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&, OKFE. ANEEL BOKEEZ MR Ak R AL e A T
REHHE, M7 BN AR E. H s BRI
MR Bt T B EAPEIR WAL A bT . ZhRE2E D A0 F2 4
Jgt AL AL IR B R [6-7]. EN 21 HELC DIk, JEBRIZH
D TEWE REER. BEE R KEERAA
AI%%(M)%%E@%%%%&*@%%&T%M

o VEMIRBIA B PUd R R R 1A S N R E 1)
ﬁﬁ AL T R O AR AR B H AR BT
M2 RE. Z4ERBEIREE. FN, HEURRBARK D
FERIA K RENSAE 2 M AR B2 A T AR & g L . SEi
RIAEE(E R, ASHER R TG 5% . HET, B
SN AL EA IR N R NP SEET R P
2 EIRAEDE BB S N IE Y L SR BE T 4
I ERAREEEEER (B D,

HEFER MRS T KETMEE, TRk
P2 AR R AL A ROR I P R e, I EYIRL 2T 24
PIREEHEN — K RO AL AR OR8]
B P AT AR SRS AR DR SR U 6 IEAE 7 AR ok %
M gs e AR g Bt (N S A M
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BT RN, 2018 4R 36 [H e s /R K% B B M % XK
= [E B} % P B & Edwards Buckler Z(#Z & i} “ & #14.07,
BRI RE Wi B MMM . B ae it 8RR
PIEEAE ERA KR . N TR e SRR AT S R g R 11 3
REE PR B, BESIUEYH P, MEIER, A
MHESIEMA “Fl2E” B “HEe” BT A[10-11].

2. N\TEREHNFIEHIE—AIERE
B EEYREE

Bt N TR BER A ER AR BR, (5 S BORAER
X RIVRFIERAE . SRS E . BERZHE . RISy
TR AR AR FS o 1EE Py KA AN A G (A 41
S E N U, N TR AR R, oy R4
Nz [12]

2.1, ey R A RIS AT SRS A A AR SR IO

FEBEIEI D RERE L2 1K) A T, AR R AEOR )
STt R, RS SN ER AN E A . JE
AW HeE. BIREHR . THEREEEZ AR, B
B, PR A B RN KIT, Ai A N TR A
TR BN (ToT) HAAMRRK T — AR RO &
AR, IR E E MR R SRR ISR S, R
TILAER “—BRT AT B MR IBOR, 52
T REIR N EEE . BRI AR
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TEVIR AL % BE T T BRI & . 24
PERRSFAZ[E2 (@) 1o @ HER AN (UAV) e
ZMEDAR ZHER I PRI, Wibke . EYE.
Beta 2. BEERIRAAE B [13-15]. REmAEMIEE
Vi P i) 2R Y 5 e W ERFAE D O R R g A% 1 2 3
REE, BANBTENERY G0 T mE &R
BPE . =B, A A 1B R, XA B R AN T
Tt - A A T A R 25 1% S5 A0 A e g e 17 L
AEEZN[16]. WA, EEBOLEIE. mtil. M
HHLBIZ A (micro-CT) ML HE (RGB) £ MK
BEAN mEREDRYF G0 T e, +52%0
BEo A FARES LA, SRIEF & W 2 R MR,
BITVE TR T A% G B AR S VAR 8 77 VA R FE 08 . FEI
I K AR M S B (171810 B 2 (30 1 fik
WiZ 4 (LAT) A CT S MM R AR 5 2 4H %0 5 Af
gEA, ONAEW = R B P I AR 2 R AR TR LA
[19]. BEE O RBUHR SRR, BRok B 2 I hi T e
B R I, WG HER B R E B E (KNAT7 ZmTIPD
AR (OsNACs) ZJZAM (bHLHI21) VAR ZEFFAR
JF BB AT R IR (NAC9D) [20-22]1%% . X wb i i ¥ i3k
— S GEREUE B B, R AR PRI 5 7y
AR S 19,231

2.2. B AR S E H ARG SR 2 4R 4 2 KA
SR i, B A AL AR A A o M i
F PR A JE 2 e i B R A 2 SR M B AR e 4% A
IEE BRELARIA L, SEEM AN B2 LM
YRR SKBLAT ARG AR R . TR, EEEMZA
R VG B AR GO AR R A, A BRI
B NEAR IR TR AR . 20204, A Ol R F A 7 AT A
BE T TR 2 H2 A, BRI, Ford.,
RO AR, RIERIZE . 1A% A S R A PRI 2 R
i 7 ZEAMAPEEE, SRR 2 A2 i) i dE &
PR 2 AN BE M, 9 or T BT Rl BEE S it [24].
B, ZBIARAT T8 TR 2 2 800 5 0 2%
I e This FIALAS 2 S i i 1 — e D RE R, 4
P2 ) 5K T A8 I 18] S5 ¢ g R 20 1 I 4508 B [25]
2022 4, ABRCARMOBE S B A SE i R R A SE BRI T
AER 1000 2247 A M5 BHIR IR AU M, 45 & =0 e
P T SR TR RS 2 42 B LettuceGDB, NASEH
TR AL T £ 5 M R UR[26]. 202448, |7 RA5EHLA
BETROGHEFA, Fgd, Bl RUEEMERAA
NN YEESE, WE T HATRAS. REMPAE

% 5 E SoyMD [27]. [Fl4FE, 35K (Cucumber-DB)
28RS B EL (Setaria-DB) [29]/045 41 2 4 2 B B
FHYk R AT, VEYDIBAL B A SR AL T H B A B R
SHTPE (F1[24-37]D.

HAT, AKRE. Mg, Tk, KESIEEMRLHY
KEIEEREERG CORE . 5 G0 R 4 50 A
Lo, ZASRBEE SR L 7 AT R R RS
By PLUREATS ZHFEAR O, R, X SR A A
HHERGF AR IR, 2HSERENRRE S
BER AN IR I A e B R R 2%, AR
Vs A I SR RAR 20tk B4 5 R s i B Bk At

23, BT NLTEBMEZHABEG o
DRI ZH 1) SRR R R

AR E FREHE R A 2 H2EFE A E R, 20
HO“OVERIE” [H¥E & (Volume) . #HJE (Velocity) . £
FEME (Variety). FLSEPE (Veracity). FJZA8PE (Variability) «
AHPE (validity) . 7] L% (Visibility) « 0 {E (Value) «
Hot (Vexing) 1, R EME N TR BE AT REM
IEHE B ARBE . FZIRAITIN[38]. FEE N LR BEHIR
BEEMZ AR R, B FIEEIRR WL 2 2%
EVIMEIR . #hisrs PR BURMEMPTEMESEVERE R h 2
DR RN AL R R, 4 b e e R R DRR AR K
AR R R L ARG R, BRIk
BEA BT T8 EEDIRE AL, (HiF R 218 . RIfE
Dife R 2 53R Al 20 4F J5 , 7K A3 A T oK b 5 Bl o e AT
DiRe 2 € B MDA R S 01K 10% [18]. AN L& REFIKEL
PWAEE RN GRAE . SRR G JE 2R A 28 74 7
[l e I RR L, N2 H 2 RGBSR e e it T
AIAE[9,39]. 2023 4F, HErp Rl R 4t 5% 131 BAAE 2 U8 I
RERRB, Mg KR ENZHP RS MR, W
MR B s N R A AR 2 AN G S IR0 200 T34
MIE% KR . MR SEHENLES 7 I %, I IR A28 85 ™)
ePENE, BTN BTN T 2651 MEE AL (A JE ], JE
TN REAH AR I 73 0y 8 AT I 23 B, I 58 i 20 N FE K]
BT RS IE . I % G R HE i AL T 63 A B AR
TARNFRLR B 1 PR R ) 624, 7843 UE B AT SE 14
HUAE A M o BT 5T ] BN AL BRI TN MGG AE T LR E A
(PPR) &R HI W o KFF L 4 408 (R 3 A% R P L] o X TR 52
N ARGy M R D RE AR AR e R AR AL 3R A2 1R i 3
B, fE—ERE LY T & use i X [25]. 4t
WFFEUESE 13 TR BE 27 S BT A% 2 ) I 2 PR AL R 4 v
AT B B PEIR RIS 7Y B AR i [40-42]
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K1 LEEWD AR RS R S
Name Introduction Publication time Reference
Cucurbit genomics database A database that combines extensive genomic and transcriptomic data for cucumber 2024 [28]
(CuGenDB)
SoyMD This includes 38 genomes, transcriptomes from 435 tissue samples, 125 phenotypes from 2024 [27]
6 686 accessions, epigenome data, and genetic variation data from 24 501 soybean accessions
Setaria DB A database for Setaria includes genomic, phenomic, transcriptomic, and metabolic datasets, 2024 [29]
along with invaluable analytical tools
Rice hybrid resource This includes information on 486 commercial hybrid rice varieties, genomic variation, phenotype, 2023 [30]
database (RHRD) and genome-wide association data published between 1976 and 2017, totaling 3325 samples,
S million variation sites, and 17 sets of phenotypic data
Brassica napus multi-omics A database for rapeseed, includes genomics, transcriptomics, variomics, epigenetics, phenomics, 2023 [31]
information resource (BnIR) and metabolomics
SoyOmics A database for soybean, includes genome, variome, transcriptome, phenome, homology, 2023 [32]
and synteny modules
Multi-omics database for This contains the xiaomi genome of 161 844 annotations, the whole-genome resequencing data of 2023 [33]
Setaria italica (MDSi) 398 germplasms, 34 436 protein-coding genes and their expression information in 29 different
tissues of xiaomi (6) and JG21 (23) samples
CottonMD A dataset for cotton, including 25 genomes, transcriptomes in 76 tissue samples, epigenome data 2023 [34]
of five species and metabolome data of 768 metabolites from four tissues; and genetic variation,
trait and transcriptome datasets from 4 180 cotton accessions
Milletdb This contains 6 millets and their one related species genome, graph-based pangenomics of 2023 [35]
pearl millet, and stress-related multiomics data
BnaOmics A database for Brassica napus, including genome, variome, transcriptome, and epigenome 2023 [36]
MaizeNetome The first-generation multiomics integrative network map for maize, integrating ChIA-PET, 2023 [25]
mRNA-seq, circRNA-seq, and small RNA-seq
Lettuce genome database This includes two reference genomes with detailed annotations, resequencing data from over 2022 [26]
(LettuceGDB) 1 000 lettuce varieties, a collection of more than 1 300 worldwide germplasms and millions
of phenotypic records, reanalyses of 256 RNA sequencing datasets, a complete miRNAome,
metabolite information for representative varieties and wild relatives, etc.
wGRN This includes gene expression, sequence motif, transcription factor binding, chromatin 2022 [37]
accessibility, and evolutionarily conserved regulation
ZEAMAP This includes genomes, annotations, comparative genomics, transcriptomes, open chromatin 2020 [24]

regions, chromatin interactions, high-quality genetic variants, phenotypes, metabolomics,
genetic maps, genetic mapping loci, population structures, and populational DNA methylation

signals within maize inbred lines

ChIA-PET: chromatin interaction analysis with paired-end-tag sequencing; RNA-seq: RNA sequencing; circRNA-seq: circular RNA sequencing; small RNA-seq:

small RNAsequencing.
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—— i. High-throughput phenotye acquisition and analysis ii. Biological big data driven functional genomics researches

Crop RGB/spemroscopy/CT/MRI/LlDAR Data acquisition Traditional bioinformatics workflow

Crop breeding driven by the \lly . ol
Al and big data technologies will be S "'f- v | Genetic hjﬁ- AT
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revolutionized in four areas
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technologies can be Traditional

Manual processing and interpreting data is

image
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— | traditional methods methods
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i. Intelligent hybrid breeding ii. Intelligent biological breeding
(b)
E 2. T’E%aﬁﬁ?ﬁy BNF— RN TR B+ KRB IR R AR F A, (@) BB — AN TR RE AR B B AR SRS B E & Tl 78 DY AN T T s B
e O mEERAGRWG S0 GD A REIRIKE M EY IR R AR GiD BT ATEGRNEMAGHI S RIERE: G MELE
REVIT AR (b) RKEMBARGEEHEAR BT+IT) FIREZAASEHEE T RBANIEWE TR, B “XCWs)7 Rk O By s ks a
FC 7 B A AR LA A s GD FREALRIEY A FR N T G ARG B (AR, B DNAL EAFFY], WEL “HEikAR. Bl
87 RGB: ZL%%Hi: LiDAR: BOGTE1A: CT: tHENMIZHM: MRL: BSURME: ML: B85 GEBV: R ER{E.

BrBt. BN UGS 2 H A R A N T R T RL AE (AR SR S SO 110 £, RIS A 2 o b
W, FRETED RS SE Hhr. Mol ESKFEINERIEA ik 1000 fi5 DA by 4 258 R 20 3 98 5500 M 1 % 7 1 32 7
BRECE MRS A BT ARG S E 2 4, PRI 15% LA b, SARSRE R AR ORS B AR B T IR S
T R R B sl 56 ] R - 3R R - 858 LA (R O A i,

it RAA, AN KRG d & F A I E 5 = B Pl AEPIREAR N LR B R MR EE RS, ST E
rh LR BHGEVE Y BT S50 R L Lk R o B A A HE R L éﬂAéﬂﬁaFﬁiEﬁ CRUARRAL” BUNTIRE, (RREAETRLT
T, ST B AR BN . AL I RSE I AR S i A, SR A
AR R MG AR A [44]. 1%T G FE X 2 Eﬁ‘ﬁéﬂcﬂﬁﬁ%ﬂlﬂ%ﬂ%ﬁ[lo,39,45], mE2 (@) Fi.
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Name Country
AGROBASE Canada
BMS UK
PRISM USA
Phenome Networks Israel
Seed Breeding Cloud Platform China
Smart Breeding Platform China
Doraine France
NRGene Israel
CropOS USA
Huazhi Wise Breeding Manager China
Shennong Guxin Smart Breeding Platform China

2.5. B REUK BN FAE ) TRE——FE 2 38 MU Ak 3 [R5 1
R SRR TR A E R R R A

s, oy E A 4.0 B IE ISR BRI S, 5
R, SR BRIt AR MR, LA
WYL AR EY) R B AR N IREE, g A N TR
FAR BBREA,  SEIL T AR YR 2L ol = R S 5 e
it FAH—ARN TR ARMZ A BETT,
R I ThREIE IR R R IL AR AT, &
RN )07 25 WA VRE T s 397 i 1) ke DR 28 s 5 R v
DU MME SRR AT H, LT 0] RIS ] JN R 114 25 [ g
1T RAZ BN B bR AT i, AT SE L T TAR T
. KK, AL AVHASEEEAR BT+ID ®E
R, BRI R B EAA “XERIRE)” REE:
REAL R 2858 & A LS O AV P R B, A HE R
THERERRNAES, BB Hi T L E
R TR A R AR B FR N TR REHA
&Rt AR, #iF DNA. EAFFH, a7 LLseEl
“GEVEER. BEER”, 15 RIEY R R R E FORER
W R4, RAKEFIY R AL . R B
EmR . SRS TR B E Rk R AL I IR Eh
PED) THE[45], WKE2 (b AR,

3. HEM B A& IR K RS A

3.1, AL AR A IR 23 Hr

3.1.1. FRIE AR 5T 53 YRS 1 % i 1k e it

PR A R, AR SRR R E R
FRESCHEAT$2 o TR E ARAEY P 5T 55 U5 TAE YR T 20 4l
S504EAK, 1986 FFE AP FERE L, H bR EEFE 1
I AEAL LA TR R %8 . £ 2002 FE4EE, RECYIE
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LR DA PE AL, DA TR T 55
SCHE, I B R AR S S AR VEV R R PR R AT R
[46-47]. HRHE 2023 (A AT LRI B AR AEYD AT 52 R
Hat), REEZFEWRFRZE (B KN LR R R 75
KF 53 AN, MEARRE —, (LRTEE. 2021 4,
N AR AT AT S B AN PR BRI RE AL S TAE . Bl
20234E2 H, TSR T B 7.6 T34 B I A 3 DR 7R R 2 Y
YoE, REEFE B, G0, PuRs. b, PriEss
HEA R, FREM GELL3ES L E) MIEHEA
(ERNFAS ) $E, 24—, 798
PO L B AL SR R R O F T B AT

3.1.2. BRI BT

TEVIE M IEL I MEGIRE G R 2T B, FHRE
REB M IIRZ B AR . FERAC B B, RETEARE
IKFE S N S B SR B R T T A A R
B BB FIH . mERA . PG ORI K
BERARIIFFE R, ¥E 7 HFIeRiR. RS
ZAHER R, RO SRR . A KRR R
FH/NZE S CV Sl T P A S 45,4710 3% BE AR 32 AR #
TRAEIR PSR AL, DRI A 2 3 B AN P AT ]
Witk BEE D FADHMERERAEPOE R R, BRHEA
BN TFEM B 104, FREFRN Ak A JF 5
B 7 —Hasdlre 2. BRAL. PO, PSSR E R B Ok
B[R, fRon TX LR R 1 o AR AU, O fEEi
MRS T A ST MR P B R R R A TR
Y/ PAERE R R R S N N ! il b N S R N =
FERAEDE GRHEEA B SR HAR: A T e B A
BMHEARGR, BERITKE. M. X KE%EE
TR ARV I8 AL AR [47]

HAET, BFEARIEREGE MBI, LLansiEm
ARG A [ S B E A1 R Gk EE 9 (CRISPR/Cas9) [
FRGwiE FEFAUERFIN TR e B S RTRH A bR
B FReE MBS mE AR AN T R AR
B2 HS AR, WA KEAE T SHIE 5 2 0%, Sl
SR B R AT Sk . REDRE BB M AR
TRIBVIW, (B O T AW SE BHEARRE
e, BB B, BERibiflbalEi i, R
EAEEE R EIRIL, AREAR T B BRI R
G RGN A, 168 FAUS A Z e B3 N 1 H:
ARIjid, BHEHARGE BHEAREERE RIRHLA 5 4 & i
RIER. SRR RIRAE 5 A, =T F M
R, FERRI AR SRS A PRSR A )5
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3.2, FEFE AR K e 5 A ER AT A Z2 B0 B

ERRAMVIEL PIRIE AR, B AR H S
FRE et . AT WEHLBRRTRE I AZ OBOR[EI3 () 1
BREBAAL[E3 (b 1. AR BEIEAH[ES (o 1A
W K3 (D 1R, 4t 3R EFnlk 5 E
PR AT IR ZE R .

3.2.1. BHEOIFTRE IR LR

TR TEFOL R G 77 T 5 1 b4 [ AR 3 22
P DASEECAE], HAEAEY)E PO 4R 3 S e, A
AER80% HIKZ O EF . BE 2021 FE4EY], RELESTH
Foh A3 2 I w4 51 B TR SN 403 i, AR —2F
[48—49]. EZ QBRI M, REFELT “HRH”
BY“HREET B, S DR AE I R DR g R A OGS AR AT
WS AN AR SR R 735 [47,50].  ERARFR T ok 1 1k
VIR B S S AR BN, ELTE SR G0 SRR 7= b
R A% T B BRATHy . REA R 7 A L R I #F N T
RIS BT B SRR GUE, RIS E K N
FAB B, i R A AT S 6 A9 7RI A B B (471

—— USA

—e— China

Phenomics level
Cited papers

Total resources

(©)

3.2.2. BEEE I RGN HE N H

ERBEE M ARG EIE N 7T, FRIE 5 E PR
N AAER R ZERE . i 2204, Rl AR SE 5 EF)
A OB ORI B PR AR R A B Mot R A A,
M5 Bl AR H R 2w (A NRGene) HE AR A
2vw] (W LemnaTec) #EAT MBS G 1E, &5 7R AL B
BMARG. ML, RELFHREIEERS . ik
I3 HTF 6 A% O FESE DT I AFE TR, AT K
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