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Achievements and Prospect of Designer Breeding by Molecular Modules in Rice

Abstract

Cultivation of cereal crops including rice, started in China over 8000 years ago, and Chinese knowledge of
crop breeding has great impact on cereal production of the whole world. As of the early 1990s, scientists
from Chinese Academy of Sciences(CAS), representing China as one of the sponsor countries, joined the
International Rice Genome Project and were in charge of sequencing Chromosome 4 of "geng" rice and
the whole genome of "xian" rice 93-11, which marked the beginning of the serial efforts from Chinese
plant science community to develop rice into a model crop/plant to study genomic and molecular basis
underlying complex traits. As a grand effort to translate and assemble the knowledge and know-hows
gained from the basic research into crop breeding, CAS launched a national programme called the
Innovation System of Designer Breeding by Molecular Modules five years ago. The programme used rice
as a model crop to dissect molecular modules controlling complex traits including yield, yield stability,
grain quality, and crop nutrient use efficiency, study the coupling and interactions of the molecular
modules, and develop molecular module-based designer breeding systems. The programme also aimed
to set rice as a reference to promote the study of complex traits and designer breeding of other related
crops and animals such as wheat, soybean, and fish. Through collaborative researches and coherent
team work, the programme has built up shared national rice germplasm libraries and genomic databases,
dissected a series of molecular modules applicable in designer breeding, and established theoretic
framework for simultaneous improvement of both yield and quality traits, cold perception and resistance,
balance between broad spectrum durable disease resistance and yield, nitrogen use efficiency, as well as
heterosis of yield traits. Such achievements further experimentally validated the concept of Designer
Breeding by Molecular Modules. The importance of these achievements were highlighted by the winning
of the top ten advances of Chinese Life Sciences in 2015 and 2017, the top ten advances of Chinese
Sciences in 2016, and the First Prize of National Natural Science Award in 2017, respectively.
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Abstract  Cultivation of cereal crops including rice, started in China over 8000 years ago, and Chinese knowledge of crop breeding has great
impact on cereal production of the whole world. As of the early 1990s, scientists from Chinese Academy of Sciences(CAS), representing China
as one of the sponsor countries, joined the International Rice Genome Project and were in charge of sequencing Chromosome 4 of “geng” rice
and the whole genome of “xian” rice 93-11, which marked the beginning of the serial efforts from Chinese plant science community to develop
rice into a model crop/plant to study genomic and molecular basis underlying complex traits. As a grand effort to translate and assemble the
knowledge and know-hows gained from the basic research into crop breeding, CAS launched a national programme called the Innovation
System of Designer Breeding by Molecular Modules five years ago. The programme used rice as a model crop to dissect molecular modules
controlling complex traits including yield, yield stability, grain quality, and crop nutrient use efficiency, study the coupling and interactions of
the molecular modules, and develop molecular module-based designer breeding systems. The programme also aimed to set rice as a reference
to promote the study of complex traits and designer breeding of other related crops and animals such as wheat, soybean, and fish. Through
collaborative researches and coherent team work, the programme has built up shared national rice germplasm libraries and genomic databases,
dissected a series of molecular modules applicable in designer breeding, and established theoretic framework for simultaneous improvement
of both yield and quality traits, cold perception and resistance, balance between broad spectrum durable disease resistance and yield, nitrogen
use efficiency, as well as heterosis of yield traits. Such achievements further experimentally validated the concept of Designer Breeding by
Molecular Modules. The importance of these achievements were highlighted by the winning of the top ten advances of Chinese Life Sciences in
2015 and 2017, the top ten advances of Chinese Sciences in 2016, and the First Prize of National Natural Science Award in 2017, respectively.

Keywords rice, cereal crops, complex traits, molecular modules, molecular module-based designer breeding

HER TEHFRLTARAMTAK, TEHFREESLTEDFARAALR,
EAP R RBEEFHEER (AX) “HFHERITTHOUNKE ERHAFR. TE2RF
My FHREFART, ELEHEYAXITF ks TNE. MY ELRERN LERERA
MApF 7@ TR ROHF ZNfA TZEIFHrhe) TAE. 2004 53K F A F B #H45
AR, 20075 KBARARMFR_FL27, 2016 FAREAR “7AHR BF7 LM
FEAG. B AH#% 564 (International Union of Biological Sciences, 1UBS) #%, + & if

AN ERERE K. F RKMF) Journal of Genetics and Genomics £ %, VAR Genetics-

Biology Open-~ Plant Reproduction % % %. T4 & SCI# 3100 &%, #MEREAZAEH 1020, BHho LT

*Corresponding author

® FOMFi% 7007



_ L HFERGHER

A 4345, HEEARAR 1042, E-mail: ybxue@genetics.ac.cn

XUE Yongbiao  Director of Beijing Institute of Genomics, and Principal Investigator of Institute of Genetics and Developmental Biology,
Chinese Academy of Sciences (CAS), Chief Scientist of CAS Strategic Priority Project “Innovative System of Designer Breeding by Molecular
Modules”. He received his Ph.D. degree from University of East Anglia and John Innes Centre, UK in 1989; completed Postdoctoral Fellow in
John Innes Center and University of Oxford during 1990-1995; worked as Research Scientist at Sainsbury Laboratory from 1995-1997. His
work mainly focuses on the molecular genetics and genomics of complex traits of angiosperms including self-incompatibility and agronomic
traits. He serves as Editor-in-Chief of Journal of Genetics and Genomics as well as editorial or advisory members of numerous journals
including Genetics, Biology Open, and Plant Reproduction. He also is a Plant Biology Faculty Member of F1000 since 2014. He has published
over 100 SCI indexed papers, achieved more than 10 authorized patents, and supervised 43 Ph.D. degree receivers and 10 post doctorate

fellows. E-mail: ybxue@genetics.ac.cn

R FPEHFKRKE. TERFREBDFARCESRIT. K. AR, TERSR
KEFEFIZ. WEERFF. MO FTARTLARMRALAK. BRARAFLEEE "‘BRALF
# ERE. “BFFALIR BREAR BRAKHZALE ‘@RI EEEAR
A7 BIHBHRERAFER. “BATX ANitH, ASFARBRATEEASF SANEZF K.
AR YEDBARBRELSTES S A RAPAYERE S FARFLREF, 24 CHYF
3> F % A BJournal of Biological Chemistry~ Plant Cell Reportss MGG % 12 7 5 K3 ) % %o
F BRIy o ALY B AR IRAT T HH L D R ARAAE AILE AR BT R A E EAER %
#& Cell- Nature Communications~ EMBO Journal. PNAS. PLoS Genetics« Genome Bioliogy #= Plant Cell % % X3 F| £ %

R X 60 4% . E-mail: chongk@ibcas.ac.cn

CHONG Kang CAS Member, a professor on plant molecular physiology, Deputy Director of Institute of Botany (IOB), Chinese Academy of
Sciences (CAS), as well as a professor in University of CAS. Prof. Chong obtained National Science Fund for Distinguished Young Scholars, a
chief scientist of the national outstanding innovation group—plant organogenesis and cell differentiation, and was enrolled as a national member
of “New Century Hundreds and Thousands of Talents Project”. Prof. Chong is the national correspondent of the International Association
of Plant Biotechnology, and the vice president of Botanical Society of China, as well as an editor in the journal boards, such as, Journal of
Biological Chemistry, Plant Cell Reports, MGG, etc. Prof. Chong’s current research activities are in three main areas: sensing chilling signal in
rice, development response to vernalization signal in wheat, and hormones (BR and GA) network in organogenesis. His lab has more than 60
papers published on peer-reviewed journals, such as Cell, Nature Communications, PNAS, EMBO Journal, Plant Cell, the Plant Journal, Plant

Physiology, etc. E-mail: chongk@jibcas.ac.cn

WS R

908120184 - 633% - £ 945



	Achievements and Prospect of Designer Breeding by Molecular Modules in Rice
	Recommended Citation

	Achievements and Prospect of Designer Breeding by Molecular Modules in Rice
	Abstract
	Keywords
	Authors
	Corresponding Author(s)

	tmp.1619584204.pdf.7sygY

