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A demand of agricultural development for crop functional genomics research

HU Jie, HE Yu-Qing*
(National Key Laboratory of Crop Genetic Improvement, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: Crop scientific research provides a powerful support to develop a sustainable agriculture in China.
Functional genomics research is the core field in crop scientific research. In order to deal with some of the major
problems of our agricultural development, we reviewed some demands of agricultural development for crop
functional genomics research, especially rice functional genomics research including germplasm innovation, cloning
and functional analysis of valuable genes, gene editing technology and whole-genome breeding. Further to meet the
needs of agricultural development for functional genomics research, we must promote a transformation from
genomics to crop breeding industry, exploring more excellent germplasm resources, breeding new varieties for

breakthrough in yield, quality and resistance, improving capacity for innovation of our seed industry, and increasing
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the contribution portion of functional genomics in agricultural biotechnology.

Key words: functional genomics; two-oriented agriculture; molecular breeding; crop
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BT - AR BE . &RENAH ik
P T E IR

S T brid % B B P (molecular marker-assisted
selection, MAS) fg % 0 A% L E P A1 %
PR, A EFhA B v, R ARG A 1 T
. RAREAR, N T E AR, HAT, MAS 2
ST MHBIKRE. Bk DEMKGERERE
b, W ARIVERBFEEDPUR E. B U E
PR ST AN S 0, R MAS #HT QTL &
By EAEMES BT DA S SRR B - IR 5E HARRE 502 B T
WA . FREAE QTL E AL A1 MAS & AT i)
FERI TS A, WO E S E A T, XL
HE QTL 7] LUE L 4> T hr il Bk S AR A
b BRI AR .

4= B[R 2H 3% $% 5 KR (genomic selection, GS) Jf:
AMGEAE G MAS JEFE S B TA BR LA 3 802E K 1
R, AT R AR N AR & S AL
FERI RN S R AEAE, Al 5 R A R B
WHE ML, 2R T A A 5L A AL E R E
(GEBVs), XfHrAy 53 BYA8 A O A7 s 37 DAAGE il
SEIL 2 AN TR QTLs o ik 1A B A AT, B B SEIR
FTA 7 o5 ) vl e ), R A ik B H R E B
WIE R R R ICNIRGE, FEH R AFNE . Frvh ==,
faf == A3 [ (A 7L /N O Az 7 AT TR

FHNEREE M, T T MAS 5771 T A Re LA
ME R XS, EY)RRE Ak R
NAENE G, (HRRERENR®E, i, $E
P15 Bl 2 \] 7 Sk JF R 4 2K E 7K A% 6K A 60K
BRPE R N B Bl B T A s IR 3
KA BRI . deah, RN KSR WIF a6 F A
EERNHEBRHAREITEMRR, IS T —EmK
% [68-69]

BB (breeding by design) & Peleman 1 Vander
Voort "™ 2003 44 i K 19 F F MAS #4 2 AN JE
HATHRCERAFIL B E M B AR —FhE R
JGiok, Varshney 25 U F- 2005 4F 3K 5 [H 21 24 A %
THEMPES AR, e T I R 4 B & Fh (genomics-
assisted breeding, GAB). 77 it & f &l HA
AR BT A HAR AR i iE L R A, i v 5
MLBEAT BB Tk 2 WU B AR B B MFEE, MR
KR EF—FrmgE M. »TRitE
TR A s TLAFE I TR SRAS PO IR JE,  FFIZ T Rl
N1 AR R B DR T N A R A B A
DRI ZH 00 s 55 22 b B R IR PR SR, Dl e (R 40 %
RILM 7 ABAH 552 T R AW B r
MR, AR A e 5845 LLE 7y T Wit & A SR,
MR MRS = B AR, IR E i, FHSZBi
feg “RIWBEF” BER . SR KEHREMN 1
Y O S A e B i = I S R S RSN i 28
FEARIAE « BRI E R s AR i A H
RN, BEERACE 2 MMEY g R,
i % B2 SNP FRic - & H & ot If il ik, & P
LT EARE 7 H 25 58 38 35 M T & Al 72

M2, BEEINRERERRNAT RPN, A
I RAEY R R A AR E 25 S, o FArid
WPt AR HBRI G Bt B MO A 5
DRIBEAT R At B N 7 (8

5 NESRE

et B MOV R EMR G L2/l 7 ERumk, X
WHETE L BRI A T E AR, SRBR &
SFR ZVERBEAT H LR, KB bRl 2 1E KA.
BRI T IEH HR AR M, AR TIHEK
I AT RE 8 R I BLARAR L 755K o R )2 X — L6 Xk
) E V<98 /NP 171 T AN /12 N = = S
PRl o S O AR O HERR PR R B,
PUIF R F R H . AT REE DR A1 AT L Rl R g
gl L G 3L A 7 A, KR TR AN L H Pl ) SR
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KeRes s REDE A &L dh. STAEYE s
FREYE SRS E M TRk L, EBdEMEME
DTEARME G, RAREMEIUR R, . &
I e RN AT e P I B S5 O 57 2 R B R ff H 4
SR, BEREAIARLT RO 22, &
7 T RIS AU B SEBBAE IR AR AR Ao

AR (R AT R 8 % Je 7 AR W) Th RE L DR 21 2
(RIHTF 7E SRS S 5 K IR SO . KRB D g2k (A 4
WEFC RIS St LA, WA BB [ 1 e g 3] B 22
REMRP Dy REFEF AT, L 1 BBk E,
R T HERA B R R T A ]
IryhRie, MHESD 7RI HARAE Y T RE S KT T,
PN 7T BRI AL 2 R AR A T I SE A BB AR
R A REA I AR, XD Re st RIALmT 7T
JICR ) 5 SR AR ABORBR 2 AR ARG AR AL, AR5 31 AE i
Prie S B R BE VIR 0 T AL L, wEAA
RN FHOMEL I BT SRR DY, HEREKARE DI e A
RARTTT, fedt BACRIEY B AT LR, i
EZ PR BHE, B E AR AR R
A5 T A RSB b A AT . UK
2= W AT, ST E R aSET RE ST, A
b7 44 5 e 1] 2y B ik DR 2 = X AR Nk AR WO 1 m ik
)i

(& £ X #

[11 YulJ, Hu S, Wang J, et al. A draft sequence of the rice
genome (Oryza sativa L. ssp. indica). Science, 2002, 296:
79-92

[2] Zhang J, Chen LL, Xing F, et al. Extensive sequence
divergence between the reference genomes of two elite
indica rice varieties Zhenshan 97 and Minghui 63. Proc
Natl Acad Sci USA, 2016, 113: E5163-71

[3] Schnable PS, Ware D, Fulton RS, et al. The B73 maize
genome: complexity, diversity, and dynamics. Science,
2009, 326: 1112-5

[4] Schmutz J, Cannon SB, Schlueter J, et al. Genome
sequence of the palacopolyploid soybean. Nature, 2010,
463: 178-83

[5] Ling HQ, Zhao S, Liu D, et al. Draft genome of the wheat
A-genome progenitor Triticum urartu. Nature, 2013, 496:
87-90

[6] Jia J, Zhao S, Kong X, et al. Aegilops tauschii draft
genome sequence reveals a gene repertoire for wheat
adaptation. Nature, 2013, 496: 91-5

[71 Zhang QF. Strategies for developing green super rice. Proc
Natl Acad Sci USA, 2007, 104: 16402-9

(8] FKJAK. BT AM, BT R AR AR R ARG
HSZE M. b5t B B AL, 2015

(91 @Ak, wmILR, fhiatke, & e E RS E R H 2%

[10]

[11]

[14]

[15]

[16]

[17]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

FRIBIE TSRS R LR, 2002, 35: 1095-103

A, FRERE, DRENGE, & P EEYS T EMIUR S K
JE RS AR 4R, 2010, 36: 1425-30

ERWAAE, 3855, 24, &5, b BRI B R R 30 BUIR
PRl S5 . Y%K, 2011, 37: 1-17

Jiang YH, Cai ZX, Xie WB, et al. Rice functional
genomics research: Progress and implications for crop
genetic improvement. Biotechnol Adv, 2012, 30: 1059-70
Rao Y, Li Y, Qian Q. Recent progress on molecular
breeding of rice in China. Plant Cell Rep, 2014, 33: 551-
64

H S, REMW, FU, & b KR D Re sk R 41T S
5 5. BHe£iE R, 2015, 60: 1711-22

Li XY, Qian Q, Fu ZM, et al. Control of tillering in rice.
Nature, 2003, 422: 618-21

Xue WY, Xing YZ, Weng XY, et al. Natural variation in
Ghd7 is an important regulator of heading date and yield
potential in rice. Nat Genet, 2008, 40: 761-7

Fan C, Xing Y, Mao H, et al. GS3, a major QTL for grain
length and weight and minor QTL for grain width and
thickness in rice, encodes a putative transmembrane
protein. Theor Appl Genet, 2006, 112: 1164-71

LiY, Fan C, Xing Y, et al. Natural variation in GS5 plays
an important role in regulating grain size and yield in rice.
Nat Genet, 2011, 43: 1266-9

Song XJ, Huang W, Shi M, et al. A QTL for rice grain
width and weight encodes a previously unknown RING-
type E3 ubiquitin ligase. Nat Genet, 2007, 39: 623-30
Shomura A, Izawa T, Ebana K, et al. Deletion in a gene
associated with grain size increased yields during rice
domestication. Nat Genet, 2008, 40: 1023-8

Weng J, Gu S, Wan X, et al. Isolation and initial
characterization of GW5, a major QTL associated with
rice grain width and weight. Cell Res, 2008, 18: 1199-209
Che R, Tong H, Shi B, et al. Control of grain size and rice
yield by GL2-mediated brassinosteroid responses. Nat
Plant, 2015, 2: 15195

Duan P, Ni S, Wang J, et al. Regulation of OsGRF4 by
OsmiR396 controls grain size and yield in rice. Nat Plant,
2015, 2: 15203

Hu J, Wang Y, Fang Y, et al. A rare allele of GS2 enhances
grain size and grain yield in rice. Mol Plant, 2015, 8:
1455-65

Wang YX, Xiong GS, Hu J, et al. Copy number variation
at the GL7 locus contributes to grain size diversity in rice.
Nat Genet, 2015, 47: 944-8

Wang S, Li S, Liu Q, et al. The OsSPL16-GW7 regulatory
module determines grain shape and simultaneously
improves rice yield and grain quality. Nat Genet, 2015,
47: 949-54

Chen JJ, Ding JH, Ouyang YD, et al. A triallelic system of
S5 is a major regulator of the reproductive barrier and
compatibility of indica-japonica hybrids in rice. Proc Natl
Acad Sci USA, 2008, 105: 11436-41

Yang JY, Zhao XB, Cheng K, et al. A Killer-protector
system regulates both hybrid sterility and segregation
distortion in rice. Science, 2012, 337: 1336-40



103 A, &

MV SRR D RESE I AL 7T 55K

1111

[29]

[32]

[33]

[34]

[33]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Xin Q, Shen Y, Li X, et al. MS5 mediates early meiotic
progression and its natural variants may have applications
for hybrid production in Brassica napus. Plant Cell, 2016,
28:1263-78

Wang ZY, Wu ZL, Xing YY, et al. Nucleotide sequence of
rice waxy gene. Nucleic Acids Res, 1990, 18: 5898

Wang Y, Ren Y, Liu X, et al. OsRab5a regulates
endomembrane organization and storage protein
trafficking in rice endosperm cells. Plant J, 2010, 64: 812-
24

Ren Y, Wang Y, Liu F, et al. GLUTELIN PRECURSOR
ACCUMULATION3 encodes a regulator of post-Golgi
vesicular traffic essential for vacuolar protein sorting in
rice endosperm. Plant Cell, 2014, 26: 410-25

Chen S, Yang Y, Shi W, et al. Badh2, encoding betaine
aldehyde dehydrogenase, inhibits the biosynthesis of
2-acetyl-1-pyrroline, a major component in rice fragrance.
Plant Cell, 2008, 20: 1850-61

Peng B, Kong HL, Li YB, et al. OsAAP6 functions as an
important regulator of grain protein content and nutritional
quality in rice. Nat Commun, 2014, 5: 4847

LiY, Fan C, Xing Y, et al. Chalk5 encodes a vacuolar H'-
translocating pyrophosphatase influencing grain chalkiness
in rice. Nat Genet, 2014, 46: 398-404

JLi H, Peng Z, Yang X, et al. Genome-wide association
study dissects the genetic architecture of oil biosynthesis
in maize kernels. Nat Genet, 2013, 45: 43-50

Du B, Zhang W, Liu B, et al. Identification and
characterization of Bphl4, a gene conferring resistance to
brown planthopper in rice. Proc Natl Acad Sci USA, 2009,
106: 22163-8

Tamura Y, Hattori M, Yoshioka H, et al. Map-based
cloning and characterization of a brown planthopper
resistance gene BPH26 from Oryza sativa L. ssp. indica
cultivar ADR52. Sci Rep, 2014, 4: 5872

Liu Y, Wu H, Chen H, et al. A gene cluster encoding lectin
receptor kinases confers broad-spectrum and durable
insect resistance in rice. Nat Biotechnol, 2015, 33: 301-5
Wang Y, Cao L, Zhang Y, et al. Map-based cloning and
characterization of BPH29, a B3 domain-containing
recessive gene conferring brown planthopper resistance in
rice. J Exp Bot, 2015, 66: 6035-45

Ren ZH, Gao JP, Li LG, et al. A rice quantitative trait
locus for salt tolerance encodes a sodium transporter. Nat
Genet, 2005, 37: 1141-6

Hu H, Dai M, Yao J, et al. Overexpressing a NAM, ATAF,
and CUC (NAC) transcription factor enhances drought
resistance and salt tolerance in rice. Proc Natl Acad Sci
USA, 2006, 103: 12987-92

Ma Y, Dai X, Xu Y, et al. COLD1 confers chilling
tolerance in rice. Cell, 2015, 160: 1209-21

Sun H, Qian Q, Wu K, et al. Heterotrimeric G proteins
regulate nitrogen-use efficiency in rice. Nat Genet, 2014,
46: 652-6

Hu B, Wang W, Ou SJ, et al. Variation in NRTI.IB
contributes to nitrate-use divergence between rice
subspecies. Nat Genet, 2015, 47: 834-8

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

Yi K, Wu Z, Zhou J, et al. OsPTF1, a novel transcription
factor involved in tolerance to phosphate starvation in
rice. Plant Physiol, 2005, 138: 2087-96

Gamuyao R, Chin JH, Pariasca-Tanaka J, et al. The protein
kinase Pstoll from traditional rice confers tolerance of
phosphorus deficiency. Nature, 2012, 488: 535-9

Zhang H, Zhang D, Wang M, et al. A core collection and
mini core collection of Oryza sativa L. in China. Theor
Appl Genet, 2011, 122: 49-61

Li Y, Shi YS, Cao YS, et al. Establishment of a core
collection for maize germplasm preserved in Chinese
National Genebank using geographic distribution and
characterization data. Genet Res Crop Evol, 2004, 51:
845-52

HEW, BHA, Kk, & EE SN SO R
JRRR) A A A R4, 2003, 4: 1-8

BRARGE, kA, &, & J EKS(Glycine max)i%
ORI, 1 BRI ERT AL, T E AL A, 2003, 36:
1442-9

Yano K, Yamamoto E, Aya K, et al. Genome-wide
association study using whole-genome sequencing rapidly
identifies new genes influencing agronomic traits in rice.
Nat Genet, 2016, 48: 927-34

Tian F, Bradbury PJ, Brown PJ, et al. Genome-wide
association study of leaf architecture in the maize nested
association mapping population. Nat Genet, 2011, 43:
159-62

Hu J, Cheng M, Gao G, et al. Pyramiding and evaluation
of three dominant brown planthopper resistance genes in
the elite indica rice 9311 and its hybrids. Pest Manag Sci,
2013, 69: 802-8

Fang P, Lu R, Sun F, et al. Assessment of reference gene
stability in rice stripe virus and rice black streaked dwarf
virus infection rice by quantitative real-time PCR. Virol J,
2015, 12: 175

Khanna A, Sharma V, Ellur RK, et al. Development and
evaluation of near-isogenic lines for major blast resistance
gene(s) in Basmati rice. Theor Appl Genet, 2015, 128:
1243-59

Cong L, Ran FA, Cox D, et al. Multiplex genome
engineering using CRISPR/Cas systems. Science, 2013,
339: 819-23

Mali P, Yang L, Esvelt KM, et al. RNA-guided human
genome engineering via Cas9. Science, 2013, 339: 823-6
Wang Y, Cheng X, Shan Q, et al. Simultaneous editing of
three homoeoalleles in hexaploid bread wheat confers
heritable resistance to powdery mildew. Nat Biotechnol,
2014, 32: 947-51

Li QL, Zhang DB, Chen MJ, et al. Development of

Jjaponica photo-sensitive genic male sterile rice lines by

editing carbon starved anther using CRISPR/Cas9. J Genet
Genomics, 2016, 43: 415-9

Shi J, Gao H, Wang H, et al. ARGOSS variants generated
by CRISPR-Cas9 improve maize grain yield under field
drought stress conditions. Plant Biotechnol J, 2016 [Epub
ahead of print]

Zhao XR, Tan GQ, Xing YX, et al. Marker-assisted



1112

B AKAEDIRESER AT AL S L R

8%

[63]

introgression of qHSR1 to improve maize resistance to
head smut. Mol Breeding, 2012, 30: 1077-88

Shi Z, Liu S, Noe J, et al. SNP identification and marker
assay development for high-throughput selection of
soybean cyst nematode resistance. BMC Genomics, 2015,
16: 314

Mi JM, Li GW, Huang JY, et al. Stacking S5-n and f5-n to
overcome sterility in indica-japonica hybrid rice. Theor
Appl Genet, 2016, 129: 563-75

Desta ZA, Ortiz R. Genomic selection: genome-wide
prediction in plant improvement. Trends Plant Sci, 2014,
19:592-601

Yu H, Xie W, Li J, et al. A whole-genome SNP array
(RICE6K) for genomic breeding in rice. Plant Biotechnol
J, 2014, 12: 28-37

Chen H, Xie W, He H, et al. A high-density SNP
genotyping array for rice biology and molecular breeding.

[68]

[69]

Mol Plant, 2014, 7: 541-53

Zhao Y, Mette M, Gowda M, et al. Bridging the gap
between marker-assisted and genomic selection of heading
time and plant height in hybrid wheat. Heredity, 2014,
112: 638-45

Zhang J, Song Q, Cregan PB, et al. Genome-wide
association study, genomic prediction and marker-assisted
selection for seed weight in soybean (Glycine max). Theor
Appl Genet, 2016, 129: 117-30

Peleman JD, van der Voort JR. Breeding by design. Trends
Plant Sci, 2003, 8: 330-4

Varshney RK, Graner A, Sorrells ME. Genomics-assisted
breeding for crop improvement. Trends Plant Sci, 2005,
10: 621-30

EERRE, 2R, e, & EEY 2 TR E .
VEREA, 2011, 37: 191-201



