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Discovery and Study of a Green Pericarp Germplasm in Rice

YANG Qing-wen, CHENG Yun-lian, ZHANG Li-fang, HAN Zhen-yun, LI Fei,
ZHANG Wan-xia, QIAO Wei-hua, ZHENG Xiao-ming
( Institute of Crop Sciences , Chinese Academy of Agricultural Sciences, Beijing 100081 )

Abstract: Colorful-pericarped rice is an important component of rice germplasm resources. It could be the
key material for satisfying the market demand for colored rice. An accession of rice that produced some seeds with
green pericarp was found during our investigation of the collected rice germplasm resources. A stable line of green
rice was obtained by multigeneration selfing, and was named LM&. It was highly photosensitivity, and was easily
crossed with Asian cultivated rice. When grown in Guangxi, it produced 19 effective tillers per plant, with an
erect, compact habit, and with the plant height, flag leaf length, flag leaf width and panicle length of 117.7 cm,
32.1 cm, 1.1 cm, and 22.5 cm, respectively. LMS8 had very small, ellipsoidal seeds with 1000-grain weight of
8.73 g, 5.76 mm in length and 2.09 mm in width, rich in fat and essential trace elements needed by human
body. The evolutionary tree demonstrated that LM8 was of AA genome type and grouped with Asian cultivated
rice. Having some wild characteristics in its initial discovery, such as the presence of awn, strong shattering of
seed, and hard deep-brown hull, LM8 could be a kind of weedy rice. This study would not only promote the
establishment and improvement of genetic development and regulation network of rice pericarp color, but also
provide the genetic material for innovation breeding of green rice varieties, and therefore satisfy the diverse
consumer preferences and play a positive role in rural revitalization.
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Fig.1 The phenotype of LMS8 plant
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Table 1 Analysis of nutrient substance in whole grain

Fer s 5 LMS8/U99
Content u99 LM8 (%)
)% (/100 g ) Protein 7.22 12.60 174.52
JIE A (/100 g ) Fat 0.30 1.10 366.67
B £F4E (% ) Dietary fiber 1.02 1.44 141.18
JEKY (% ) Starch 92.30 84.30 91.33
fitt (kJ/100 g ) Energy 1489 1489 100
KA (/100 g) 79.26 72.00 90.84
Carbohydrate

#1 ( mg/kg ) Na 11.70 8.90 76.07
A ( mg/kg ) K 2530.00 3600.00 142.29
5 (mg/kg ) Ca 128.00 165.00 128.91
B (mg/kg ) Mg 1080.00 1410.00 130.56
# (mg/kg ) Fe 8.12 10.60 130.54
1§ ( mg/kg ) Se 0.060 0.092 153.33
£ (mg/kg ) Zn 17.90 31.80 177.65
%# (mg/kg ) Mn 20.60 37.00 179.61
Hi ( mg/kg ) Cu 2.40 3.89 162.08
# (mg/kg ) P 2398.00 4043.00 168.60
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Fig.3 Phylogenetic tree based on Rc gene sequences
illustrating relationships in Oryza L.

3 g

bel 25 AF W) R SEAE Ak Bk B ) — A~
BARLRRIE R R RSk, S 5 R s R
B BR T 2% B A2 W i A2 W A5 A B X NYC
( non-yellow colouring 1) . NOL(NYCl-like ) . CHL
( chlorophyllase ), PPH ( pheophytinase ) 4, if 1
55 4R G5 1) B PR S KO I e s IR BF9E 8
B, FE A i R 92 4R g ad B2 Y CItERFS | CitERF6
CitERF7  CtERFI13E S| EEAE A, bR, BFoT
AR IR CIERF13 v M A S plt it A o i 5 i
SR R G BEIL I CitPPH J5 8 T-454 , 158 PPH
F9 % 3% K P T AR fok 8 e - R R A 3SR

ERF17 SR A5 X & BT 51 rp i b 2 18 7 1 g
+36 & +57 i B Y1) 22 PR AR R BN
J& , ERF17 %% S35 M A gt 1) 25 1 45 & NYC . PPH
JE B TR P R (R R B R P TR
FEBL A W) i rh & B > GARP K % MYB 7%
FIRT GLK1 ( Golden 2-like 1) 1 GLK2 , 1tk
GLK2 J5Him] LIAE RS Ky 20 it vp - R 7 -
ENGAL S g SRS SERRNIT FUp Uk -3/ 2] P N
A3 7KFE (b P A AR ST 1 Fp SR R AR 0
{E Bt 1 A RE I, SRR B B R . AR
W R BN LM8 1 A BN IR e AT PR R4 0
I, AR HE IR A 4 2 (2 1 I IR T R SR 2 4
Ji R SR AR AR SRR IR AR R R A R, B
MR RWRER,

FE 7 R - R il 2 PH A 2 i 4 R
MR, i &R A FESE (SGR, stay green ) L4,
B e 7 A 1 5 RN o i R 2 RN i o
Kok ik A T A i 7 AR B ) PR A2 €, R 2R 58 AN
WAL G . TSR FE MR BRI L,
IR 7 G 2R ) A K R B LR RS I 2
Eqi] ST R L i) ke A 1 T
2R E B 3 (cde3, chlorophyll deficient 3 ) FlIEE M5
%11 3 (es3, chlorotic seedling 3 ) &€ AR R I | 3422
A db , - R 4 v R S AR G5 ) 1 B FRAE /)N
B T TP A R AR A o
0\ LE (SR P VS RS SENTIRSRER b N
AR AU A R AR fe (LR R B st R AR
W& A TR IR . AN ANl , LM8 A AR K A A
PR BT TROK 2R AR SRR AR &
JE L Je Z2 B TR B IR R ATKY  7E S RHIR % i
HORIERR IR

AR N R EEEYORIE, AU A VER F1
KA EY), 8 & 2 E TR o, AR B 5T
BEWG AEAR AT, A OROR MR E TR
(BB 32 BT 2% 5 1 R, 2 RAR I T RE VR AR 12
YEY) . BT ANRRFSE 25 SR 3R T, 58 (R ) R FNZIKR AR L
SR EOEy AR Rt/ PPN 2L/ TsE IR L PN <Y | (1
T R PR 45 BA — PR TR %1
WoR, LM8 & & e B 2R 4 A5 7 F AR 75 1 il it
JUR, F o m SR O TR IR E L, R
7, 4K LMS H ] 12K U99 A HLE 37 90 &
JET A EAT EEAAAE TREOK SN, T LM8 K/,
BEAIR 5 LU, B LA Ry, i 7 B — DR 5 L
JRH . R TR B A AR TC IR A R, KR



13

MR SCAE : — i KK AR BB IR 14 5 B W) A B 127

MY TR B TR MRS S AR
BIZE T, TR O I AR 1 A, MR A TEAS 2
BF A 25 K A 728 BBl RO R R BB
i DD 11 B | 3 = v |2 18 Rl 4 o
AL R AL AW, Sk
S FEME R R A <ok Eak”, AW T 2%
EDORER N EP NIOE AW f dovit 28

LMS8 250 K /N 00 S 5 R A 4l A 815 e Jo
HABKWTTR T, R AR E 51724 2
HR—FE, B — 2 2R N E S - BeEteRk,
HRLR CRLSE ORLE LRI . BRI S5 R R,
FI AN [) K e st A% AR R, 5 28 Rk 0 AH OC
QTL Ei B A 500 A4, AR TE T A Y fafk b,
TEK R AR P B vh N T n] T OKE, A%
SR LY T RS 7 [ N @ S R S 1 YA SN TIE=A N A
B AR AR — A B LR AN (B AR R B R, & 1Y AR
— K 4.1~5.6 mm . 5& 1.6~2.1 mm, {HHEE K2 &1 K
BBCC %1 F5 J& ML v 2L 41 AA 7 5 9F AA
RUSE GO FRIIE | FEAE A ) B 2 R B S i A B e 25
ALY AR B AC B i VT e AR AR, 78 ARSI T
MELITS RN 2258 S5 10, ARWFIT 45 HLE B LMS R kL
AN CEL3), 1 H 7] Ak 5% e 0 22 DA 21 B ) T
AA (K 4), B R RBE . T LM8 KA K TE
BPHNIRGE , 28k A= e A AR P aE i F AR
Do rPe B FAE o0 F e . R, LM8 /)N
RAFA AT LA VR R B B A RS AL i o S iy
ot A% A, SR KRR 18 Ao ATT 7 PR 3 PR A
SR EREY Y ST E

SE 3k

[1] Shenton M, Kobayashi M, Terashima S, Ohyanagi H, Copetti
D, Hernandez-Hernandez T, Zhang J W, Ohmido N, Fujita M,
Toyoda A, Ikawa H, Fujiyama A, Furuumi H, Miyabayashi
T, Kubo T, Kudma D, Wing R, Yano K, Nonomura K I, Sato
Y, Kurata N. Evolution and diversity of the wild rice Oryza
officinalis complex, across continents, genome types, and
ploidy levels. Genome Biology and Evolution, 2020, 12(4 ) :
413-428

(2] TR PEDKR SRS SR R
Al AT, 2010 24-25
Wan J M. The genetic breeding and variety pedigree of rice in
China. 1st edition. Beijing: China Agriculture Press, 2010: 24-

L. dbst: Pk

25
(31 i, Eu . B9 . 2 WL JEBT: Ol R A,
2007: 197

Zheng X R, Wang L. Phytology. 2nd edition. Beijing: China
Agricultural University Press, 2007: 197
[4] Rahman M M, Lee K E,Lee E S, Matin M N,Lee D S,

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Yun J S, Kim J B, Kang S G. The genetic constitutions of
complementary genes Pp and Pb determine the purple color
variation in pericarps with cyanidin-3-O-glucoside depositions
in black rice. Journal of Plant Biology, 2013, 56: 24-31
Furukawa T, Maekawa M, Oki T, Suda I, Iida S, Shimada H,
Takamure I, Kadowaki K. The Rc and Rd genes are involved in
proanthocyanidin synthesis in rice pericarp. The Plant Journal,
2006, 49: 91-102

Sweeney M T, Thomson M J, Pfeil B E, McCoucha S. Caught
red-handed: Rc encodes a basic helix-loop-helix protein
conditioning red pericarp in rice. The Plant Cell, 2006, 18: 283-
294

Xia D, Zhou H, Wang Y P, Li P B, Fu P, Wu B, He Y Q.
How rice organs are colored: The genetic basis of anthocyanin
biosynthesis in rice. The Crop Journal, 2021, 9( 3 ): 598-608
Konishi S, Ebana K, Izawa T. Inference of the japonica rice
domestication process from the distribution of six functional
nucleotide polymorphisms of domestication-related genes
in various landraces and modern cultivars. Plant and Cell
Physiology, 2008, 49 (9 ): 1283-1293

Singh N, Singh B, Rai V, Sidhu S, Singh A K, Singh N K.
Evolutionary insights based on SNP haplotypes of red pericarp,
grain size and starch synthase genes in wild and cultivated rice.
Frontiers in Plant Science, 2017, 8: 972

Schaub P, Al-Babili S, Drake R, Beyer P. Why is golden rice
golden ( yellow ) instead of red? Plant Physiology, 2005, 138
(1):441-450

ZhuQL,YuSZ,Zeng D C,Liu HM, Wang H C, Yang Z F,
Xie X R, Shen R X, TanJ T,Li HY, Zhao X C, Zhang Q Y,
ChenY L,Guo J X,Chen L T,LiuY G. Development of “purple
endosperm rice” by engineering anthocyanin biosynthesis in the
endosperm with a high-efficiency transgene stacking system.
Molecular Plant, 2017, 10; 918-929

Ye X D, Al-Babili S, KlI6ti A, Zhang J, Lucca P, Beyer P,
Potrykus 1. Engineering the provitamin A ( beta-carotene )
biosynthetic pathway into ( carotenoid-free ) rice endosperm.
Science, 2000, 287: 303-305

Paine J A, Shipton C A, Chaggar S, Howells R M, Kennedy M
J, Vernon G, Wright S Y, Hinchliffe E, Adams J L, Silverstone
A L, Drake R. Improving the nutritional value of golden rice
through increased pro-vitamin A content. Nature Biotechnology,
2005, 23 (4 ): 482-487

Wang X, Ji Z, Cai J, Ma L, Li X, Yang C. Construction of near
isogenic lines for pericarp color and evaluation on their near
isogenicity in rice. Rice Science, 2009, 16: 261-266

FEEH, 200, T, IR . AR AR 5 AR K B T
IRBTFEHERE . WL RLE, 2020, 59 (S1): 44-46
DuXS,LiJB, XiaMY, QiH X. Progress in effect analysis of
rice protein on rice quality. Hubei Agricultural Sciences, 2020,
59(S1): 44-46

TOREL, A BT R RER A EIy . K, 2006 (3)
12-13

Yu Y H, Zhu Z W, Cheng F M. The fat of rice. China Rice,
2006 (3): 12-13

ARAHEDT . ORI E SR IIRERRAA . R EIREOK 2020, 26 (6): 1-11
Shao Y F. Nutritional and functional characteristics of rice grain.
China Rice, 2020, 26 (6 ): 1-11



128 L N7/ I S A S S 4 23 %
(18] miER . AMALTEHEFRITE -85 . Mot e R SEHET, Tang S Q, Hu P S, Wei X J. Chlorophyll deficient 3, encoding
2005,22(1): 66 a putative potassium efflux antiporter, affects chloroplast
Gao A M. Human essential nutrients-calcium. Studies of Trace development under high temperature conditions in rice ( Oryza
Elements and Health, 2005,22( 1 ): 66 sativa L. ). Plant Molecular Biology Reporter, 2018, 36: 675-
[19] BHH. Mot R 5 A . JLat: /62 Tl o, 684
1997: 75-99 [26] YuN,LiuQ E, Zhang Y X, Zeng B, Chen Y Y, Cao Y R,
Chi X Z. Trace elements and health. Beijing: Chemical Industry Zhang Y, Rania M H, Cheng S H, Cao L Y. CS3, a Ycf54
Press, 1997: 75-99 domain-containing protein, affects chlorophyll biosynthesis in
(20 ] BkM, AN, A5T7 . HORTCR B AR 19 A BT R rice ( Oryza sativa L. ) . Plant Science, 2019, 283: 11-22
FHBHRERR . Won e R SERNTTY, 2009, 26 (1): 68-70 [27] S WA IRASS  TET5 & SRELT . A ORI IR 53
Huang Q C, Wei Y H, Shi J F. The physiological effects of 1. EAEA, 2003 (5): 5-8
zinc trace elements on the human health and its measures of Han L, Wang X D, Xu J D, Wang X Z, Zhang H Y. Current
preventing. Studies of Trace Elements and Health,2009,26 (1 ): situation on colorific rice research. China Rice, 2003 ( 5 ): 5-8
68-70 [28] Rayman M P. Selenium and human health. The Lancet, 2012,
[21] Xie X L,Shen SL,Yin XR,XuQ,Sun C D, Grierson D, 379 (9822 ): 1256-1268
Ferguson I, Chen K S. Isolation, classification and transcription [29] Rayman M P. The importance of selenium to human health. The
profiles of the AP2/ERF transcription factor superfamily in Lancet, 2000, 356 ( 9225 ): 233-241
citrus. Molecular Biology Reports, 2014, 41: 4261-4271 [30] Zhang Q F. Purple tomatoes, black rice and food security.
[22] Yin X R, Xie X L, Xia X J, YuJ Q, Ferguson I B, Giovannoni Nature Reviews Genetics, 2021, DOI: 10.1038/s41576-021-
J J, Chen K S. Involvement of an ethylene response factor in 00359-3
chlorophyll degradation during citrus fruit degreening. The Plant [31] FEEE ALAW, EMS, &%, 26, THT, XA B, flJik
Journal, 2016, 86: 403-412 U IR RARRLAL L R AN D S R L g
[23] Han ZY,HuYN,LvY D,Rose ] K C,SunY Q, Shen F A ¥ B M, URL: https: //kns.cnki.net/kcms/detail/46.1068.
F,Wang Y, Zhang X Z, Xu X F, Wu T, Han Z H. Natural S.20210304.1126.004.html
variation underlies differences in ETHYLENE RESPONSE Cheng Q, Kong L H, Wang P, Huang T, Wu G L, Wang Y N,
FACTORI17 activity in fruit peel degreening. Plant Physiology, Liu R Q,He X Y, He H H, Bian J M. Research progress of
2018, 176: 2292-2304 grain shape, grain weight and grain filling in rice ( Oryza sativa
[24] Powell AL T, Nguyen C V, Hill T, Cheng K L, Figueroa- L.). Molecular Plant Breeding, URL: https: //kns.cnki.net/
Balderas R, Aktas H, Ashrafi H, Pons C, Fernandez-Mufioz R, kems/detail/46.1068.S.20210304.1126.004.html
Vicente A, Lopez-Baltazar J, Barry C S, Liu Y S, Chetelat R, [32] Bk, 355, 250, m P B . /IR A R S 2

Granell A, Deynze A V, Giovannoni J J, Bennett A B. Uniform
ripening encodes a Golden 2-like transcription factor regulating
tomato fruit chloroplast development. Science, 2012, 336
(6089 ): 1711-1715

Luo R J, Jiang H W, LvY S, Hu S K, Sheng Z H, Shao G N,

24 S R PSR I . R BEIRAAA, 2016, 17(2)
371-376

Guo S B, Wei Y, Li X Q, Gao G Q, Deng G F. Advances in
excavation and utilization of elite genes from Oryza minuta.
Journal of Plant Genetic Resources, 2016, 17(2 ): 371-376



