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B, R, AR INAIeT | (5= et Al = o e % E 451 73.66%, 66.91%F245.81%, 5 | ATImePCR
5 A ERI0G AT, BRIAINTRHEQLA B F BN, EHEERLURYBHEZ LR,

Il 18y ot Fr /N8 SR BV B BB . TR B HEPIOR AN, S 3/ N4 SR 2 ] By K

AAN, NTIBIRT ET bt I E=t o620 EHEZS THAR. ELgk
BEHERFENERLANALELER. EREMNM LT EM, R bt T —xtRERZE

B4, BT 2R K0 FARIESWU-140Ind6 = [6812 kbl X, # 3t 2 HHM, A% Kt
HI2ONMEH I E, dHPINT G HEPHRNEEN T, Hx XN CNENS 5T 4E R HFE

Z 5. DU 40 i R b AE K B 6 A& vt 3R T A R R RIAT H fyreal-time PCRAMT & B, 4 vt 3£ A
ROCS5FaRLI4# &KW B L3, TTACLI, SRLIVA BNAL7# T, B 7 X S A o f & Bl — 3@
#BERAETHONAT. ZERZ-NFHAANERE, MEREATHEE, EHNRTEREH T
ZEMAANER, BUARERIZEEAN B YRARR G M EET R Ea

KR A2 E A EE. KFE(Oryza sa-
tiva LOMRADESZ AR K P i E 2N K. 20148
04EARTT G, B A G th it 7 N A BT 2 R B
AHRR R AR 2 — U S RS R A A L
9308” LA S P FR 1k A2 A RE AL A& < WL 85 JL A w4k
E32"gi 2R e 948 F TR B L R F,
B St 3 B S R SN N =4 LU < S Y R 15
R, RGN A A AR R B AP, 4
o FER R BRI EGERH A IR, A

P i BE T R A pR LR A H A H I
EHAE MBI, AR R AR IR /N | 45 SR T
SEAFIVEAR A AS S, TR ME BB, i i 0 v
JEE A 1 5 T AR A BT RS R, A KRR PR AR i R R R
A TERIFAIE.

UTAFR, aE o HAE 5 AR K T-DN A A AL 55 F
B, Cfs T EE MG TIR. I Lerk, K
A IR AU TROREERE. HAT, AR T
P b B A 250 23 530 50 T 585 1 5% AR ) A
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Bt Fe [ (unilateral rolled leaf 1(r), URLI(1)", %52
Ye oK (1K) 35 L (rolled leaf(r), RL(t)™, ik
5 N (adaxialized leaf 1, ADLD™, &35 iy 35 4]
(curly flag leaf 1, CFLI)®, KR EcHM 2404 51k 3k
[H (rice outermost cell-specific gene 5, ROC5)"'", %33
Yu (044 1) 48 45 1 BE ] (narrow and rolled leaf 2(7),
NRL2(t)", M-S K (narrow leaf 7, NAL7)/A% 255k
H (constitutively wilted 1, COW"*"3 5| E& /K F - F
M b & 89 Argonaute K 5 3 A (argonaute 7,
OsAGO7)"™ %5 4 Y o (K Y 3T fh b R 4 il 2%
(abaxially curled leaf 1, ACLI™, %55 L (A {4 (1) %5
B (rolled leaf 7, RL7)M®, B:m-FEHN (rolled leaf 8,
RL)M, 55 6 Ye {0 {K 1 2 %5 FF H& N (semi-drawf-sl,
SD-SL)'8 Bt FE[H (rolled leaf 13, RLIM, H574%
oK 1) 3 I 4 25 80 3 A (rolled fine striped leaf,
RFS)PO -5 (rolled leaf 11(t), RL11(1)P", 3
-3 [H (semi-rolled leaf 1, SRLI)P?, JSZ0IRE: M HE A
(shallot-like leaf 2, SLL2)*3, %4594y ta 1A iy 35 i 3L [
(rolled leaf 9(t), RL9(1)/2EZ MK M A (shallot-like
leaf 1, SLLIP** #7533 H (rolled leaf 10(1),
RLIO(t)®, 45 104 @ IR M 3L [ (rolled leaf 12(2),
RLI2(0)?7, h g Bt K [H (rolled Leaf 14, RLI14)™,
B I (rolled leaf 15, RL15)™?, 114 a4k b iy 2
BB K (narrow and rolled leaf(r), NRL(1))POHI%512
Ye Ak b B2 M3 N (narrow leaf 3(r), NAL3(1))PY,
B HE I (narrow and rolled leaf 1, NRLI1)//KFG3S
Y E G EEDAFEH (rice cellulose synthase-like D4,
OsCSLD4)P> fE ik B I K of, B2 e T 114,
3 o ik SE L P A TERE, WA HER T KA R
) — ST AL, FEAFE KIS (1) Ui/ i
(R A= AN e e B N &P N LR 8
KA RI9()/SLLIP* 0sAGO7" YV FIADLI™; (ii) M
HARZNET SRS, WCFLI®; (i)
RANL Y & B 5 o gl ¥ AL i3
R SRLI¥Y, ROCS!M™, RLI4™, SLL2™ AcLI™!,
NRL1/0sCSLD4AB**3 FI NAL7/COWIM =, W W %
B L, A S LR BEAEM LS,
I A ) 2 5 Rt A 2 58 TR DR 2 b oA TR A g 3R 1
EZ7 Y 0BT [Nl

| H JE i B2 £ 8 (ethyl methane sulphonate,
EMS)iF AR HIAEIK 2 R 45K 105 KA T — it fe ke
MK FEAE T G WG M R AR K I, AR NE S
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20 M A B S A TS [ I SV, IR AT IR A%
O3 BRI DR RE 07 A 308 ik R T A B real-time
PCRIM . #IF 5T 45 RAUA F T4 75 7K A8 4 HHIE B
Ao HLH, T ™ 7 R b 4 B B BT

1 MRSk

(1) REMR SRR, LIEMSIL A58 45K 10
SRR RE AT S5 WG R AR, 2t % 2
ZRIEEE, CafEmfG. WAL B FE R & 07 T
M — kAN AT R FRAAT RVERIA.
ZRPR 105 FPG AR LAY Ry P e K22 K R IF 52 T ik & 1Y
EERKE ZFMAE .

201 24F 75 1 P C ] P4 4R LAXIrLI Y 22 A2 4, )
SERKZAE I RMAEF,, WOARF AT 20134E 76 PY R K
22 50 b AT 4 TR P R AR B 1l 1A A2 T ER R 105 4%
30k, I 7E Al R A R A P AR 45 SRR 0 i R,
TR E L, AT AL AT R, R ERE T
BARRAE SRy i PR S o7 FREAAR.

(i) MArBMEALESEE. 1E4FEA
B, 430000 % 108K B AR R b =k 5E, LR 10
BR UL (8] — (), (8] A = i A e e
Aib 3 IS Y 2% B B (L), TG k18] B (Lw), F]
FHA R (Lw—Ln)/Lwx100% 35345 i )3

TE A AR A Li-6400f8 4% X% 5442 (LI-COR, &
)i 5 10RR L 1 ANEF A= B @ | 8] e =AY
HOLA A (Pn) . AT (Gs) . COMIMMEE (CiyFn
ZE I L (Tr).

(i) A ERGEME.  EMEY S 5k
FIEY A RUZRR 107545 108K, I G | 5] — i A —
M EA RS, ORI LD B

(Vi) A 8EY1 R HIVE R e dii~4 oA, FEdhl
WIBUA TR 105 B9 F AR R, 5 iR ZE i)
3 1 77 3 [ R F AR R SRR R T0% L BE R 2: 12T 1Y
WD, CEERK, AREE, YIR10~15 um/E R
W, FLESEXTYY, A5 HNikon E6005%2% i i e
(HZA)WEE I REAH, AT i Fr 4 254

(V) REMWREZA.  SBIACI1FE A A
F 10K F A bk s . A ROEEL . B . ORI . S
RO, 25505 TR ESR MR, KRG FHExcel {7
geitsrr.

(vi) @A, R HERE S B 79 Hr (bulked-
segregation analysis, BSA)¥E, HRIEF, R, 435 EH
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LOPR IE 5 BR AN 1OMR A5 52 A8 Bk, 85 BUA5 12 1 5 53 )
o g T 5 PRl R 2 AR R DR, FH P AR TARIZE PR 10
TR Z BN PRl o Bl eI AR S 2R
Ja FHF,H LORR 1E 5 BR AN LORR S AR MR I HIE, fc )i R B
P AR R A T L PR o

LR 7 MR AR DNAS B 75 fe 3k = H
I R 1k #% (hexadecyltrimethy ammonium bromide,
CTAB): PR M. ik [ 7 (L 31 14 (1 DN AR I 157 5 Bk
BIEPTHREL.

fiij B 51 85 & BRid (single sequence repeat, SSR)
5 ¥ % 5 A9 Ak 2% #710 (insertion-deletion, InDel)
S P, el LA TAMEARA R AR (L
g)F . PCRIZNL MR R A25 uL, BHFDNAKIHR2
uL, 5[#72 uL, 10xPCR buffer 2.5 uL, 10 mmol L™
dNTPs 0.5 pL, 5 U pL™' Taq DNAEATF0.25 uL,
ddH,0 17.75 pL. PCREEJF N4 CTHIAEM:S min, 94°C
P30 s, 55CIR K30 s, 72°CHEMA5 s, 35MEIF,
T2°CHEA 10 min. PCRy™PI7E19:1 (AR 3 P9 I 1t
Je B b FL vk, PREAR e ik e Y B A TE AR 1A
R EARICVEA, B Il B Rk IC/EB, HA
R B ) Rk ic M H, FMapmaker/EXP3.0%K 4 1
TTIES T, I F Kosambi PR UK F 41 R 5 4L R 1%
FEES (cM).

(Vi) fEEEEPI A A . FEKAE A SR UL
P& J& (rice automatic interpretation database, RAD)
(http://ricegaas.dna.affrc.go.jp/rgadb/) Fl /K Fg B SLitK)
Y5 % (rice annotation project database, RAP-DB)H
(http://rapdb.dna.affrc.go.jp/) 2% 1R K& 4l =& 7 X [8] N FIr
A # M {E B . 5 Gramene (http://www.gramene.org/
rice_mutant/) 2 ] iYL 5 B EAT HL X, 45 &3k
T RE, G s L B

R 4 % 36 2L PR 9 DN AT 1 i 1514, I X 38
FLAE L B SN T RN 1. DLERK 105 Rl LT Y
DNATE AR, F5I9 3By 3E HEFEEH, PCR™ )

25 T M5 0 e R W UK Ay B R, Y0 Il i O O 4
pMD®19-T#% M, i 3 7= ¥ % 1k K 0 4T i Ik 2 &5
DHSo, i 58 % 2 14 BH P 7 B 116 i S i R I 52 )
AR R MR, SR 0 e 4

(viii) S0} 5E fEPCR(real-time PCR)ZMHT.  J3#r
T 61 51 R A IR 4 AR Ak (4 AH G 45 i R L ACLI,
ROCS, RLI4, SRLI, NRLI, NAL7TESEZS AR Irl 1 FN BT A
BRIk 2Z . IRt LR L. 74 R TIR
Ll T RVEF A RUZEYR 105 0 e, 2 B0 & e B 5
TRIzol # Bt & RNA, 3% Superscript Preamplification
System (Gibco/BRL, 3& &) & 15 B 5 2K i b i
M4 BcDNAZE—4E. Dl Actin %, 50 pL PCR
K&, HE3REL, */HTaKaRa SYBR Green%$:
ekl (K 3%), KW 7EBio-Rad CYF96 &l 5F H PCRAY
(TaKaRa, HZ) 17, FIMx3000PHK {4k 5 £ F1
SR,

2 #Rk55r

2.1 Irl B AR AR PRIkt

BY A RUAEIR 1050 A B W s 2. 1R
MR FERTIAE R IR R, MBI AR, B =ik
N BEE AT IR HEE, HAG i R, i
TR 5 46 3 S A R (B 1(a)~(h)). ZE R o it
18] — w0 ) = o il B2 29 01 o 60.83%,  58.63% Al
20.70%(E11(1)), BCEAMA G 3] = i A5 = i 4 it
JE 551N 73.66%, 66.91%F145.81%(E1G)). Irll1fE%4-
T 5 b il R0 B S 2 B A A g S AR AR 4y
S0 0.20F10.17 cm. T E] = i FE] =t 58T
A 2T (ER2).

FE A, 1l 15 B A RIZEPR 105 ARk . K
A RUREE . R ORI R SORIRL . B IOR A
WS, ACTRCE B W A3.10 g(K3). Al W, Irll
) s AR B AR T AR K 105 | 25 R R, (EA5 Ik

%1 Real-time PCR #3< 5|4

Table 1 Sequences of the primers used in real-time PCR

i ERIHIG—3) 151915 —3)
ACLI CTCCCCTTTCATCGTCTCC CGTTGTTGTTGCCGTTGTC

ROC5 CGCAAGAGGAAGAAGCGATAC GCTCCAGTTGCGTCTTCATC
RLI14 CTCTTTCAGGCATTCCATTGATG CAACACCTTGTCAGCTTTCAAGC
NRLI TCAGTAGTGTAGTGGTGTCG GCACTCCTTCATGTGAGCTTCA
SRLI TGCATCTTTTGACCCAGCTAC ACAACAAGGGTGCCCAGATAA
NAL7 TCAAGAACATCACCGGCCAA CGATTTGATCAAGGACCATGCT
OsACT AGGAAGGCTGGAAGAGGACC CGGGAAATTGTGAGGGACAT
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Figure 1 (Color online) The phenotype of wild type (WT) and the /rl/ mutant. (a) The plant of wild type (WT) at botting stage; (b) the plant of Ir/] at
botting stage; (c) the uppermost leaf of the wild type (WT) at botting stage; (d) the uppermost leaf of Iri/ at botting stage; (e) the plant of the wild type (WT) at

maturation stage; (f) the plant of /rl/ at maturation stage; (g) the flag leaf of the wild type (WT) at maturation stage; (h) the flag leaf of /rl/ at maturation stage; (i)
the rolling index of the upper three leaves of wild type (WT) at botting stage; (j) the rolling index of the upper three leaves of [rl/ at maturation stage

F2 BHEHABAGEER WD 1§ 5E Y
Table 2 Leaf width of wild type (WT) and the /] mutant at botting and maturation stages®

T TR
LR F EF (cm) =0t (cm) fE =01 (cm) @It (cm) ) fE =01 (cm)
Irll 1.52+0.83" 1.42+0.83 1.38+0.08 1.78+0.16" 1.67+0.90 1.53+0.08
WT 1.72+0.10 1.50+0.07 1.46+0.09 1.97+0.12 1.76+0.11 1.67+0.11

a) *: [rl] FVEF A B SEPRIRAE 0.05 K- T 25 B3

%3 HAEBWDS Il BREERD

Table 3 Agronomic traits of wild type (WT) and [r// mutant at maturation stage®

La) P (cm) AR K (em) R ERESRAL HIR (P) TR (g)
Il 108.26+4.56 10.80+2.97 28.38+1.10 180.92+10.97 134.59:5.83 74.47£1.68 21.43+0.72"
WT 112.04.28 11.80£3.26 28.55+0.42 197.57+21.81 156.58+18.25 79.27+3.89 24.530.73

a) #¥: 7E 0.01 KF T ZE S B, Joo " Ron bk SR I 22 5

21.43 g, i HHABPRAREEABA SRR AL S, Nl AR 78RR N SR E B ML (i 201

AR LA 7 1 R S YL B BEA R /A o i) TR 2
‘ & FIREUN . HES A A (B2 FIb)). Tl
2.2 I ANy B W AR AT RO TR 5 HES R A B,

T AR AE SR R I AR BRI, TR AN R A e L/ (B 2(c) Rl (d)), X4
AR BT A SRR L P AR TR B, s AR IRATI R AL AT RES R T 1ri 1 i 4
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BT, (a) SPARRI PRSI (b) [ (2) P RAERR MR L (o) 1rid
R REDTTHL; (d) P& (o) BRAE RS ORIEL. 7 Sk B iR 4 i

Figure 2 (Color online) Cytology analysis of wild type (WT) and the
[rl] mutant at heading stage. (a) Cross-sections of leaf middle vein in wide

type; (b) enlarged part of black box in (a); (c) cross-sections of leaf in Irl1; (d)
enlarged part of black box in (c). Arrowhead point to bulliform cell
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2.3 Ik e AR

T AR ] 20 1) ) B A B 4B K 105 ALl 1Y &1 -
B A = O S AR S Ea . 2R,
IFIDIRENT RIS Fa, MHER Db, B RE G &K
FA RS m I E T AR AL (K3(a)~(d)), B
TN T Ul AT 8232 T8 2 RE Y R Ul

WA, X EF A BRI e A S8 T E, &
BP0 R 66 2 (Pn) IR T B 2E A 240.59
umol CO, m™ s, HEA B E R, IS ILFSE .
ML COL MR FE . Z5 1 3R 35 33l /& T 87 A2 740.03 mol
H,O m™? 57", 6.50 umol CO, mol'F11.09 mol H,0 m™
s, (BB HEAE0.05 8 F K. TRELLINM F A0
ER W ERIN, —E R Lk T R 5 & i 55
AN A T R D T R R, B L Bl
A R AU A A B AT 35 (K3 (e)~(h)). [FIAT,

(b)

Lo

XAB PRSE (Mg L)

oWT
jo2}
a0
A
E 0+ - -

B0t iy E=0t
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B=H
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O = NWhHOUOON®
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B3 (MR )RR [ AP AE B (WTO LA AR S ZOCASEOMT. () TARIWT)F A b =M53 a &t (b) BAERWDH I
EEMARE b S (o) BHAERIWDA ] B =R S (d) BHERWDA ] B =808 MRS (o) BAERIWTMI 1] I F i
N R () BAERWDM il W ESILRE; (o) BARIWTR i M MR CO M ; (hy BFAERI(WT)R Irl] MR ZEREHER. = 1 0.01

K25

Figure 3 (Color online) Photosynthetic pigment contents and photosynthetic characters of wild type (WT) and the [rl/ mutant at heading stage. (a)
Chlorophyll a contents of [rl/ and wild type in the upper three leaves; (b) chlorophyll b contents of /r/] and wild type in the upper three leaves; (c) total chloro-
phyll contents of ri1 and wild type in the upper three leaves; (d) carotenoids contents of /r/1 and wild type in the upper three leaves; (e) net photosynthetic rate of
Irl] and wild type leaves; (f) stomatal conductance of /rl] and wild type leaves; (g) intercellular CO, concentration of /rll and wild type leaves; (h) transpiration

rate of [rl] and wild type leaves. **: 0.01 significant level
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DAL AT BER AT AR AR RO 2 5 R A
2R BR SR AT 3 8N Y A B

2.4 Irly s br

I J I D AR LA KRR AR 5 3 2 AR (R Il 1
258, FACAEARIM BB R IIEH . K T i 5e7
PEIR T fE5Z Bt BL P . B BRI S BB, 3%
B RGE MR, Hod Bk skoe0tk, - e Bk
30058k, 2 MGG, R E M 25 A 3
. (=1.30<3.84(%(0.05,1))), i — 4 % 4% it 58
AR % —S%of B B PR 4 i

2.5 JERMy TENL

F FHO8XT P4 A 1 AR5 1K 105 [8] e 30 2 5 PE A9 7
T hR LT s I IE B 3 R IR A7 3 RE B b, &
PREE YL AR | A FRiC RM201 78 19 3 [K] 3 18] 77 75 22
5. 3 HUF, T 108K 45 i B ER R LORE IE H S bk #E AT %
BREGIE, FWIRM2015 1A 1281, SR )5 F FH . REAR Y
96015 A8 B KK Lrl 1 W) 20 5E A7 T Ind L FIRM201 22 [1],
LI B 43 ) R 2.4F14.0 cM([E14).

N T HE— A A0 E AL, AEInd 1 FIRM201 22 8] #F— 4
it 71000 FRid, HA A 6N A 28 GRS). A&
Ja M A 28R 6 bRic KR Rtk 2848 B Rk R 734
BEAr AT, 2N LRLIFE A 22 {57 fE SWU- 1 FlInd6 2 [1],
WAGEE S A3 9 1.2F12.0 oM, RIEHIFT S FH9311%
Hp), HY R 812 kb(K14).

2.6 firade 3 PR B A

TE K A Bl B SCE 5 2 (RAD)(http://ricegaas.
dna.affrc.go.jp/rgadb/) Fl 7K F& B it % 54 48 & (RAP-
DB)(http://rapdb.dna.affrc.go.jp/) H 25 1 % [X 8] N Fr A5
I3 A {5 B . 5 Gramene(http://www.gramene.org/rice_
mutant/) WP 25 1) (%) 3 UG B EAT EL X, 45 A S5k DAL T
e, K IAEIZIX A] N A 129 Tt B (3R 5).

e T 34~ AT e 5 A MR A OGRS, 4k
ARG BELIREL . P45 5 M2 UBFE6 FIMYB
KGR sk R . AR X e 5L A DNA T 91 11514,
SYEBYHG, AL R LS E R R O AR
AR, 28 LR, 3 28 JE DA 7R 1l 1 R Az R[]
WIS, RWXINEERBIAIELRLI M ik H K.

F 4 LRLI EFEHRSFHRIEEIMTH
Table 4 Primer sequences linked with LRL]

Frig Em51#1(5—3" S5 (5 —3")
Indl CGGCAGGTCTTGTTAGTTTG AGTAATTTGGTCTACAAGGAGTGG
Ind2 GATATGAGTTGCATGTGAGAGC CTAGTGGGTCCCATGCAAA
Ind3 CCATCTTTCGTCGAGGAC CAATGAATTAAGTGAACATTGATAT
SWU-1 GGTTTGCATGACCTTGTAGATT AATACACATACCTTAGCTT
Ind6 TCCGAGTCGTACTCGTACCTC TTTGGAGATGGGTGCGAT
Ind5 GAATGGGACGCATCCATA TTCATTTACAAATACGCCGTT
Ind4 CCATTTGTAAGGTTCCAGAATT GCTAGGAACCCTACTCACAGC
RM201 CTCGTTTATTACCTACAGTACC CTACCTCCTTTCTAGACCGATA

Markers Ind1 LRL1 RM201

chr9 i | Y |

" n=960
Dist.(cM) 2.4 cM (46) 4.0 cM (77)
Ind1,Ind2 Ind3 SWuU-1  LRL1 In(|16 Ind5 Ind4 N\RM201
[ | | | | || e
1.5¢cM (30) 1.4 cM (27) /12cM (23) 2.0 cM (38) 2.9 cM (53) 3.3 cM (65)

812 Kb

Bl 4 (MZRRF)LRLI FEF 5T L
Figure 4 (Color online) Molecular mapping of LRLI
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F5 XIRAEHER
Table 5 The predicted genes in the location
TR EEA i)
KikHEH 24
fERESE
RS
POREN
PHEE N
EF F-(EF-hand) R i
AlrEey s
G
W EA
GE]
sk A T
R
R G I
BRI
BURP 4543858 &
HETHE TS
JeEVEIAREEN
HAlsE A

—_
NN NN NN W W R A0 N 30

—_
=)}

%78 T LRLIN] BB — - H 3 [A

2.7 BRI H real-time PCRAHT

R T AL R A B — D R AR R R, X6~
ST R NE ) DR o P SR I S - S B
real-time PCRAMT. 253 &M, K ROCSHRLI4TE
el P A R B, TACLI, SRLIFINAL7
(Y FEIRPE T, WE7R Tk S L PR 0T BB 7E [A] — i %
PR B &R . L NRLLAE B A RUFN 58 48
it e, RSB EBMRAR, BOR T XA NGRS
LRLITCX(KIS).

3 g

3.1 e

B EK R R R SRR —, MR HER
BSOS X I B B T, AT A R B i A 4
Z I P I, e KA BEASRR R A EE A A, X KA
A HEREN. TKREEMN IR, Jaih
T 25 1] 3 D T T A R B ) A5 L LA K AR A
S — Mt e ML A SRR PR AL
; G AA R M R G, doA e A
(1, ARGEE /A AR R oy e m s A E

45
gg owT
mm 3:0 |/r1
ﬁzs
1&—.240
210
0.5
ol Cm T, ;
ACL1 NRL1 SRL1 NAL7 ROCS5 RL14

Bl 5 (WIZ8RSURS ()R B TR0 N AR A e BE PRITE £t IS A= 7
(WT)R F 11 real-time PCR 437
Figure 5 (Color online) Real-time PCR analysis of the reported genes

for rolled leaf related to bulliform cells changes in leaves of /r/] and wild
type (WT)
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Identification, gene mapping and candidate gene prediction of a
late-stage rolled leaf mutant Irll in rice (Oryza sativa L.)

ZHAO FangMing, WEI Xia, MA Ling, SANG XianChun, WANG Nan, ZHANG ChangWei,
LING YingHua & HE GuangHua

Rice Research Institute, Southwest University; Chongqing Key Laboratory of Application and Safety Control of Genetically Modified Crops,
Chongqing 400716, China

Leaf is the main photosynthetic organ of rice. Moderate rolling leaf could keep plants upright, increasing transmittance in the lower
leaf, then improving the light condition of population, which is important for high-yield breeding. Here, we obtained a late-stage
moderate-rolled leaf mutant /r/] in rice deriving from the restorer line JinhuilO (Oryza sativa L. ssp. indica) treated by ethylmethane
sulfonate (EMS). The leaves of /rl] were normal in early development stages. Then, the upper 3 leaves began rolling inward along the
vein after thirteen leaf age, and the rolling index increased with the plant development until the heading stage. The rolling index of flag
leaf, 2 and 3" leaf from the top in Irl] was 73.66%, 66.91% and 45.81% at maturity stage, respectively. Compared with the wild-type,
most of the important agronomic traits in /rl/ existed no significant difference, only 1000-grains weight (21.43 g) were significantly
less than that of the wild type. In mutant /7], the decreased number, strange shape, and irregular arrangement of bulliform cells made
the angles among small vascular bundles become smaller, which might cause the leaf rolling. Chlorophyll a and b, total chlorophyll
and carotenoid content were all significantly higher than that of wild type. However, the net photosynthetic rate, stomatal conductance,
transpiration rate in the [rl] existed no difference with those in wild type. By genetic analysis and gene mapping, the rolled leaf mutant
was found to be controlled by a single recessive nuclear gene. And the LRLI was mapped between SWU-1 and Ind6 on the
chromosome 9, physical distance is 812 kb. By candidate gene prediction in the area, there are 129 genes altogether. Through
sequencing, three genes possibly related to rolled leaf were found existing no difference between /r// and J10. Real-time PCR analysis
of 6 cloned rolled leaf gene related to bulliform cells changes showed that the expression quantity of ACLI, SRLI and NAL7 were
down-regulated significantly, that of ROC5 and RLI4 were up-regulated significantly, indicating that the LRL/ might be the same
passage for regulating leaf development with these genes. The LRLI is a new found gene. So these results will be important for further
cloning and functional analysis of the gene, especially have important utilization value in rice high-yield breeding because of most
advantageous traits to breeding in [r/] and its simple genetic behavior.

rice (Oryza sativa L.), rolled leaf, gene mapping, real-time PCR
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