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Abstract:[ Objective JLeaf color mutants are important materials for studying the regulation of photosynthesis, chlorophyll
biosynthesis and genetic development in rice. The discovery of leaf color mutants is an important genetic basis for
functional genomics research in rice. [Method] A mutant of white stripe leaf and white panicle was found in Changhui
121, which could be inherited stably to successive generations, and temporarily termed wip6 (white striped leaf and panicle
6). wip6 and wild-type seeds were seeded in the early, middle and late seasons in Nanchang, Jiangxi Province and the
agronomic traits of the middle and late rice were investigated. Chlorophyll contents in leaf and glume at the 3-leaf stage,
tillering stage and heading stage were tested. The development of mesophyll cells at the heading stage was observed with a
electron microscopy. Temperature and light sensitive experiments were carried out in an illumination incubator. The
phenotype of reciprocal F; between wip6 and Changhui 121, 02428 was observed and chi-square test was conducted on F,
segregating population to analyze the genetic pattern of the mutant. The F, population derived from wlp6/02428 was used
as material, and the mapping was carried out by the BSA method. [Result] From 1-leaf stage to mature stage, all leaves
of wlp6 showed white stripes. At the heading stage, glumes and branches were albino, and the panicle turned green under
high temperature. The plant height, number of effective panicles and number of grains per panicle of the mutant were
significantly lower than those of its wild type in the two seasons, and the seed-setting rate and 1000-grain weight of wlp6 in
late season were also significantly lower. The leaf chlorophyll contents of wlp6 were significantly lower than those of the
wild type at all growth stages. The husk chlorophyll contents of wip6 were significantly lower than those of the wild type in
early and late season. In wip6, the number of chloroplasts decreased, the volume became smaller, and there was no obvious
lamellar structure. Leaf chlorophyll contents increased with the temperature and sunshine duration increase. Genetic
analysis showed that the trait was controlled by recessive nuclear genes. WLP6 was located in the interval InDel markers
R-7—R-8(physical distance 137 kb), on the short arm of chromosome 6. In this interval, 21 candidate genes were predicted.
Through the analysis of candidate genes and sequencing, we found that LOC_0s06g14620 encodes a small chain of RNA
reductase, 142nd and 158th base of the coding region carried a substitution from T to C, and the base A was inserted at the
288th position. The insertion of the base leads to termination of the gene translation. Therefore, it is speculated that
LOC_0s06g14620 is the candidate gene for WLP6. [ Conclusion] LOC_0s06g14620 is the candidate gene of the cloned
white stripe gene St1. WLP6 is the allele of St1, with different mutation sites and phenotypes.
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Fig. 1. Phenotype of wip6 and its wild type.
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Table 1. Part agronomic traits of wlp6 and its wild type(WT)
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**Difference between the mutant and WT was significant at 0.01 level, respectively(two-tailed t test).
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Fig. 2. Comparison of chlorophyll contents of the leaves and glume between wip6 and wild-type in early, middle and late
seasons at the three-leaf stage, tillering stage and heading stage.
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Fig. 3. Ultrastructure of mesophyll cells in wilp6 and its
wild type.
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Fig. 5. Leaf chlorophyll contents at various temperatures.
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Fig. 4. wip6(left) and its wild type(right) at different temperatures.
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**Difference between the mutant and WT was significant at 0.01 level, respectively(two-tailed t test).
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Fig. 7. Plant height, soluble sugar content, chlorophyll contents and chlorophyll a/b ratio of wip6 and wild-type seedlings

under different light intensities.
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Table 2. Separation ratio of white stripe and normal plants in two F, populations.
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Cross-combination White striped plants Normal plants Ratio of segregation
wlp6/ & & 121 wlp6/Changhui 121 838 2546 1:3.04 0.09
wip6/02428 457 1412 1:3.09 0.27
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A, The initial location of WLP6; B, Fine mapping of WLP6; C, Candidate gene, thick arrow indicating location of mutation.
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Fig. 8. Location of WLP6(A, B) and mutation site(C).
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Table 3. Some important primers used for gene mapping.

Frid A 514551 Akl YIELEE
Marker Forward primer Reverse primer Physical distance / kb

RM19715 CCAATCTAAATTACGCCGCTAGG GCCAGCTGTTGTTTGTAGTTTCG 7869
RM19765 GCTCCACAGAAAAGCAAAGC TGCAACAGTAGCTGTAGCCG 8931

R-9 TTTTCATATGGCGACCAAGC CATAAAATTTGGCTCAGTACAGC 8363

R-8 CTCGGAGTAAGCCCAAATCA CTGGTTGGCTTTTGCTGTG 8325

R-7 GCTGATTTGTTTGGTCCGGG TCTTTCCGGCATCCCATGTC 8188

R-6 GTTTAGGCTGTCAGCAAGGC TCAGTGACGACTCGCTCTTC 8180

VIERIE S 2 H A S N4
Physical distance based on Nipponbare genome sequence.

5 Xf. f£ 616 MatEREY, F5id R-6. R-7. R-8
A R-9(ER )M Rk E 5> A 3+ 3. 6 F1 84,
It BLAT S P AR 0 1 5 e AR AN A ], DR UK
WLP6 Ef7 T InDel ¥xic R-7 5 R-8 [a], #FHEH =
137 kb(K 8-B), MLIX[AEJFIM | 21 Mg kLA fig
T FE R oA S 7 B s A% WAL R iR Bl /)~ I 3
[Al LOC_0s06g14620 Jwh[X £ 142 1 158 A7tk H
T & C, 20 288 fArfdi N T HEEE A, BHZE A
SE TR ERWL I (E 8C). Ktk HE M
LOC_0s06g14620 s& WLP6 [#{iik 3L

3 Wig

Yool™VEE7E 2009 4FEA I vEE T Stl, [N
HNMMSIRETES ST ZMmiEE cws®,

Wgl58P%, St-wpl®l, AHFTTH ) WLP6 15 LA | ix st
SRR, IXEEGRAR R BRI N A% (Hi
R ARRAIAY St-wp A WLP6. FEABAT A AN [\ 3 B
THEFST R 2SR, St ASUNIES 4 5
B5 AN Z)E, HYmigh 339 NI R HI
WEAZ IR R /N E 38, A X 25 119 ARt A 28
B G, FEERAMRRLRIERL, &M 7K
IR AR R G . KRR AL WA A TR i Fh K
SV FE AN FE TR R B SR SR AR A, A AR A%
PR IR L O S B AL R 5 R, 7E DNA & il
A REE P REHEBEEHS. Gws G IX 5
314-315 frfgdd kA F R, 25 316-317 HldE 1 GC A%
NTT, SEOZEFFIAERID RS, & H
Jearal, HERMEATESE 2 2 J5. Wgl58 7E4h
B7 5 511 Al KA G-T [ S5, HEM b



ZEIRHESE: JKTE SO0 I FARERZE (A wip6 )25 € 5 ZE A E fiL

FRHIES 2 2 5. st-wp 5 wipe FRI2RALL, )
L R R, St-wp il X E 308 frfmiLoe
BAT), FEGMLERERRE . wip6 FELE SR K
AN AIRLLE, Y IX 2 ANAE R AR AR, X Al
BEsom B KR 228 288 Al N THE A, ST
LR R A R R AT &L

2R Z R E N EER L EY R, 266 1E
FHEEAL G RE T # 6 AL AL 2 BE A B AL e 1
SRR AN AR B — RN B RN, W
I v B AR S P s R HEAT , ANIF] A SR AR A
BB —FE . VF 2 0 B R AS R ER X R R
T, H2R E AR SR 43 SURT 43 oA v iR OB R IR
A KT wip6 B TR IR BURAY, 7ERE R
FH R AC TR H AR R AR SRR, R AR R
GaEbeTtE, HakEst, T2, EE%K 32°C
FPE SE ERACEE R, RARR I 3% 52 e 4%,
MR S EAA R T B AERY) 62.46%, T AE H A 4E
RS P 1) RAR AR I 2 3 A B T B AR Y
(¥]71.82%. & TR EZERZ 4, BRIEEL SRS
XF wip6 (L 4 520, 0 75 Bt — 0 KRG 5T .
Yoo 2R I, Stl RASALE BRI 20°C 1 30°C
KA, AmEEEEKR 20C5 30 CEHINE
MRS, TR, ARER, RIKR, BRGRE
T K fafd R A K E X EETE S E wipé
RS ER S, HRAEN S FHLHESE—
IR

SEMARL R K AN R R R TR
KRR . SRGEEM A KINREE R, KFErt
Fr 10 6 A R A — 5 Y ] P B ' i R Y 18 i i
B, (BRI K ARSI EE R, BT CO,
R, MGaBe e TR IR0 170 a3 4
FRHEAT UG AR FE SIS, W 3 B A R A X AR AR
RERK IR, FFUG PN B A R R A 2, AR A Fh
B 5 R I AT R S5 . R [R)— 15 3R 48 AR Sk
B AT B AR 5 5 AR R W oK ) 25 S, SR
ARSI R 55 AR, R IRAT AR R R A T
JE T ORRBREESLIG . SLNE T, A IIEREH A
LR R LS, MR b FEEMMEE L,
2R alb LU{E TR, MHERE b A3 )Tk
B SR BREKBRERE S, Wik T
e PRGN B OE A, XA ERER
7388 n K FC AR 5 5 ) AR A A2 AE A ) 55 ' 10 55 1
— i R R R, ATV R R — K ARG T
DIReR Ny AN E Y, R EM Fir2dELh
AEFEYIRIBE R, AT 2 B I8 J5 ]

545

ErETHE . AHEF & DU A AL SR R A bR
ZEE, HRAEERE SRR E T . e L
KRR, AWFFCCAE E . AV TR S BT 28R
B EAFNGIEDE RBUR B bRt . wipé RELN
XOCIE SR GBI, IRt R AR R I 5L 2
A AL -

P EE

[1] von Caemmerer S, Quick W P, Furbank R T. The
development of C4 rice: Current progress and future
challenges. Science, 2012, 336(6089): 1671-1672.

[2] Leister D. Chloroplast research in the genomic age.
Trends Genet, 2003, 19(1): 47-56.

[8]1 GRMEAE, BIARZE, TR, KREALRREG .
AR ER, 2013, 1(11): 1-7.

Zhang H Z, Cheng Z J, Wan J M. Progresses on the
studying of rice leaf albino. Biotechnol Bull, 2013, 1(11):
1-7. (in Chinese with English abstract)

[4] Awan M A, Konzak C F, Rutger J N, Nilan R A.
Mutagenic effect of sodium azide in rice. Crop Sci, 1980,
20(5): 663-668.

[5]1 PRI, 2755, WMk, KR i (0 S 2R FE R F) T
FAESL. WALk R, 2015, 54(11): 2564-2568.

Sun W J, Li W C, Ji S D. Research overview on the rice
seeding leaf chlorosis genes. Hubei Agric Sci, 2015,
54(11): 2564-2568. (in Chinese)

[6] FRmtF, B, BSCH, #ME, S, RBE. KFE
2% 1 IR [ 73 5% 70 6 R St-wip IR 38 4% 43 1T 500 40 5 or.
WA 2], 2015, 29(7): 1246-1252
Chen Y P, Zhai Z, Yang W J, Sun J, Shu X L, Wu D X.
Genetic analysis and fine mapping of St-wp gene in
mutant rice with stripe white leaf and white panicle. J
Nucl Agric Sci, 2015, 29(7): 1246-1252. (in Chinese with
English abstract)

[7] Kusumi K, Mizutani A, Nishimura M, Lba K. A virescent
gene V1 determines the expression timing of plastid
genes for transcription/translation apparatus during early
leaf development in rice. Plant J, 1997, 12(6):
1241-1250.

[8]  FIVKRES. ZKAE A 2 R A ARVIBIK R Y 3 M SRS 4 5

fr. HAC F AU AE, 2011,
Sun L H. Phenotypic analysis of a rice virescent mutant
v13 and fine mapping of the gene causing mutation.
Nanjing: Nanjing Agricultural University, 2011. (in
Chinese with English abstract)


http://xueshu.baidu.com/s?wd=author:(Nilan,%20R.%20A)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person

546

(9]

[10]

[11]

[12]

[13]

[14]

[15]

Sanchez A C, Khush G S. Chromosomal location of some
marker genes in rice using the primary trisomics. J
Hered, 1994, 85(4): 297-300.

FLLE, AT, BB, FREE, RWE, REE. KE
S A A B TR ) 4 5 R iR T . BRI AR
2003, 25(3): 461-466.

Li H C, Qian Q, Wang Y, Li X B, Zzhu L H, Xu J C.
Identification and chromosomal localization of rice white
panicle. Chin Sci Bull, 2003, 25(3): 461-466. (in Chinese
with English abstract)

KNG, 0505, BRE, BER, REs, T, 5k
K, Bt FRREM K B AL R AZ A wpsm K i 4% 70 A
SRR ENL. TEYI2ER, 2013, 39(8): 1409 -1415.

Zhu X 'Y, Xu F F, Sang X C, JiangY D, Dai G M, Wang
N, Zhang C W, He G H. Genetic analysis and gene
mapping of a rice white midrib mutant wpsm. Acta Agron
Sin, 2013, 39(8): 1409-1415. (in Chinese with English
abstract)

U, fE s, SCERMF, TkOREE. JKAE E A ikOswm
RARIEAL /M SRR A, Bl 24, 2007
23(1): 1-4.

Li N, Chu HW, Wen T Q, Zhang D B. Genetic analysis
and mapping of the rice white midrib mutant Oswm. Acta
Agric Shanghai, 2007, 23(1): 1-4. (in Chinese with
English abstract)

ISV, TR, AR, AP T, KRER, BREH, W
Zfhvr. KRG A R ik Oswm2 138 4% 43 # 5 4 F-Frid
SEf7. 1%, 2008, 30(9): 1201-1206

HuJT, Zhang J, Li Y Y, Fu C Y, Zheng J, Chen J B, Hu
Y, Li S G. Genetic analysis and mapping of a rice white
Hereditas, 2008, 31(9):
1201-1206. (in Chinese with English abstract)

b, XETT, AL IR, —ANKREEIE %L
T 2 il A 0 1 A SR AR AR ) 4 e AR IR e . o [ KA
Rl2E, 2011, 25(5): 461-466.

Jin Y, Liu H Q, Wang D K, Tao Y Z. Genetic analysis
and gene mapping of a white striped leaf and white
panicle mutant. Chin J Rice Sci, 2011, 25(5): 161-166. (in
Chinese with English abstract)

Yoo S C, Cho S H, Sugimoto H, Li J J, Kusumi K, Koh H
J, Koh I, Paek N C. Rice virescerrt 3 and stripe | encoding

midrib  mutant Oswm2.

the large and small subunits of ribonucleotide reductase
are required for chloroplast biogenesis during early leaf
development. Plant Physiol, 2009, 150(1): 388-401.

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

rh [E 7K FE R} 2 (Chin J Rice Sci) 2 32 4558 6 (2018 4F 11 A)

Nagao S. Genie analysis and linkage relationship of
characters in rice. Adv Genet, 1951, 4(4): 181-212.

lwata N, Satoh H, Omura T. Linkage studies in rice new
genes belonging to the 11th linkage group. Jpn J Breed,
1979, 29(2): 182-183.

Maekawa M. Studies on genetical difference between
distantly related rice varieties. Mem Facul Agric Hokk
Univ, 1982, 13(2): 146-177.

Maekawa M. A new leaf stripe gene st-5 its linkage with
d-2 and the location of gene P in the second linkage
group. Rice Genet Newsl, 1988, 5(21): 85-87.

Maekawa M, Inukai T, Shinbashi N. A new gene for leaf
stripe(st-6) found in linkage group 3. Rice Genet Newsl,
1990, 7(11): 108-1009.

Stern D B, Hanson M R, Barkan A. Genetics and
genomics of chloroplast biogenesis: Maize as a model
system. Trends Plant Sci, 2004, 9(6): 293-301.

RDZE SRR, BIKHEUR, BEE, B, ol
B IR, K& A &S00 2 F st 15 A, LI
Ak EE#Rk, 2012, 28(5): 928-932.

Liu S K, Zhang Q J, Qi Q M, Lai D, Liao H M, Yan W F,
Zhang B, Lu C G. Mapping a novel rice white stripe
gene, st9(t). Jiangsu J Agric Sci, 2012, 28(5): 928-932.
(in Chinese with English abstract)

AL, ZBE P, BeEf, VL, X, miRTE, JE
W, KEE, AT, KRG 5 RASAAR (st10) R astA% 23 17
H5ERBREAL. 4 F Y E R, 2011, 9(2): 136-142.

He Y H, ZouG X,Rao Y C, Hu J, LiuJ, Gao Z Y, Guo L
B, Zhu L, Qian Q. Genetic analysis and molecular
mapping of a white-stripe leaf mutation in rice. Mol Plant
Breed, 2011, 9(2): 136-142. (in Chinese with English
abstract)

REGR, HA, ZA, BT, THRAS, EE
EEE, TEF, M5, A KEA X80 RA
PRty oM S E AL, T EUKFERLAE, 2015,
29(01):14-21.

ChengQ S, YeBQ, Yuan C, LiW T, Yin J J, Wang J,
He M, Wang J C, Wang Y P, Li S G, Cheng X W.
Genetic analysis and gene mapping of white stripe leaf
mutant st11 in rice. Chin J Rice Sci, 2015, 29(1): 14-21.
(in Chinese with English abstract)

M TZE KRG A % S0 RAR SRS Al E L. &1
WHLIME K27, 2013.



ZEIRHESE: JKTE SO0 I FARERZE (A wip6 )25 € 5 ZE A E fiL

[26]

[27]

(28]

[29]

[30]

[31]

Ye W J. Fine mapping of a white stripe leaf mutant st12
in rice. Jinhua: Zhejiang Normal University, 2013. (in
Chinese with English abstract)

FWE, RI707, mute, BITH, MMk, HER,
RS, 250, fete, /KRS 6 BEAE 2R AR A st(t) 1)
S R EN. EYAR, 2010, 36(2): 211-216.
Sang X C, Xu F F, Ling Y H, Zhao F M, Yang Z L, Tang
Y Q, Tian X Q, Li Y F, He G H. Identification and
molecular mapping of stripe leaf mutant st(t) in rice
(Oryza sativa L.). Acta Agron Sin, 2010, 36(2): 211-216.
(in Chinese with English abstract)

JB/ANER. 7K A 1 2% S0 AR A4 3 R st(k) FRI 382 4% 70 #T B
RN, BEHR: DY KA, 2013.

Kuang X L. Genetic analysis and molecular mapping of a
white stripe leaf gene st(k) in rice. Chengdu: Sichuan
Agricultural University, 2013. (in Chinese with English
abstract)

EH . KAE 2RS0T RAZ R B38R BY 3 H S R AR
BRI EAL. R RO KA, 2013.

Wang X H. Phenotypic analysis of rice green-white-stripe
mutant B38 and fine mapping of the underlying gene.
Nanjing: Nanjing Agricultural University, 2013. (in
Chinese with English abstract)

R IR ZE, EAM, REW, IME, KK, R,
T, RiEE, BWHEF, B, TER. KFEEKL
- Gws 3 [K] FA RS 41 € A7 5 8% 0 #r. AR5k, 2010,
36(5): 713-720.

Xu F H, Cheng Z J, Wang J L, Wu Z M, Sun W, Zhang
X, LeiC L, Wang J, Wu FQ, Guo XP, LiuLL,Wan]J
M. Genetic analysis and fine-mapping of Gws gene using
green-white-stripe rice mutant. Acta Agron Sin, 2010,
36(5): 713-720. (in Chinese with English abstract)

. IKFE A B0 TR wgI58 1 38 % 43 # 5 2 R
B, BHR: PY 1A K 2, 2013,

Xin L. Genetic analysis and gene mapping of a
White-stripe-leaf mutant wgl58 in rice. Chengdu: Sichuan
Agricultural University, 2013. (in Chinese with English
abstract)

B, KRG Ak R R AL5942 1 84 % 5 I W 3 B ]
DA7TSHIEN ve . AAR: DU AR K2, 2015,

Liao T T. Genetic analysis and map-based cloning of the
albino mutant al5942 and the early senescence mutant
d475 in rice. Chengdu: Sichuan Agricultural University,
2015. (in Chinese with English abstract)

[37] BriEv,

547

[32] RiEz, 1RIEHE, 708, E3R1E, BHEE, M. A

(R RE R B P KR A AR L AT 7. N S5 RO R o
R HSRBIERR, 2006, 21(3): 294-299.

SongGY, XuZJ,SuH,Wang C, Gong Y Q, SunH'Y.
The study on plant shape of different panicle rice
varieties. J Inn Mong Univ Nat, 2006, 21(3): 294-299. (in
Chinese with English abstract)

[33] Zc#fde. JKFE A2 S0 (A AR S AR A L RN WPAH B A7 7

BE. BN WRLAR bR K2, 2016.

Zuo W W. Map-based cloning of a rice utant gene wp4
controlling white stripe leaf and panicle. Hangzhou:
Zhejiang A&F University, 2016. (in Chinese with English
abstract)

[34] Wang Y, Wang C, Zheng M, Lyu J, Xu Y, Li X, Niu M,

Long W, Wang D, Wang H, Terzaghi W, Wang Y, Wan
J. WHITE PANICLE 1, a Val-tRNA synthetase
regulating chloroplast ribosome biogenesis in rice, is
essential for early chloroplast development. Plant
Physiol, 2016, 170(4): 2110.

[35] Emesk, ¥ERAR, BAE, Mk, 40T, A/, ﬁ

e, R, KR AR AR wpA ) 4 5 R R K54
SENL. EPNEAR, 2015, 41(6): 838-844.

Wang X W, Jiang Y D, Liao H X, Yang B, Zou S'Y, Zhu
XY, He G H, Sang X C. Identification and gene fine
mapping of white panicle mutant wp4 in Oryza sativa.
Acta Agron Sin, 2015, 41(6): 838-844. (in Chinese with
English abstract)

[36] Song J, Wei X, Shao G N, Sheng Z H, Chen D B, Liu C

L, Jiao G A, Xie L H, Tang S Q, Hu P S. The rice nuclear
gene WLP1 encoding a chloroplast ribosome L13 protein
is needed for chloroplast development in rice grown
under low temperature conditions. Plant Mol Biol, 2014,
84(3): 301-314.

s, HTUAR, TEOCH, US4, St K
FE S PR FAE 57 55 5378 fst-fon (K1 468 52 5 1AL iy, +h
/K FE AL, 2012, 26(6): 677-685.

Chen D X, Li T, Qu G L, Huang W J, He Z Q, Li S G.
Characterization and genetic analysis of a streaked and
abnormal glumous flower mutant st-fon. Chin J Rice Sci,
2012, 26(6): 677-685. (in Chinese with English abstract)

[38] Zhang Z G, Cui X A, Wang Y W, WuJ X, Gu XF, LuT

G. The RNA editing actor WSP1 is essential for
chloroplast development in rice. Mol Plant, 2017, 10(1):
86-98.


http://www.ricedata.cn/reference/papers.aspx?id=61079
http://www.ricedata.cn/reference/papers.aspx?id=61079

548

[39]

[40]

[41]

[42]

[43]

KA. TKAE I AR R AR A 3 DR wilp 1) Pz 52 B 5 1
Rer . dbnt: HhECROVRLARE, 2013,

Song J. Map-based cloning and functional study of rice
mutant gene wlpl gene controlling white leaf and panicle.
Beijing: Chinese Academy of Agricultural Sciences,
2013. (in Chinese with English abstract)

Rogers S O, Bendich A J. Extraction of DNA from plant
tissues. Plant Mol Biol Manual, 1988, 6(1): 1-10.

Panand O, Chen X, McCouch S R. Development
microsatel lite markers characterization of simple
sequence length polymorphism (SSLPs) in rice (Oryza
sativa L). Mol Gen Genet, 1996, 252(5): 597-607.

lba K, Takamiya K I,
functionally active chloroplast is determined at a limited

Yoshihiro T. Formation of

stage of leaf development in vi-rescent mutant of rice.
Dev Genet, 1991, 12: 342-348.

ok, BAWEE, xER. SRR oL AR
TIREMIREI SRR, (EYHT 4T, 2008(2): 140-142.

[44]

[45]

rh [E 7K FE R} 2 (Chin J Rice Sci) 2 32 4558 6 (2018 4F 11 A)

Xia B, Yang S Y, Liu Q B. Effects of ecological factors
on photosynthetic physiological functions of rice leaves.
Crop Res, 2008(2): 140-142. (in Chinese with English

abstract)
WRER G, WAL L. KA e RS KRG ARl
ﬁﬂﬁ%%a %m JI. AT RS AR, 2006(12):
26-30.

Chen X Y, Ling M S, Gao Z H. Effects of water stress on
soluble sugars and free proline content in leaves of rice. J
Henan Agric Sci, 2006(12): 26-30. (in Chinese with
English abstract)

ViR, BOREAL, W2, REME. KRB AKX 550
o RO N B AH SR A v [ R 2l AR, 2011, 27(5):
70-79.

Yang D, Duan L S, Xie H A, Huang T X. The response
and correlation analysis of rice seedlings growth to
low-light stress. Chin Agric Sci Bull, 2011, 27(5): 70-79.

(in Chinese with English abstract)



