. nudum Hook. f.
Nanmulin; HvHinb-1: Hordeum vulgare ; HbHinb-B: Hordeum bogdanii ; AtPinb: Aegilops triunciali ; TaPinb: Triticum aestivum ;
PjPinb: Psathyrostachys juncea; BiPinb: Bromus inermis; ElPinb: Elymus libanoticus; TmPinb: Triticum monococcum; HcHin:
Hordeum chilense; HpHinb: Hordeum pusillum; HmHinb: Hordeum murinum subsp. Glaucum; HbuHinb: Hordeum bulbosum.
The same in figure 5.

B 4 HvHinb-1 5RZA# Eth4E4% & Hinb-1 & 8 8 F 5 Lk 3¢

Fig.4 Sequence alignment of HvHinb-1 with Hinb-1 from other plants of the Gramineous family
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Fig.5 Phylogenetic analysis of HvHinb-1 protein and L,mﬁﬁuﬂ}q W/I\Eﬁ'nﬁlﬁj E@%ﬁ%%ﬁ%ﬁ%o *E{D_“J
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Table 3 Grain hardness of 21 hulless barley varieties

i i [l pigi 5V T
Number Variety Xining Guide Haixi Average

1 75+ K Liushitian 11.91 9.56 13. 80 11.76+2. 12
2 75 B Baigingke 13. 41 13.76 14. 48 13.88+0.55
3 T HEAi ¥ Xiakangbuging 14. 14 13.79 15. 33 14.4240. 81
4 [THE4n J5 8 Mengarunaina 13.32 11.52 15.55 13.4642. 02
5 22 H M Pulanbaigingke 14.09 15.10 15.93 15.044. 092
6 2FRE Quanzhuhei 15. 05 12.37 14. 76 14.0641. 47
7 % Ezai 11.97 12.29 14. 80 13.02+1.55
8 1% Duimangqing 11.33 12. 04 14.52 12.6341.67
9 BEi 22 Sajialan 12.98 14.00 15. 30 14.094+1. 16
10 KKk KF Changmangmidamai 8.42 6.52 12,18 9.04+2.88
11 HHM Qinggingke 12. 54 12. 26 15. 86 13.5542. 00
12 35 {" Zanggadaren 12.05 12.57 14. 29 12.9741.17
13 BEEL B Kangbagingke 20. 16 20. 41 18. 74 19. 7740. 90
14 HLEBR-HEN Zigingke-rikaze 20. 53 20. 59 20. 47 20. 5320. 06
15 Hi# 4 % Ganqing 4 20. 61 20.77 24. 30 21.89+2.09
16 H# Gannan 18. 31 20.71 20. 94 19.99+1. 46
17 B Langingke 18.70 18.55 19. 54 18.9340.53
18 K £ H M Changmaogingke 19.18 19. 60 21.91 20.234+1.47
19 A Gamu 19.78 19. 14 22. 87 20. 6041, 99
20 1758 Baigingke 19. 40 19. 27 22.10 20. 26 1. 60
21 L LB L 7 PR 22.15 23.23 22.90 22.7620.55

Erdaomeibaiyinghuiligingke

T~ 12 /N T BR AT 5 13~ 21 KO 75 R A

1—12. Low-hardness hulless barley varieties; 13—21: High-hardness hulless barley varieties.

71K Liushitian 74
B Baigingke 74
TEAATH Xiakangbuging 74
| TR 753 Mengarunaina 74
F2EER Pulanbaigingke 74
£PREB Quanzhuhei 74
R, Ezai 74
W% Duimangging 74
BEME Sajialan 74
KK K#E Changmangmidamai 74
HHM Qinggingke 74
JRE A1~ Zanggadaren 74
REFHH Kangbagingke 74
HER-HWEN Zigingke-rikaze 74
‘HH4% Ganging 4 74
H Gannan 74
WEHM Langingke 74
KBEFHH Changmaogingke 74
IEA Gamu 74
BE#R Bai hlﬁ:e 74
Sy 74
Erdaomeibaiyinghuiligingke

TR Liushitian 146
HEMH Baigingke 146
TR Xiakangbuging 146
[ TR 733 Mengarunaina 146
F2HHFH Pulanbaigingke 146
£HRE Quanzhuhei 146
R#R Ezai 146
115% Duimangging 146
BRI Sajialan 146
KK KZE Changmangmidamai 146
HHM Qinggingke 146
FUEIA]" Zanggadaren 146
BEEEHM Kangbagingke 146
EHFM-HWN Zigingke-rikaze 146
HE45 Ganging 4 146
H¥ Gannan 146
TiHH Langingke 146
KEHH Changmaoqgingke 146
EA Gamu c v 146
HEH Bai inge GGGDV r 146
BT ) 146

Erdaomeibaiyinghuiligingke gee evrekecqqlsqiap credairgviqgklg gifgigggdvikqiqraqilpskenmgadckfpsgyy

8 72 5478 Location of variation

T 12 A /INGEBE 75 B 5 5 9 A Sy RORE B8 75 BR A
The first 12 varieties are low-hardness hulless barley varieties; The last 9 varieties are high-hardness hulless barley varieties.
E 6 215 BRFH HvHinb-1 U F &£ R
Fig. 6 Sequencing results of HvHinb-1 in 21 hulless barley grain
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