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Abstract; In order to deep our understanding of the response mechanism of cold acclimated hulless barley to low temperature stress, we used
Zangqing 148 as experimental material to analyze the different protein profile of hulless barley induced by cold stress using iTRAQ labeling
techniques combined with bioinformatics and molecular biology assays. A total of 5111 proteins were identified from the peptide fragment in-
formation of the samplesat room temperature and cold acclimation. The peptide chain length mainly distributed between 6 and 24 amino
acids. Pathway analysis revealed that the identified proteins were enriched into 126 pathways. COG analysis showed that the number of R-
class proteins was the highest, involving energy metabolism, signal transduction, and defense mechanisms. There were 886 different proteins
screened at low temperature for 18h, 499 up-regulated and 387 down-regulated. These proteins significantly enriched in four pathways: met-
abolic pathway, glyoxylate metabolism, tricarboxylic acid cycle and glycolysis.
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Table 1  Mascot search parameters

ITEM Value

Type of search MS/MS Ion search

Enzyme Trypsin
Fragment mass tolerance 0.1Da
Mass values Monoisotopic

Variable modifications

Oxidation (M), iTRAQS8plex (Y)

0.05Da
Carbamidomethyl (C), iTRAQ8plex
(N-term) , iTRAQ8plex (K)
barley (78749 sequences)

Peptide mass tolerance
Fixed modifications

Database

TEATIRIRAL B, BARRAE T, iR IR
BHG R I B AR CE -2 CAEI 4 h fESZEoh,
JERF] -8 CHBIEALTE 18 h fE(RIRAN R, R T
HIRRE R B R RS B FRVEXT B
1.3 FJHRREK iTRAQ #Rid

T A BRI PR 3 AN 1] S AR % TR AR
RIEHBHA R A, 247 8 R HUNTTRAQ i
I3HT. Hrh R UL FRRE & T, R YIS (Y ik S
-2 CHEPE4 h gyb RIS T2 1, 4k %E -8 “C AL B
18 h BYAPER T3 1, 76 AH [ 0 8] S0 T iR
BEFR AR BHE SR B3 il AR 2 CK1 L CK2 (CK3,
NG 2 AES A E I B3 B [R] R Az i
AAERA R
1.4 HiEEREFESHEER

RIS A 3 10 T ik ) BRI T 1 A A 7 2 1
e e BTz ok B 7 B, Al g bk
NCBInr SwissProt . UniProt %5, % F§ Mascot %% {4 Xf
BT TS E S ENER 1,
1.5 ZEAREEERST

K 1Quant A LB, K47 8 F1 BRI & &
O3HT. FEORFREIRE P EEE AR BURAOE B
H—Ab BRRAEAN S RGeS R R
M, HhFEERSHE 2,
1.6 COG iR

e B BT COG BUds e kAT L Xt
(BlastP, E-value = 0. 00001 ) , 7 il 1% & (4 & 7] GE 1
HREIF R AN e 7y 251t .
1.7 EREAIEST

Ve [R] — I ) A 2 4> 4 BRI L ER, SR
IQuant H L EAT, 4t 2 & i A 49 (False dis-
covery rate, FDR) #4574 1F , B FDR {H/NF 1 % 1),
HAAEE TR R, 222 A5 BOs R 1.2 151
b, BGERE P <0.05 BERN 22 8 . RSt
BT ZE SR PR, R X 2 S RGN AR kAT
KEGG & 4 7341, A5 A [m] il B 22 57 55 X Y D g
FAFE MR

#2 IQuant EESH

Table 2 IQuant search parameters

ITEM Value

Quant_peptide Use all unique peptide

Quant_number At least one unique spetra
Normalization Protein_Ratio Statistical Analysis VSN
Mass values Weighted average

Variable modifications Permutation Tests
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Basic information statistics
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Fig. 1 The basic information chart of proteome identification
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A: RNA processing and modification

800 B: Chromatin structure and dynamics

C: Energy production and conversion

D: Cell cycle control, cell division, chromosome partitioning
E: Amino acid transport and metabolism

F: Nucleotide transport and metabolism

600 - G: Carbohydrate transport and metabolism

H: Coenzyme transport and metabolism

|: Lipid transport and metabolism

J: Translation, ribosomal structure and biogenesis

K: Transcription

400 N L: Replication, recorbination and repair

M: Cell wall'/membrane/envel ope biogenesis
o M N: Cell motility

o: protein turnover, chap

Number of proteins

P: Inorganic fon transport and metabolism

200 Q: Secondary i is, transport and
R: General function pradiction only
S: Function unknown

T: Signal transduction mechanisms:
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l’ U: Intracellular trafficking, secretion, and vesicular transport

Y: Nuclear structure
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Fig.3 COG function classification of protections
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Table 3 The top twenty pathway with the largest number of protein

25 B R D

Different proteins with

i fi

Pathway pathway annotation(3347) Pathway ID
Metabolic pathways 1134 (33.88 %) ko01100
Biosynthesis of secondary metabolites 692 (20.68 % ) koO1110
Ribosome 168 (5.02 % ) ko03010
Phenylpropanoid biosynthesis 137 (4.09 %) ko00940
Protein processing in endoplasmic reticulum 113 (3.38 %) ko04141
Plant-pathogen interaction 105 (3.14 % ) ko04626
RNA transport 102 (3.05 %) ko03013
Spliceosome 101 (3.02 %) ko03040
Starch and sucrose metabolism 99 (2.96 %) ko00500
Glycolysis /Gluconeogenesis 93 (2.78 %) ko00010
Oxidative phosphorylation 91 (2.72 %) ko00190
Phenylalanine metabolism 90 (2.69 %) ko00360
Plant hormone signal transduction 81 (2.42 %) ko04075
Amino sugar and nucleotide sugar metabolism 79 (2.36 %) k000520
Purine metabolism 75 (2.24 %) k000230
Pyruvate metabolism 75 (2.24 %) k000620
Aminoacyl-tRNA biosynthesis 67 (2 %) ko00970
Carbon fixation in photosynthetic organisms 66 (1.97 %) ko00710
Glutathione metabolism 60 (1.79 % ) ko00480
mRNA surveillance pathway 55 (1.64 %) ko03015
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Table 4  Pathway analysis of the differ-expressed proteins

MR EREN  EREREA

Treﬁjims Pﬁlﬂﬁ v Different proteins .with All proteins wi%h Piﬁe Pﬁiﬁ yIDlD
’ pathway annotation pathway annotation
T1-VS-CK1 Ribosome 34 (12.69 %) 199 (4.88 % ) 1.27E-07 ko03010
Galactose metabolism 14 (5.22 %) 57 (1.4 %) 1.20E-05 ko00052
Linoleic acid metabolism 5(1.87 %) 14 (0.34 %) 0.001451093 ko00591
Metabolic pathways 110 (41.04 % ) 1353 (33.21 %) 0.003323889 ko01100
Starch and sucrose metabolism 17 (6.34 %) 140 (3.44 %) 0.009565819 ko00500
Glutathione metabolism 10 (3.73 %) 68 (1.67 %) 0.0124604 k000480
Glycine, serine and threonine metabolism 9 (3.36 %) 60 (1.47 %) 0.01537485 k000260
Biosynthesis of secondary metabolites 68 (25.37 %) 832 (20.42 %) 0.02465304 ko01110
Porphyrin and chlorophyll metabolism 8 (2.99 %) 58 (1.42 %) 0.0343349 ko00860
Alanine, aspartate and glutamate metabolism 6 (2.24 %) 38 (0.93 %) 0.03566299 k000250
Nitrogen metabolism 4 (1.49 %) 20 (0.49 % ) 0.03842929 k000910
Sphingolipid metabolism 4 (1.49 %) 20 (0.49 %) 0.03842929 ko00600
Phenylalanine metabolism 5(1.87 %) 31 (0.76 %) 0. 04933026 ko00360
T2_1-VS-CK2 Biosynthesis of secondary metabolites 116 (32.22 %) 832 (20.42 %) 2.24E-08 ko01110
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Treatments Pathway Hierent proteins .w1th All proteins Wl%h P-value Pathway 1D
pathway annotation pathway annotation

Metabolic pathways 165 (45.83 %) 1353 (33.21 %) 1.26E-07 ko01100
Nitrogen metabolism 8 (2.22 %) 20 (0.49 %) 0.000167597 ko00910
Pyruvate metabolism 16 (4.44 %) 75 (1.84 %) 0.000655527 ko00620
Carbon fixation in photosynthetic organisms 13 (3.61 %) 60 (1.47 %) 0.001789274 ko00710
Carbon metabolism 32 (8.89 %) 215 (5.28 %) 0.001950752 ko01200
Biosynthesis of amino acids 29 (8.06 %) 196 (4.81 %) 0.003446428 ko01230
Porphyrin and chlorophyll metabolism 12 (3.33 %) 58 (1.42 %) 0.003992464 ko00860
Linoleic acid metabolism 5(1.39 %) 14 (0.34 %) 0.005362733 ko00591
Phenylpropanoid biosynthesis 22 (6.11 %) 141 (3.46 %) 0.005511415 k000940
Glycolysis /Gluconeogenesis 15 (4.17 %) 88 (2.16 %) 0.009263424 ko00010
Glyoxylate and dicarboxylate metabolism 11 (3.06 % ) 64 (1.57 %) 0.0228151 ko00630
alpha-Linolenic acid metabolism 8 (2.22 %) 41 (1.01 %) 0.0245952 ko00592
Terpenoid backbone biosynthesis 6 (1.67 %) 29 (0.71 %) 0. 03786607 ko00900
Pentose phosphate pathway 8 (2.22 %) 46 (1.13 %) 0.04574858 ko0003
T3_1-VS-CK3 Ribosome 49 (7.57 %) 168 (5.02 % ) 0.001055703 ko03010
Glyoxylate and dicarboxylate metabolism 19 (2.94 %) 50 (1.49 %) 0.00153337 ko00630
Citrate cycle (TCA cycle) 17 (2.63 %) 47 (1.4 %) 0.004876824 ko00020
Glycolysis /Gluconeogenesis 28 (4.33 %) 93 (2.78 %) 0. 007637004 ko00010
Carbon fixation in photosynthetic organisms 21 (3.25 %) 66 (1.97 %) 0.01015386 ko00710
Pyruvate metabolism 23 (3.55 %) 75 (2.24 %) 0.01181941 ko00620
Metabolic pathways 243 (37.56 % ) 1134 (33.88 %) 0.0160302 ko01100
Glutathione metabolism 18 (2.78 %) 60 (1.79 %) 0.03033587 ko00480
Selenocompound metabolism 7 (1.08 %) 17 (0.51 %) 0.03140225 ko00450
Glycine, serine and threonine metabolism 14 (2.16 %) 45 (1.34 %) 0.03940914 ko00260
Glycerolipid metabolism 8 (1.24 %) 22 (0.66 %) 0.04650176 ko00561
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