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Fig.2 A schematic strategy of genomic breeding for Green Super Rice
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Table 1 Some representative genes for green characters cloned in rice
BEIR T [T T ERIE EERT
Green trait Gene Donor Encoding protein Function Reference
Bphl Cheongcheongbyeo CC-NB-NB-LRR [34]
Bph3 Rathu heenati Lectin receptor kinase [35]
Bph6 Swarnalata Atypical LRR [36]
Bph9 Pokkali CC-NBS-NBS-LRR [37]
St Bphl4 B5 (O. of ficinalis) CC-NB-LRR ot Kl [14]
Insect resistance Bphl15 B5 (O. of ficinalis) Lectin receptor kinase Brown F’lathPPCf [38]
Bph18 IR65482 (O. australiensis) CC-NBS-NBS-LLRR resistance [39]
Bph26 ADR52 CC-NB-LRR [40]
Bph29 RBPHS54 (O. rufipogon) B3 DNA-binding domain [41]
Bph30 AC-1613 Atypical LRR [15]
Bph32 Ptb33 Unknown SCR domain [42]
Bph37 1R64 CC-NB [43]
Xal Kogyoku NBS-LRR [44]
Xa5 IRBB5 TFIIAY5V39E [45]
Xa21l IRBB21(O. longistaminata) Receptor kinase-like protein [16]
Xa23 RBB16 (O. of ficinalis) Executor BUEL A A [46]
Xa25 Minghui 63 MiN3/saliva/ SWEET protein Bacterial blight [17]
resistance
Xa26/Xa3 Minghui 63 LRR receptor kinase [47]
Xa27 IRBB27 (O. minuta) Executor [48]
N Pi2 Fukunishiki NBS-LRR 197
Diseas:}fimnce Pi9 75-1-127 (O. minuta) NBS LRR [49]
Pigm Gumei 4 NBS-LRR [50]
pi2l Owarihatamochi Proline containing protein [51]
Pi25 Gumei 2 NBS-LRR . [52]
Pib BL1 NBS-LRR Blast resistance (53]
rod 1 TP309 Ca®" sensor [54]
bsr-d 1 Digu C, H,-type transcription factor [55]
rbr2 Minghui 63 CC-NBS-LRR [56]
Pbh-1 Modan CC-NBS-LRR [57]
MYB61 93-11 MYB transcription factor [20]
OsSBM 1 Kasalath Peptide transporter [58]
OsTCP19 Kasalath TCP transcription factor [22]
SMOS1/NGR5 93-11 AP2 transcription factor [1]
DEP1/qNGRY Shennong 265 G protein gamma subunit [59]
SR A OsNR?2 93-11 NAD(P) H-dependent nitrate reductase AR FROH [60]
Nutrient use NRT1.1B IR24 Nitrate transporter Nitrogen-use (61]
efficiency OsNRT2.1 Nipponbare Nitrate transporter efficiency [62]
PSR1/0OsNiR Kasalath Ferredoxin-nitrite reductase [63]
DNR1 HHGX74 Amino transferase [23]
OsNPF6.1 IR36 Nitrate transporter [21]
OsNAC42 IR36 NAC transcription factor [21]
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43R 1 Continued Table 1
ESJERETIN A bRk TR i E A E ISR EEPUN
Green trait Gene Donor Encoding protein Function Reference
DRO1 Kinandang Patong Early auxin response protein [24]
SublA FRI3A ERF it 5 [64]
OsMT la lapar 9 Metallothionein Drought [65]
Rfla/Rf-1/Rf5 1R24 Pentatricopeptide-repeat family protein tolerance [66]
TCM5 PA64S Deg protease protein [67]
OsHTAS HT54 Ubiquitin E3 ligase [68]
TOGR1 Zhonghua 11 DEAD-box RNA helicase TN 4 [69]
B b OsTT1 CG14 (O. glaberrima) a-2 subunit of the 26S proteasome Heat tolerance [25]
) GSA1 Wuyunjing UDP-glucose sterol glucosyltransferase [70]
Stress response )
Cth1 Norin-PL8 F-box [71]
bZIP73 Zhonghua 11 bZIP transcription factor [28]
CTB4a KMXBG Leucine-rich repeat receptor-like kinase it ¥4 [72]
CTB2 KMXBG UDP-glucose sterol glucosyltransferase  Cold tolerance [73]
TCD10 Guangzhan 63 Pentatricopeptide repeat protein [74]
HAN1 02428 Cytochrome P450 [27]
COLD1 Nipponbare G-protein signaling regulator [26]
(G OsHMA3 Akita 63 Heavy-metal ATPase (ISTEAES [75]
Tolerance to 0sCd 1 Nipponbare MFS domain-containing protein Low cadmium [29]
heavy metals CAL1 Taichung Native 1 Defensin-like protein accumulation [76]
GW2 wWY3 Ubiquitin E3 ligase [77]
Ghd7 Minghui 63 CCT domain protein [30]
Ghd 8 Asominori HAP3 subunit [78]
0OsGS1 Kasalath Glutamine synthetase [79]
GL3.1/OsPPKL1 WY3 Ser/ Thr phosphatase [80]
‘ f-EJTF OsGSR 1,/‘()5(}ASR7 Nanyangzhan GAST protein e [81]
High yield TGW6 Kasalath IAA-glucose hydrolase ) [82]
. . Increased yield
qTGW2/OsCNR1 93-11 Cell number regulator [83]
. components
OsGRF4/GS2 JDL Growth-regulating factor [20]
OsSPL14/IPA1/WFP Yongyou 12 Squamosa promoter binding protein [31]
GS5 Zhenshan 97 Ser carboxypeptidase [84]
OsGluA 2 SL431 (O. rufipogon) Glutelin type-A2 precursor WamkERLE A [85]
. OsAAP6 7897 Amino acid permease Protein content in grains [ 86]
fE0R IR in conte
Grain li T < B HETER A K .
srain quality Wax T65 Granule-bound starch synthase . K . [33]
Starch biosynthesis
OsBADH?2/ fgr Della Betaine aldehyde dehydrogenasea HF M Fragrance [87]

FCRBIEEZEAT R, TUS BT ISR AT
R GERA Z AU PRI E (i Pi2 Pi9,
Pikm Bph3.Bph14.Bph14.Bph32.Xa7.Xa21,
Xa23) KRR RN HFH AR AANET Rk E
. 550 U RERAE R AR &2 B S
A Pil.Pi2.Xa?2l.Xa23 % £ Pi%w 3 K0 5 Fh
J5T 538 3 o F AR ic A B B R R L NRT1.1B-
indica ¥R BVRG AP 5K 134 Y F B 24
IKREHT AL FR . IR R FR N SR €018 GORE 1Y) RR R
BETE & H AR
4 BEFRAEMEAREERENA

Wi 2 4 3 DR 410 e B R 1 & R R Ok B T
R, O R 22 1 S €0 1 TR T 1 R DR Bk R A R
FECIEAE b B R TR ok R I S
B FHT A /D78 4 A S P 4 T 1 K R

ol B A LA R R e B PR 20 8 S A L R R A o B
A i R RR 355 A v A R R B A ORs L BT L R A
BSR4 R TR R G AR 78 S 5 AR A A ] 7K A 7 IXC 1Y
s e 2R R0 KR PR 1Y ) B8 R AR 2R 47 R 07 1) ik [R 2H 75 b
Bt (B 2) 5 BRI B 7K R o R 155 2 R SR A, DA
HA O 5 55 A0 4k B 1 7K e R 5T o (Rt AR i A R 4
FE D 2H e B8 7 PP R L 25 G ML A4 2% 52 i 22 1Y
0] 52 46 FhRR T AT B, B K A DAAE R Rl R
SCCHA A T B AR A 3L 58 5L &R (near iso-
genic lines, NIL) K, B MEFRERGE 14
B E bR R R R i JE A R B (<2200 kb)), A
117 S 30 s 5 AT 800 1) A e, ) k45
PRLZR AT DL AN [ 4t € PR R CF 1) 56 D R A7 15 20
B P T HE PR 20 e % 7 A R S AN T A R B AT 1Y
RemBEMAE 2) %7 A& 0w R AR &
ORI KSR LB 77 S B BT i R . BRI R
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R A,

HAAFTFEATLGFLEHE 2 AHE, —&
DA a7 38 S 0 PP B R R AL BRSO i A R
HEBFHEAR ., BaiRER R E0H T 250
F 2 22 51 (single nucleotide polymorphism, SNP)
H Al A, # I, RICE6K, RICE60K, RICE90K
S0 SR T T R R R
HE PR 8 BUo AT R E PR 7 R 1% 4 i PTG IR A A
BRI B AT DY A P FMRT
L0 EREHAR , MK 4 000 K 5 T Du-
lar” {9 )7 2 A S RE o] 3 A BIIE R K & 93-117
s K RICE6K s PR s A I JHC 35 55, & BT ¢
] 5 AR ik 99.4 %6 5 B TR A0 R B BT IR & &R
5 L RVEEAE 5 B < Balilla” 2238, F AR 45 50 R B 3 1R
Y R HAR R AR R R ) R
SRR e 5 A /45 67 B2 A Y [a) B, AN g 1R st A% i
BERBCHRA R . B, 12 0 R £ R G R AT
FH 5 A P A9 ) e A A0 0 PR A (i, <100 kb) Ay
MG . DIRERIC— M T 5 2 D g 25 5 19
GALAS S AT A&, AT DR T R 91 EE A A A
S PCROUIEIY 3G 2 2818 77 91 A58 4 45 B A
FESPE PCR ARIC5F , LR 2% 22 | 10l 22 72 )5 %
PERSEA T A O 5 1 S AL R P R RS B — D RR L R
By A e Rl o A v Sy RS B M 4 H AR R
TER— ARl 52 o B AR AT DL AT B Am 56 A 3k 5, 2
jEia Sl SR e Y v SN BTine 2R Y S N R TR | W A
Ira A CGF 5O e, N RS H AR e Rk B 5
SRR R, R AN A 0 2 7 R, B R
F 0] DU o B 24 28 LUR & AN [l g PR AR 09 A 1) 2
HLEEE AR R A& 08 R R (Bl 2),
TN Z I ER AR T A E S R G E
B b A TR B 34 AT LA BT AS (] 5 BT Y AR 280 A
BRI . BHAT, BMEC &R K4 E Rk £
s NI ROl Fi NG i = S N = M R S 71 2
R P REL BT AR S 2 R R A IR R
ANE FR M ZA G0 BRE R

5 E E

T[] Al A 7 T e A O R £ 22 4 PR AP BRI
ARl N R H 4 39 KA 0 56 4 AR T 75 SR A B Pk
M. I G (0 R A o BRI R, R — 20 Bl A LA
“PR T B b A0 A 7 SRl
BATAO SR 0 K R

51 ZKBEBRBHRRENIE

2o 000 20 A 1) 2 B 9 1 P R — S R A A R
T 2 0GR AN A B A 2 (0 MR 10O o A T
BRSO R ESZ 2R, SaBg
A PR 8 FL A TG R e MR 2 4 Y T 5 S 2
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Fr 03 B WSOM AR AN A e R i Lk,
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By 7 25 £ G 1t 5 52 B AT AR 2 L Dt AR AE L B0 AR
FET - S A OK B2 PR BRI, 38 3 7 il JoAR 25 5% B IR
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Progress and prospects of Green Super Rice

ZHANG Haobo, WU Yining, MO Yifan,SONG Gencai,ZHANG Liting, SUN Wenqgiang, YU Sibin

National Key Laboratory of Crop Genetic Im provement/College of Plant Science and Technology »
Huazhong Agricultural University sWuhan 430070,China

Abstract How to balance the contradiction between agricultural production and environmental re-
sources is a huge challenge for geneticists and breeders in China and worldwide. In response to this chal-
lenge,geneticists and breeders in China proposed the notion of “Green Super Rice” (GSR) ,established a
whole-genome selection and gene-specific selection system, discovered a batch of green trait genes for
high yield,superior quality,resistance to pests and diseases,tolerance to abiotic stresses,and high nutri-
ent-use efficiency. The breeding and application of a large number of Green Super Rice varieties has pro-
moted the paradigm shift of the goals and models of crop genetic improvement. This article summarized
the concept,development and achievements of Green Super Rice. The breeding and application of green,

nutritious and high-quality rice were prospected to enhance the development of green agriculture.
Keywords Green Super Rice; germplasm resources; functional gene; green traits; genomic breed-

ing
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