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Progress and Prospects of Multi-Omics
on the Plateau Adaptation of Qingke

ZENG Xingquan, WANG Yulin, YUAN Hongjun, YANG Haizhen,XU Congping
(State Key Laboratory of Hulless Barley and Yak Germplasm Resources and Genetic Improvement/Key Laboratory of Barley Biology and Ge-
netic Improvement on Qinghai-Xizang Plateau, Ministry of Agriculture/Research Institute of Agriculture, Xizang Academy of Agriculture and

Animal Husbandry Sciences, Lhasa Xizang 850032, China)

Abstract: Qingke is a vital cereal crop in the Qinghai-Xizang Plateau. exhibiting remarkable adaptability to the extreme ecological environ-
ment due to its unique traits of cold tolerance, drought resistance, salinity tolerance, and early maturity. This review systematically summari-
zes the latest achievements in the biology of Qingke, based on the breakthroughs in high-throughput omics technologies. At the fundamental
research level, the genomic structure and evolutionary origins of Qingke have been elucidated. In terms of environmental adaptation mecha-
nisms, the molecular regulatory networks in response to abiotic stresses (such as UV radiation, drought and salinity) and biotic stresses
(powdery mildew) have been explored in depth. Additionally, the bio-synthetic pathways and regulatory mechanisms of characteristic func-
tional components, such as f-glucan and anthocyanins, have been clarified. This review proposes future research directions, including the con-
struction of telomere-to-telomere (T2T) complete genome maps, pan-genome studies, and the advancement of functional genomics research
and molecular marker development.

Key words: Qingke; genome; abiotic stress; biotic stress; quality traits; multi-omics

H M (Hordeum wvulgare var. nudum, 2n = 4R 10 V8 B W0 B R E . RO e IR A SR A
14, HED B R K & —Fpdr B R EY) . 1 Fow AR Ty s A& WA R R T T R R
A2 B Z A XA 5 A, o fmes 2 BEUR L X B i 5 0 U e B M AR R ) R R A B 3E N

Wi BE# 2025 -02 - 11

E4TE :HEARBELLSAS LT H (U20A2026) , [ K K3 75 B2 W A K R #4%% T (CARS-05) ,

TEF R 0 A975—) , B B RS 5L, 2 R Bt A4 & R T 5% . E-mail . xingquanz_2 @ taaas.org,
e 002 -



BEEBRLHE

2025 £ 18 FRAMS

Vi 75T P R X, 7 RR A4 iR 1 AR
TE A OB b LU 7500, 2 U\ Ry 2 %2
WEEY. orRW. FRER TR REL. &
H JE A R 25 7R g 0 i DX 6 A HR ] 7 Y R X 58
BT HARE RN I . AR R BE A X
T BRI IE N 2 A e R (R R R R
filt 2 BE FE SR E S0 3 B9 TR AGA L M SR BE T
AW L O 75 BR B IE SR T OB RIS
NPz 0 U B RE T R SRR

DI RE S N 2 2 T A i F 5 7 BR 2 1L 4
M 2P B, BRI R e R e iR
HA 7 A2 L R R w5 2T,
B S A ST RNA JKOF [ 45 BLAE L 18
AN T YRS IIRER AR IR R s R AL 2
VEAE IS BE 25 F T DNA YA F 4 85 48 1 55 9
AL s 8 A S i o e A R R AK 1 R Tl e
Z S E BN T T RRAE SR B A AL A 2 E R R AL
il s A S 5 T 2 DR 3R R 5 A M i A
T 5 3 R 21 2 DU DA AN [] 25 DR 28 7 AN ) 3 35 1
B BRI 25 5 AT O 7 BR A 0 R R ] 4
ST S SCRF . ATAR R L B R ad A PR EOR A
AW E B 0 R B P BRAE 2 TN 4 o e SR
Hop R RIS AL 5 DL AR A 2 2
SRR T T T X BE S 9 R
7 R AN R B G T A ) B BRSO RN S B R
T ZHFHRTEFT R EY W BT AR A Y0 5
DA K it AR S PR B 4 2 F 5 rp R 4 T R
TR 5 PR AY AR 2 O PR AT S B 4 TR B
FEA

AW I LA T BRI I AL B s 4 oy R T
Al AU R E B A e SRR R R,
RGUEGS T PR g PR 0 N, L4 A I
HEEH PR AN R BT T SR B BT R e A 2
AW TSR R BTBCR o ZRB B 5T R B 75 BRAE &
JE B 358 v A 3 M R A - TR 2 5 4 o DDA 5%
FLPT S RE Ty L £ 0 1k BT 1R A AR BB S
SN AR AL DI OC . [ B 58 45 R 1
T PRTEAS R BR 58 25 40 T 9 A R4 HL ] & 72
PR A B R et B A B AR B L O e R
F18 £ 25 3 P A9F S R R At R Y BLOE S A
BT A

1 EREFAMRAR
LT K« DR 4 B 5 A 7 R 1 3 9 1 F 5

HhORE T HEAEH . 48 R R
B 4 S T R R R 4R IR T AR . 2012 AR
o K 22 W B B (IBSO)Y M #E T — A~ 4.98 Gb [
KA P BRI  H AR I 3.90 Gb 4l 2 78 = 43 9
L EE 9, 7E DNA MR RNA JF 51 5
PR ST GRS T 26 159 N E BA5EREN,
T8 2 XN R R S A A Y R T T IZ
MRS, X IR A T i KERENR
B4 S 7 0 N Sl R N E I 7 P e S G
ISATLISE 8RB 2 K 2 R AP i R R A )
WA %E, Zeng HFHIRAMA T HRIELHE A
HE L% B N 3.89 Gb. 29 5 RS B 4
87 % Wit S A B IR A AT H R Y
o3 A B ) A B, 3R Y 7 BR AT R AE K A2 R WAk
o B O B s Dai S AR = ACIF O &
(PacBio) 75 N 1 2 F I 5 5 8 . A Sk 4 4 s
4.84 GbRY“Hi & 320" H M4, Hh 4.59 Gb 1)
FEOIA] AR R 7 SR g AR b, Bk R A R AR
1346 787 A~ H A AL AE BE Y B KT Zeng G
KA TR E IR A, H scaflN50 i 4 Mb,
ctgN50°4 1.563 Mb, #E— 254878 T 3 R 4L 19 245 44
MINEE" s Zeng 5 K A T 7 BRI SRS, K
JE°h 136 462 bp, 4GP~ 10,528 bp A ) ] T
52X IR (TRs) 5 3 P A~ X3 i R 9 54 DL X (LSC
101 375 bp) Fl/NEY HL$E DL IX (SSC 14 030 bp) 43
TF o S R I [ 21 4 65 76 2B A R g 3 A
4 SrRNA LR 29 4 tRNA £ P Wang 28
BART HRRGRARIL AL, K/NH 416 675 bp,
it T 34 ANE A GBI 19 A~ (RNA 3 H
3 A rTRNA L A 50 A~ 1E 1) F1J ) 1] 3¢
TG, a5 XA % Ry 8 5 B K R
13.60% ,GC & &4 44.33%7,

2 ERERSHUMARHER

AT AF AT R I L P T A K A2 1 A7 AE 1 A
A VLAIE B P4 A S K 22 S R s 9 A o X —
E8: S 8 B A ON R Y TR PN s
AR e B 4R L oA, — 3 5k IR
S A 2 e i IV DA Nl L Tt Bk e i
T3 38 2R S0 3 DX 5 O — b 32 A R R A
T 26 7 9B DA P I 1) A AR A R L AR By
SRS R L 7 R A R U A B A 2 . HL R
F14 35 1 22 R AR L 2 D Y T B IO A o R &

-+ 003 -



+RAME 2025 FH 1M

&R LHE

R JE B AL TPt o AR 9 A R 22 31 BRI
it A% 22 RO T R, AT LA I AR A R UR TT fig
5 4500 2 3 500 4RI A AR AL, K%
1Y 5 A S B YAk 5 PRI A B A8 AR iF S 1Y R BT
AR I B A s 2 2SR IR O HERR T A v g BT
K R .

3 BREEYDESHFRRER

T RRAE Ry 0L v D AT A S8 AP BR B 1
BAEY)  HYIME R R D7 TN Lk PR 4R % 5
PR [R] B BEBEBLE] . 30 A7k B 55 SR B L 75 B E
a7 AR PR IR T TR T R A R A b AR R
PRI, R T i . Zeng SR T UM
BRI Z A RN KRR IR R .18
IR T ARSI A2 N 7] 43 S AC Y i 41 A 7 N i
S BRI, DL S CH SR [ 45 T BRI 45 A &
BRI OR 1N I = S L g G R e/ N
TS e S R N 4%, L H &2 MYB il MYC % 5%
PR 75 I 95 75 B b B 26 Ak & W0 2R WA T Y
YRR X 75 BRAE = 1 4508 45 AR5 0 38 i M B o
TR X Xu BRI A A b 8 R R A R T
A6 A= 30T B A S 2 BOHRE L HE T T R 4 T R A
SRR W 4, S5 R L 33 28 0 R AE 30 R 3R
MW ENREEREER B RENEY TR
A SR AEH YRGS %S
BEfRE RN R A A S . MR T 5 Wia
i) 1 AH G Y %% 53 B F- (A ARR-B VAP 2 .GRAS .
ARF 55) 1Y & 4, X 26 P 76 8 % 48 ) 0 &2 f
i3 B A b R T B BEAE Y. X SRR
PR 75 BRAE AR AR W 030 R 9 43 08 45 ML i L
TEEARE I RN FE MR T
BRI L

T 5 W aE xF BRI BRI G
U Xu S o i s Al R AR I 4 B O B Ay
BT o LT 5 1 A 3 2 i 5 R %) 5 R AR
KRB ALEE T AR A BGE R, B
FE AT 2 AW G . LR A ) T R
Joh 38 BT A2 PR . AN U5 A R TR 2R
A5 TR %, K HVUL7TH11410
B0 W LT RS I G o R A R A B S A
16 1 ofe 1 SR A 0 1 BT SRR s Yu SR A 3
Y CIKAr H7 R IR S 3R 3K 1) CYP84 K& A W] g
ZH5THRU BN, —Jomm— b2

« 004 -

i £ Sy e - 70 7 BRI S 0URR R A B 2 )RR 2
SR | RS2 B UDP 3 25 88 5% 7 i 5% [
PR s Jiabu 55 3k 75 BT 5 W 6 e R 5
LAl DNA H 361k 3h 45 48 1k 19 0F 52, 3E 1
TR T R 2 B S B B SR T DL T R
i 360 3447 e Y s Wang 55 F F DNA - H 3 4k 5
AT UEW] T F R K W 5 & h o, iE
1w F P HOVUSG2784400 1y B 3 Ak . 45 i
FER Y 22 S Rk, N & T O R S fg
J379 s Wang %5 2R FHECHE 20 57 R 4R % B R 47
FE R AL 2 A ML R T A2 M (XL R
B (DQ) i b b 28 1 T 3 B AR Ak, 3R M e e
U6 921 ANER (T, s i E A A O R i
WEMER B Z RN EEZBEME NN,
i 1 SN M AT ) T RE A O B AE 9B B
T 2

AR a8 S Al A 7 e F R AR AR e A
Z—. Wang S5fF 52 LW, SR 0808 19 AR [ B B
A H mRNAs Fil IncRNAs 25 7 h 5l i 17 .
J V% TR CABAD 76 75 BR &R ok 36w 1A 5 1% 5 b i
KARAE BT 2 WF 98 . 8 2L E AR A R AR R
JoiR 0L ik 2 6 AR R 7 & B TR AZ 6 b 20 A S dk
R WA 5 5 P AEUT R 1B 0 VA T R 4N i 25 A TR
AL F E AR T miRNA 5L T RE 5 4 4
Br 22 WA, SR BB 30 0 N miRNAs B e R L N
T 2R 5 )% 5 - 38 1) AR ) 2 e B A OG L I R G Y
155 BT 3 X BRI AR BN B kB R
FIFER™Y s Yu S5 i 2 5L R4l 0. # s T 1E
R 3E R, 7 R £R AR HUSSE AR T 4 B ) H3
B AL 27 (M A R — 3 K (H3K4me3 Al
H3K27me3) (1 53 11 822X, 45 R 3 WY, 3 75 Fh 3 0L
1A% 61 7E R 4 5 TR 358 BT A A B AR L /R LA %
i 5P R HE T HEAEH

FEVY 38 Xt 75 B A 15 B ME R AR R L. Yuan
i 3t mRNA QU . LT i 98 AR RR A 7 A
FRRIL B (HS A1 T148) By #E sE 4% #878 T %
DAL FNA VR AL BT kN Gk i 22 5. it FESE A
R HS FER YL RS VRALHE N R B B 21 22
S FIBIEH (DEGs) , H X se 3L H £ % 5 H1 A 1k
Bl 460 ML ) AH OG . BF 9E 30 kB, ¥ WINAE i S
DEGs $ &t & TR A5 3 1) DEGs, X451 h
P BR 0 Tt FE ML R T E BB EDY Yang
SEXT VY T RR ARV B R 22 R AR AR



BEEBRLHE

2025 £ 18 FRAMS

(DAM) AT A LR 188 T 5% b S A
KRB P i B R AR Ak, a0 B 2R AL A R 2
By . FEA AR T . & BUM ZE ML bR XL e AS ifi 9
itk ZQ P74 £ 19 DAMs, 3% 7] B8 il B T XL
AR PLFEN:, EIFA AN RERRBEM2E R %
RILTE XL F1 ZQ X ¥ Ui 38 A A Qe 1 | . 7E
BT XL ZQ % Bl 2 Fh AR M =
ORI SN 17 SR A S N AW R
A G, 3R W3 B3 [ TR T ROV R I 38 1 e 7
RAE T o8 AR Y 5 Xu 25 ) FH 5% 5% 20 Fn A% it 4H
ST IR e TR AR s R ER HA S F
4, W2 F| C-repeat (CRT) binding factor 10A
(HvCBF10A) #1 Gly-Asp-Ser-Leu-motif lipase
(HvGDSL) ) £ 35 5 Z # g 5t () #1222 8] 77 7E
W S A IE A OC . TR 4 BT UESE . HYCBF10A L $2
5 HvGDSL % &, 1 Ut #k HvCBF10A & 5 3
HvGDSL Fig 5t K 3 T B, DT 52 ) 75 B2 i
FERE ), M2, HvCBF10A #1 HvGDSL fE l —
ATREFIT, AT LA 3 0 B B A DL 2 7 R
Tiif FE R J1 %

Rk = old ] LS 80 3 R A AR AL L ik
IWEEYEY) SR, ARG L ). Wei
SR R e S AL 2 T IR SR T AE 3 NS IR £R
AbER R FE P ek, A B 2 4281 274 F1 1 861
AN RAE G SRoKOF 22 7 0 3 B R AT LLGE 2
W7 LA A B A= o R A B Can AR L B AR
WA A R D o B % A [ (9 &8 F7 . & B — 2t
2K B N 1 PR A9 NIN-like 2 (B 5%
SR T R B 3K B I S R T 2 5 R0 o o,

ZEFFEVR G2 5% m thE AR SR 7 ) £
[, Yu SE3E 5 BB K AR 5 A HE BT
BRI AL, WF 58 K 5T 28 AH DA 7™ W e B 1 78
A BORH 26 J PRI 6 35 7K1 36 W e 431 4R Ak ] 3 v
AR J5E 2R A A A R L 5T Vo i Ak B T
TE W4 8] A7 75 2% 5% 36 3K (DEG) L, 31 4~ DEGs &
H5TABRZERRZ, KM 65%1 DEGs 7E 5051k 4
AR AL L, X R IR A R iR A L

GO
4 EREVMESHAERRER

AT AR T BT A= Wy 3 1) Sz R AL i A 5
13 7 E A AR T BRBL A B 40 T B A
FEITI o AR K22 L A2 4 T (Bluome-

ria graminis f. sp. hordei, Bgh) 5|t §)— Fj B 2
o 2, B M IR E BRI . Yuan
S T LR 2Rk A Y X N e R L B IO
(R0 B 480 BIL 1 4 2 5 0 9 B I 17 1 A i 7
Wy EROAE A0 BRI DS L R R 2 R L
2 F 2R 3 . Zha SR WA BR &L D
CHARTK 7 57y i e R i Rl IR 137N
o O AR X 5 AN B ] A RE AR HE AT T 41 R
FH H3K4 il H3K27 = H 3 Ak &1 1 4 3% K 41 43
My, 38 1 ChIP-seq 5 #% 5% 20 8048 W) 3 & b, &
BRI 80U M2 R RIREF T REZ H £ R Y0
oA A 1 8 s 3 3 W 3R L 3t 46 1 1 7 R R
Pt R N A EENETEH B T HER
PUIF BN T 14 2 WL 35 A% IR 8 BIL A S o R R TR ABF
U RN B 4 T BL T B B T B B R
PRE0T s B 35 A5 X 5 BRAE 1R RS T B 38 R 19 In-
cRNA &3 17 T, KM EA 2R EEN
IncRNA 5 FRM 6 P01 AR 56, BF 58 LA T 8 Bt
P H A K7 57 R R R S 137 3 R R
KZ S R T IncRNA 7875 BEFE 0 00 7
FE A IR A PR AR BB AR A 2 FHL
AL T SRS ; Sang 2558 i S 4 A BT
FAE P KR R 3, A RS T £
Tl M 00 30 2% N L 9% 2 L 200 ML 4 36 LT R R N T
O AR AL IS T — R 805 B A LY
HFFL ., WA FREEE L 222 REREN
B (i WRKY VbZIP %) , 3% S6 55 3 [H 1 1F
PR A B R R R E AR, X
S5 S B T RR BT O 9 o AL R A T
HEKE Y s Xu SR — 2R T HRTE
IR B AR U T BRI A2 Ak . % gE & B,
By HvTBTL it HyTBT2 78 & 505 7 ik
Byl R EEEAE . AWM EREE . 55
AR a8 A% & AR 3 AR Ak, T L W e R 2K 9
AWK L. (EAR R, &R
e 76 75 B s 05 AR K 32 P R LR )
AR AR X 3 W T i 4 B R RT RE R T RR R A A —
ol S F R B AR R AR L X sk B B
i T R R 0 1 3T 45 BIL A R A T o
F1 900 T BRYUR B PR A T E A B R

5 BERXERRERZAFHRHRE

GRACREEZ LR I R IR B 3
£ 005 -«



RAE 2025 £4 1 ¥

&R LHE

%
B AL T RS XL B A 7R T8 B PR O I
A7 95 R v I F A0S Mk s i LA AR
P RR w00 o B AL Y 25 1 R R MR e,
Wang 55 X% 9 4> 7 Bt i A (U575 20007 AT C27)
SR = s i W B 4. TR U 3 = = D
ST, B 326 N2 R R IKE A (DEPs),
ST RN C27 1Y B OB L B 1 BTN S i U
By B TR 20007 T BE Y RN B BE TE R o hE
AR, XHERRRKED FEW L ZHEZEN
Wik R Y R L% E i QTL.GWAS
M BSR 437, & B H 4 TE R A AR Waxy &
HITHE R B MRS N, #—2Pn
Z A2 TR, B 10 R BE S 0 22 5 5 W e
NPT, MFEsEath 4 TS B M RS
B HEESE H CsIF6 25 G 1 5L A, 3 46 JE R ] g
PR B R A R R . Ak, VR R
38 R ASRI 3 PR B & B IE 1) A 3 3
BMER A R s Li SEXRG T REE 187 5 ¥
FRRCHTT 20007 1Y FLBCHF 9T & L K 7 R IY B -
I ROME LA T B R R o
20 S 2 B AR T UE R Wk B R R AR O Ak R
JE 33 AT R 2 A A 41 o UKL R K RN I B B ) 5
PRSI . R R ZE RGBS 2T R
B R P T W R X A TR R
VE N R B BB A B M L )RS b ) L AT 7
FEACIE hIE T Z 25 B, A A Tk i, pFsE R
BH L SE M AT T B R B 2% B ) v R Ak A
AR 5 e B Ry g

Xu S S MAGTT 2 il 0 PR AR 1 #1 B2 g )
T RRIE N R B B TR AR RS
RT 6N KHEEGEAAT RS WGBS MmEE T
AR R 3 Se i X 7 BRAFRL T AL T R AT AR
WA REA B, b5 &, s PAL.
C4H .4CL ,HCT .CHS.CHI,F3H,DFR,ANS
M UFGT 7EWN )5 TE T BROFE ALK B o 78 v 4 il
WWERMNEY G . 88 T2 b, 0 ik 1 =
5K H R B M & AN 0k R, I HoGT1,
HuGT2., HuGT3, HuGT4, HoMaT F HvOMT,
T R DR A A 0, B A B B R B R A L X Ak
HRMAEDR R R CHAEN., o o
SE T ST HYMYC2, K 5 H £4EW A
IO B PR 3R GA M OC TE WE BR mL IE SR T
HvMYC2AE T 165 R R R E T

« 006 -

6 RBE
I

EHBRERNAM R CBUG RE#FEHE
HIY 1 A 15 31 it L 21 it okr (CT2T) ) 1Y 58 48 41 %%
B 0 Y AR S W ik 25, R R A R AR A T 58
P T RS R 20 21 % 0B ol R A 5% G O TR 2 4
P RN Ly RE £ (b 5T v A A AL . T2T kPN 2H 2H
B8 TORE 1 b 5 0 A% ook VAR 4 % RNA &5 5¢
L 43, DT 48 78 Ik DR 38 3 8 4 1 B2 2 BIL A
WAL, T2T 6 K2R Bl T 48 75 9 6] #0490 )4 19
HE DA 20 T Ak ok R ) Gl o LA R A ) T2T
FENA AT DR EN AN EN . EE Y
A s AL A, O AR T2T
o FEDI AT B E A AR T BORS ME R T Al i
JC 1] Bt %) 2 DA 40 40 %, AT LA S o A b o 7 5 i L
PR G %) 22 DR A0 PR AR A A (QTL) , AT i
AL R A E .

12 K& R 2H BE 5T RE 1% 4 I 48 s ) R N A TR A
ST A R YS R = c S U N A N
AR JE R A, mT DL &k B0 O 3 R4 (core ge-
nome) FIA] A% F& A 2H (accessory genome) F¥) 2H A
AR Ak THTER AT i B o 0y i b g B2 12 Ak
A WE 584 B T2 98 5 4 PR 5 i ik I e
IR R BEAE A [l PR 58 25 T R B 25 = A 2R
i, 76 75 BR 0 B 58 L 38 a3z JE AL 43 A ET LA
RIS e D I P A O Y SR R DT R 8 R S
IO i JE B A5 1 o R R R U . vz R 2 B R
YED & R A T 35 5 0938 1% 55 IR i 2 43 B R (6]
i A A R L2 AT DL S B IR A O ) 3 PR AR
S N8 33 43 B A AROR e i B MR &
Bl R s SIS ~ S PN 2 7] D R e e
WSS G PR R Z 1 5 A BB Z (]
B G Z B anid i o3 A A [ AE SRS T F AR Bz
FEPR A, T LA 7 56 PR AL 22 B P A0 e 5% ) A 40 %
B2 Rt BT IV i N

TEHE R D G424 5 500 J7 T, oK o N 38 i B
PRI 2 M St " S R AZ R B 2 45 1 D
PEAH G B A it (IR 4 LS8 VP R A R AL OF
I 35 A 4 0 2 A 4 XoF 3 4 5 R g £ D) g 9 iE
FPT ity JFL A RS IO e D A B o ) LA AL 5
T 5 PR 20 722 S 5 3 oy PR E A 0 9 5 T L gk — 20
F 9 7 B A DX A 7 A (] g B PR 58 T 10 7 S 1 O
3 AT 3K LR S QA 5 )RR A 6 AL RS Nk L 4



BEEBRLHE

2025 £ 18 FRAMS

7N T PR IE NV PR R Y A B A s R IR A
WEFETT I 45 & ol e B e S 2 BT
B ik — 25 A 5 7 BR 4R U5 3t A Ak o e L I
T ORRAE o B DAY B TR ] A A, LA R
S AR Ao 2R B A R WL AR P R GBI R,
i HE A () 3t DRI [ A 25 30 55 19 7 BR 5 I
AT FL AR I R L 2 A 7 RRAE = R B P Y
7 T L B A T R L TR IR SR AN R
SEIREEIN R By 3E B . B A . aE BB 5T
S HAREZ R ER . HKITENZ
T ¢y 256 DR 97 A 3 () 2 A BIL 1 D B A AR e
AR S,

TE AR A= Wy o 38 BF 5 7 18T - R A ] ik — 2 F 5%
SO Ty 30 A R G R 3 DA 114 D) fE A 9 4
B+ L% o] 30 5 e PR 7 25 T B o 7 BRAY
PUEANERE J1 5 A6 DU T W30 5 1, 42 4 B 2 5
DU AR O 1 [H] L AT 7 3k 26 2 PR 76 75 BR v A9 3R 04
PPN o LA BB AT e e i 1 56 A 4 1 BT AR AR
AE 3 071 ) FH 2880 3 A 488 v 0572 8 5 A 1t 58 el
167 T AR TE T PR AE R B ER 5N A 2R B )
Ao 1AL 45 T 6 BAH O JE A I e i R ik
fily Rl LLSE XGF 6 B M 14 o AR 7 oK s AR 0K S
AP UM 30 7 v R AT 5T R A R T RAR AR 45 A
A5 55 PURAR RIS AR R O A PER L 42 4 A O 2
W5l i o 1 A AR T B s AR TR AR
TR s T8 A2 W 30 BIF 5 T T, RN A X 7 RR
PG B 9 A 5T - 5658 P A O 2 I ol el [
2t B 2 O B2 5 RR B0 B BE D s A b B PR IR
7 W LA T TR BB SR A OGS L B A
JRCHRR A A TR B 5 BRIV R A [R] A 0
Hah FOPEIR 0 PR B AN 4R Tl 2 H bR R OR
W B T B I R B B SR R A B
RO ity il

T RRAE 7 50 v D XY B R AR,
TR A S P AL A R SR 4 B R R 8 A
AT BN R ARk B E BN A
RS e R A A e L B 4 A
AR A PRI S 8 L 35 BRAE Sk DN A 45 4 L B0 B 0
PEALH] AN A BT AR A5 T7 169 BF 58 AT T R
HERE. KK HE T2T 3Nl 92 3 N 4L 58
) RE e R 21~ BOR B — 20 N 7 BR A 3t A%
R R 1 BT T RO R T Y K AL L Ol
JEAY B4 T 5 2 e J B 3t B S

S5 30k

[1] ZENG X, LONG H, WANG Z, et al. The draft ge-
nome of Qingke reveals adaptive patterns to the high
stressful Tibetan Plateaul[ J]. Proceedings of the Na-
tional Academy of Sciences, 2015, 112 (4). 1095-
1100.

[2] ZENG X, GUO Y, XU Q. et al. Origin and evolution
of gingke barley in Tibet [ ]J]. Nature Communica-
tions, 2018, 9(1):5433.

[3] MAYER K F, WAUGH R, LANGRIDGW | E P, et
al. A physical, genetic and functional sequence assem-
bly of the barley genome[]]. Nature, 2012, 491.:711-
716.

[4] DAIF, WANG X, ZHANG X, et al. Assembly and
analysis of a gingke reference genome demonstrate its
close genetic relation to modern cultivated barley[ ] ].
Plant Biotechnology Journal, 2018, 16(3):760-770.

[5] ZENG X, XU T, LING Z, et al. An improved high-
quality genome assembly and annotation of Qingke
[J]. Scientific Data, 2020, 7(1):139.

[6] ZENG Q. YUAN J, WANG L, ET AL. The com-
plete chloroplast genome of Qingke[]J]. Mitochondrial
DNA part A, 2017, 28(3):324-325.

[7] WANG Y. WEI Z., XU Q. et al. The complete mito-
chondrial genome of Qingke[]J]. Mitochondrial DNA
Part B, 2016, 1(1):430-431.

[8] VON BOTHMER R. YEN C, YANG J. Does wild,
six-rowed barley, Hordeum agriocrithon really exist
[J]. Plant Genetic Resources Newsletter, 1990, 77:
17-19.

[9] LIX, DODSON J, ZHOU X, et al. Early cultivated
wheat and broadening of agriculture in Neolithic China
[JJ. Holocene, 2007, 17: 555-560.

[10] ZHIJUN Z. Eastward spread of wheat into China-New
data and new issues[]]. Chinese Archaeology,2009,9
(1) :1-9.

[11] DODSON J R. LI X, ZHOU X, et al. Origin and
spread of wheat in China[ J]. Quaternary Science re-
views, 2013, 72:108-111.

[12] BARTON L, AN C B. An evaluation of competing
hypotheses for the early adoption of wheat in East A-
sia[J]. World Archaeol, 2014, 46 775-798.

[13] LONG T, LEIPE C, JIN G, et al. The early history
of wheat in China from '"C dating and Bayesian
chronological modelling[ J]. Nature Plants, 2018, 4.
272-279.

[14] WANG J, LIU L, BALL T, et al. Revealing a 5000-

« 007 -



+ R4S

2025 % 1 H

E&RKLHE

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

(24]

[25]

y-old beer recipe in China[J]. Proceeding of the na-
tional academy of sciences, 2016:01465.

CHEN F H, DONG G, ZHANG D, et al. Agricul-
ture facilitated permanent human occupation of the
Tibetan Plateau after 3600 B.P[]]. Science, 2015,
347:248-250.

ALDENDERFER M, YINONG Z. The prehistory of
the Tibetan Plateau to the seventh century AD: per-
spectives and research from China and the West since
1950[J]. J. World Prehist, 2004, 18:1-55.

LIU X, LISTER D, ZHAO Z, et al. Journey to the
east: diverse routes and variable flowering times for
wheat and barley en route to prehistoric Chinal]].
PLoS One, 2017, 12:0187405.

FUDX, XUT W, FENG Z Y. The ancient carbon-
ized barley (Hordeum vulgare L. var. nudum) kernel
discovered in the middle of Yalu Tsanypo river basin
in Tibet[J]. Southwest China J. Agric. Sci, 2000, 13
38-41.

ZENG X, YUAN H, DONG X, et al. Genome-wide
dissection of co-selected UV-B responsive pathways in
the UV-B adaptation of gingke[J]. Molecular Plant,
2020, 13(1):112-127.

XU Q, HUANG S, GUO G, et al. Inferring regula-
tory element landscapes and gene regulatory networks
from integrated analysis in eight hulless barley varie-
ties under abiotic stress[J]. BMC genomics, 2022, 23
(1):843.

ZENG X, BAI L, WEI Z, et al. Transcriptome analy-
sis revealed the drought-responsive genes in Qingke
[J]. BMC Genomics, 2016, 17:386-398.

XU C, WEI L, HUANG S, et al. Drought resistance
in gingke involves a reprogramming of the phenylpro-
panoid pathway and UDP-glucosyltransferase regula-
tion of abiotic stress tolerance targeting flavonoid bio-
synthesis[J]. Journal of Agricultural and Food Chem-
istry, 2021, 69(13): 3992-4005.

YU K, WEI L, YUAN H, et al. Genetic architecture
of inducible and constitutive metabolic profile related
to drought resistance in Qingke[ J]. Frontiers in Plant
Science, 2022, 13:1076000.

JIABU D, YU M, XU Q, et al. Genome-wide DNA
methylation dynamics during drought responsiveness
in Qingke[ J]. Journal of Plant Growth Regulation,
2023, 42(7) :4391-4401.

WANG Y, LI H, YANG C, et al. Identification of a
novel transcription factor under long term drought re-
sistance in highland barley, a DNA affinity purifica-
tion sequencing based transcriptomic analysis [ ] ].

008 -

[26]

[27]

[28]

[29]

[30]

Chemical and Biological Technologies in Agriculture,
2023, 10(1) 1.

WANG Y, SANG Z, XU S, et al. Comparative pro-
teomics analysis of Tibetan hull-less barley under os-
motic stress via data-independent acquisition mass
spectrometry[ J]. GigaScience, 2020, 9(3):019.
WANG Y, ZENG X, XU Q, et al. Metabolite profi-
ling in two contrasting Tibetan hulless barley cultivars
revealed the core salt-responsive metabolome and key
salt-tolerance biomarkers[J]. AoB Plants, 2019, 11
(2).:021.

EEM, FaOZE, FL5, 55, microRNA W#E K R 5
K& TR R H BRI WAL RESH
HKPBHE, 2020, 37(4):7-14.

YU Z B, SANG Z, MU W, et al. Whole-genome a-
nalysis of the trimethylation of histone H3 lysine 4
and lysine 27 in two contrasting Tibetan hulless barley
genotypes under salinity stress[J]. Acta Physiologiae
Plantarum, 2021, 43(6):89.

YUAN H, ZENG X, LING Z, et al. Transcriptome
profiles reveal cold acclimation and freezing tolerance
of susceptible and tolerant hulless barley genotypes

[J]. Acta Physiologiae Plantarum, 2017, 39.:275-288.

[31] YANG C, YANG H. XU Q. et al. Comparative

[32]

[33]

[34]

[36]

metabolomics analysis of the response to cold stress of
resistant and susceptible Qingke ( Hordeum disti-
chon)[J]. Phytochemistry, 2020, 174:112346.

XU C, GUI Z, HUANG Y, et al. Integrated tran-
scriptomics and metabolomics analyses provide in-
sights into Qingke in response to cold stress[J]. Jour-
nal of Agricultural and Food Chemistry, 2023, 71(47):
18345-18358.

WEI Z, ZENG X, QIN C, et al. Comparative tran-
scriptome analysis revealed genes commonly respon-
sive to varied nitrate stressin leaves of Qingkel[ J].
Frontiers in Plant Science, 2016, 15(4) 1067,

YU M, WANG M, GYALPO T, et al. Stem lodging
resistance in hulless barley: Transcriptome and
metabolome analysis of lignin biosynthesis pathways
in contrasting genotypes[]J]. Genomics, 2021, 113
(1):935-943.

YUAN H, ZENG X, YANG Q, et al. Gene coex-
pression network analysis combined with metabonom-
ics reveals the resistance responses to powdery mil-
dew in Tibetan hulless barley[J]. Scientific reports,
2018, 8(1):149-158.

ZHA S, YANG C, ZENG X, et al. Comparative a-
nalysis of H3K4 and H3K27 trimethylations in two

contrasting Tibetan hulless barely varieties on pow-



BEEBRLHE

2025 £ 18 FRAMS

[37]

[38]

[39]

[40]

[41]

[42]

[43]

dery mildew infection[J]. Journal of Plant Pathology,
2021, 103(1):117-126.

M, £EMK, FOZE, % 1K E (Blumeria
graminis) 38 F 78 5 H B IncRNA 23511, 4
FHPFE R, 2021, 19(17):5581-5590.

SANG Z, ZHANG M, MU W, et al. Phytohormonal
and transcriptomic response of hulless barley leaf in
response to powdery mildew infection[]J]. Agronomy,
2021, 11(6):1248.

XU C, ZHAN C, HUANG S, et al. Resistance to
powdery mildew in gingke involves the accumulation
of aromatic phenolamides through jasmonate-mediated
activation of defense-related genes[]]. Frontiers in
Plant Science, 2022, 13:900345.

1ZYDORCZYK M, DEXTER ] Barley B-glucans and
arabinoxylans: Molecular structure, physicochemical
properties, and uses in food products-a review [ ] ].
Food Research International, 2008, 41(9):850-868.
AHMAD A, ANJUM F M., ZAHOOR T, et al. Beta
glucan: a valuable functional ingredient in foods[]J].
Critical reviews in food science and nutrition, 2012,
52 (3):201-212.

E WP TR B RME A B R 2 S S B e
MR ELT ] 2K ME A4, 2018,33 (1) 185-189.
G, WSO, BRI, AE. 25 AR b 5 S Rh R

[44]

[45]

[46]

[47]

[48]

[49]

KL TR AAE G M & 2ER] Rl KR%¥E
. 2015, 30(4) . 522-527.

WANG Y. YUAN H. ZHA S, et al. Comparative
proteomic based analysis of grain nutrients in two hul-
less barley cultivars[ J]. Agronomy Journal, 2021,
113(5) :3886-3899.

LI Q, PAN Z, ZHANG Z, et al. B-Glucan content in-
crease in Waxy-mutated barley is closely associated
with positive stress responses and is regulated by
ASRI1[]J]. Carbohydrate Polymers, 2024:122536.
LIQ, LIU J, PAN Z, et al. Extraction and character-
ization of waxy and normal barley B-glucans and their
effects on waxy and normal barley starch pasting and
degradation properties and mash filtration rate[ ] ].
Carbohydrate Polymers. 2022, 8617(22):01310-01318.
XU C, ABBAS HM K, ZHAN C, et al. Integrative
metabolomic and transcriptomic analyses reveal the
mechanisms of Qingke grain coloration[ J]. Frontiers
in Plant Science, 2022, 13: 1038625.

GARG V, BOHRA A, MASCHER M, et al. Unloc-
king plant genetics with telomere-to-telomere genome
assemblies[ J |. Nature Genetics, 2024, 56(9):1788-
1799.

SHI J, TIAN Z, LAIJ, et al. Plant pan-genomics and
its applications[ ] ]. Mol Plant, 2023, 16(1): 168-186.

* 009 -



