FYE IR 2024, 25 (11): 1934-1944
Journal of Plant Genetic Resources DOI: 10.13430/j.cnki.jpgr.20240220001

IKFEAE ALK 176 R ARRIE 55 Hr Be HE R e for

TR, AR M, Fme, £ JF, 3R, § LHHF
(BRI KA B , et 410128)

WE: vt i 2 KRG (Oryza sativa L) BATHRAAE R 69 L LB E T H B ERZ P KBRS R0 E 2R 4, FBT424E
FEH TR A AR TR AR, TARF A EEA MG RARB RERARBEEAR TR, AFRALETEL
F76 AL, PR T REMKRIAE vt Za vt X0 Brtiid RAT M X HEL FHEFRPARETLETNERART S
M, It A RAS GSRAOK % i AR 3t Bt R F AT R A5, ARE T RIL, A BEBF 46, RERI76 5 F AR A, vh R AE A
BB RELA T, vt R A IS B E I kS Ao A M M R F AR, oH 5 Sl KA R KA R EF . R EARAT6T 2
FoEREGTHAAL ANY M ELZANEEF HEZTLERAR TG IHKTHARY., G IMAEMI T, A76RE
ot B BRI kG b TR S0 R E BT BORIR @ AR AR AN OB, Y . AR AT R SR A R A B R L A i
HLAE ; K K AG GSRAOK % i B AR 1176 I B A0 F TAZAE 5 9 4 &4k £ 12.179~16.436 Mb 84 R B ; 3t — F A B F, B4k ¥ 49 949
M E et AR AT A A e A R AL 5 9 4 4K £ SSR ARIT T5904-7 = T5904-9 #3235 5 4 30.26 kb 89 §£ &K X
B EZEERRANASHINMEBELR, L F LOC 0509223200 7 C3818 32 4] KAG T K v 49 SR B SLLI, B Sl r176 # %
vt R AR A SLLI AR LR, 2 BTk, REAR 17609 vt AR 2 WO T L &K Lo — AR 24 B K Rt A
FE 0K 0 e B GR y  JRBE m L6 KR T B

KEEE  RAG Bt REAR AR ST AR R

Histomorphological Analysis and Gene Mapping of the Rolled
Leaf Mutant r/76 in Rice
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(Agronomy College of Hunan Agricultural University, Changsha 410128)

Abstract: Leaves are the main organs for photosynthesis in rice (Oryza sativa L.) , and leaf morphology
affects the photosynthetic efficiency of rice plants. Identification of genes that control leaf curling and revealing
their genetic mechanisms, could provide genetic resources for optimizing the architecture of rice varieties with
moderately curled leaves. In this study, the spontaneous rolled leaf mutant /76 was measured on their agronomic
traits, content of leaf cellulose and chlorophyll, histomorphological observation was carried out as well. In
addition, the rice GSR40K chip was applied to map the mutant gene r/76. At the seedling stage, there was no
significant difference between the mutant 7/76 and the wild type on their leaf rolling severity, both of which
showed slightly rolled leaves; through the tillering to the maturity stages, the leaves of 7/76 severely rolled into
shallot-like shape and erect, while the leaves of wild type were flat and slightly drooping. Comparing with wild
type, the leaf rolling index of 7/76 increased significantly, while the plant height and effective tiller number
decreased significantly, there was no significant difference on leaf width, flag leaf length and panicle length.
The chlorophyll content in leaves of 7/76 was significantly higher than that of the wild type, the carotenoid
content did not significantly vary; nevertheless, the content of cellulose and lignin were lower in #/76 than those
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in the wild type. The leaf histomophology was observed by paraffin sectioning, in the leaves of /76 mutant, the
two air cavities disappeared, the development of the sclerenchymatous cells on the abaxial surface was
defective, and the area and number of the bulliform cells decreased. Genetic analysis showed that the rolled leaf
was determined by a single gene inheritance pattern with incomplete dominant. By use of the rice GSR40K chip,
the mutant gene #/76 was preliminarily mapped within the region of 12.179-16.436 Mb on chromosome 9. With
949 plants showing severely rolled leaf in an F, population, the gene r/76 was further fine mapped within the
chromosomal segment delimiting by the SSR markers T5904-7 and T5904-9, corresponding to a physical
distance of 30.26 Kb. It contains three annotation genes within this chromosomal segment, among which the
gene LOC 0s09g23200 encoding SHALLOT-LIKE 1 (SLLI) has been reported, it determines leaf curling by
regulating the development of leaf distal surface cells. Therefore it is speculated that the rolled leaf in the mutant
rl76 may be regulated by the gene SLLI. In summary, the rolling leaf in the r/76 mutant was resulted from
abnormal development of the bulliform cells and abaxial sclerenchymatous cells that were regulated by a single

incompletely dominant gene on chromosome 9.

Key words: rice;rolled leaves ; mutant; genetic analysis ; gene mapping

MR KRR AR 0 F 2R, i RK
FERIRENT FIEZS B S MO ORI 56 &
YRR T sk R B s Y M iE
AT A TV 5 SRR R R R SS M , BEE
BRCRA . WK AN L R/ JBES oA R
R R R EOKFM B R R — K]
THOCT AR 2 L% 5 B R/ IN 3 25 S 35
MG RZ A B A RN R RE
201 i R 4 A5 R 200 ) At P S ECE TE
UK AE 25 - 98 25 OSPM 11 35 ) 55t R 2 TR 4
IfL 1 7 F AR T S HES TC R 5 25 2 0 S AR A4 el 3
T 14 L R S Pz B T P2 200 L 1) 4 7 e
Zhang 58N M R T JEERE AN I & B G i
LIk, B R RENE . KRG wil AR
I R L i 2 2 o AT o S 1 A 3 B A
I P40 DA R AR 2 S R B TS, Guo
SENOVL IR AR cld 1 M R il i TR R i i
Z R ARKRE T RRAK oK™, B
LN N rld AR I A R RS SRR T R R
I PR 200 6 T R R Rtk A T 35

HARr IR E 7 76 /KRG E AR, 78 12
AUk FIA A, Hoh 2 Hus L RS F e bR
6 M A B E LR i 1~r161 o KRR
— ¥ ph B R, HLR 2 80k L R et A
R BRI B AR R 5O S8 A /R E S . A
SE4 AR B W ERLIV AT SRL21S AR5 4Btk
WAL BN P18 FN 1T AT AR AE A PR 22 3
Pl , 2t A AT & BURINE 22 DH (A H (1
BRI 2 X B AN R R . E e BRI KA

WL R SLLI AT 95 G B 4R 11 13.758~13.765 Mb
X3RN . SLLI %it%—4~ SHAQKYF 2 MYB ##% 5%
K ¥, J& T KANADI Z %3 [N, t iy 44 A AH2
OsKANADII . SLL1 38 3 J8 45 K R i b A v J2 e
LI T SRR R R IEAR . SLLT 2878
SRS IMADEAEFR . A, SLLL A
Z 5 KRR N ISR A R

C A 5T R I K RS G R i st A L3+ 43
S22, DI AZ SR R4 K A it 4 il ) BE DR 4 /s L
WAL LI, A5 S 3 A 25 A R Y 1 3 A R 7K e
MR REE . ASBTE LUK R I 228 1K vl 76 ittt
PN ILHEA 7RI Je A2 BT, A T st A% 43 B Fl
FERE AL, R KRG I SE R B 9% 1 8 s 44t
2%,

1 #MRERIZE

1.1 iK5esret

FERN UK FRRBOAZ AN & R48 9S 58 HUKAE &
Pl LAC23 24581 BC,F AR ZBL T —Hk B SR 584
(KB i 44 N rolled leaf 76 (r176) o %GS5
H 285 T 80 BC,F, LG AR B ¥ R BN B3
R, 2021 AEAEN TR DTV B JL K B 3= ol
M A AT BR S T R 7 Rt 00 e, Rl 2%
AR #1776 SR BEAR S RERS Sl H AR I 43S A 1) F, B
R (3L40514%),4 A 15 HEEFl, Btk 25 d 24 R84k
BE7GRAE 1 ARRRT , BRATHE R 20 cm>20 cm, FH [R]4%
B[R] b H R R H A
1.2 KZHRAE

B 58 8 AR K 176 55 BF A= B (WT, %z 9S/



1936 Mo ow fE

O ¥ iR 25 4

LAC23 BC,F HEA 1 i FrAE AR ) I g 22 280
B WT 176 . H A FF, (KK =7 AT 80050 BE
BB R BERCNZE 52 SR LA 4 BE) iR (A0
TR, R R BEALEER S AR
Ar, B St e B B AL B 20 R EA TR A
A WT 7176 . H ARG A F, @1 81058
FIH Fr 35 i 45 % (LRI, leaf rolling index) , - A &
B 5 MRS SRR AR AR I 12, AR 3 R i, B
SERE IR, A e TR A U LRI
(% )=(Lw-Ln)/Lw x100%, ¥ Lw &M H J& FF )5
M DL, Ln et i i fe seab Y e > . BFAR
AU R HIGESEA T, DL H AR B A i 58 AR 1A%
A ol ) B B RR AT F, BRI SS Bkk 8 38
Y A 78 (OF JRe ) | 58 A8 PR 7Y (A i 45 ) A 2 5 7Y
CEE) .
1.3 £EZNE

TE BRI B —F 1176 5 WT 814 b4
RE, S FESL A 3 YR AT BRI 7L 2 g 2 K a
(Chla) M4 Z b(Chlb) | B4 (Cht) FIZEEAE K
K (Car) (1 75 1t ; i 1R Ik I 2 27 4k 2 (E460) |
LY Z (HC) MR IR & i (HL) 5 5t R SCR A
D ARAT PR 2w RS
1.4 HRZSH

AU R« BEALEE USRI 76 5 WT &1 i rh
BOAMEE, LLFAA [ W (70% 190 mL+PKRE R
5 mL+38% M 5 mL) [8 2 J , 8 Mk B2 430 R 50%
70% . 80% . 90% . 100% 1) £, BE fii 7K , IR 48 3+ 1
(Vs Voogye) 101, 1:3F1100% — H 2R 3% B AL B,

®1 BEEMETASM

Tablel Primers for fine mapping

PR A YR RS FS  BC8~10 um (Y] J LA
1.25% W FR T i AT e 45, , 1 i i D627 2 g
(FEBR KV A T AR

AR PEBUR AR AP0 7176 5 WT I J, 1)
B 5 mmx5 mm PP, DL 2.5% I8 TV ik
FrI8TE , 178 e B AUCR H 309%0~100% (10%
WP IRIIR ) 1Y S BERG K, FELL 10 1 LB BRI A
AEPE,100% CBEEATE e, RG22 T8 0T
4 4b # 5 F Hitachi TM-1000 4148 f 1  fBi ( H
L KD ) WA R R AL AR
1.5 BEfESESEREENM

DA 95 14 1 76 SRR AL I H ARG 2258 1Y F
AR I e SR B AL 5 A R B AR R . R
K K 3 A F, AR b & R AL 43 5 LU R A S
PRI AL B, PEH 176 875K | HASHE F,BEA R
20 RN A SRR 20 RN i P SR i R A I
P CTAB LR B F &l DNA K 20 B F J& i g
(1 DNA S5 TR A5 BUHF AE 1, 20 B4 I BRR 1 DNA
FRIRA MR AS M . B SR IEARHE A 5T
B A7 PR Al B AL 7 7K AR 40K S PRES o A 4 R
(AR B DL OB SR IR AR T B A7 R
HE M) 58 5 58 A8 B B W) E 7 . M Gramene
(http : //www.gramene.org/) FRBCREFT 5t Ffr H ASHE 1
Rl A &0 Fh 9311 H br X (8] 1 5E K 21 )7 41, JF 38 2o
NCBI J¥ 41| UL Fi¢ £ 4% 2 (https : //www. ncbi. nlm. nih.
gov/) L X, f# ] DANSTAR #1 SnapGene Viewer i
THF A8 1) DNA 23 Fhric B [kt ks a6, 5|
YA 1,

G/ B2 S Em G4 (5-37) S 519741 (50 37)
Primer name Forward primer sequence (5'-3") Reverse primer sequence (5'-3")
ID09M07292 TGGTAAAACGTGTGACAAAA ACTGATCATATGCCACCATT
IDO9MO07771 GTAGGCTTGTGTGATAGCAA CTTTTACTGGATAACACCGC
ID09M08238 CATACATGAAAGCAACATGG CATACATGAAAGCAACATGG
ID09M 08493 CAACAACAAGCACAACTACC GTTCCGTTGATGTTGAAGTC
ID09MO08762 GGGGAAGAAGTAGTCGGA CATCAACTCCGACGAAAC
ID09M09856 GAGAGAGAGACAACCAGACG TGAGGAGGCTACAGGTGA
T5904-1 TGGATGAACTCCCATATCTCA AAGGGTGACAAAACAGACACA
T5904-7 GTTGTTCACGACTCATCCATC GAGACCAGTAACACCATCCAA
T5904-9 CGTCAGCCTACACATCATCTC CTTGAGATTGGTTTGCATCAT

PCR 4" # R F 10 pL /2 Jj {& 7 : DNA 1 4
1 uL . IER 59145 0.4 uL 2xTaq Plus Master Mix 11
(WA A TAY TRERKRGARAF)S uL.
ddH,0 3.2 uL. JZW AT ;95 CHiAE: 5 ming 95 °C

AP 155,58 CIB K 20,72 CH 1430 s,30 MG
FR; 72 CHEAH 5 min, 16 CA-¥E 10 min, PCR =4
25 8% “|\F 75 1 2R DA Tt e BB S FELTK , 0.2% [ S PR R
Pefd 5,100 mL 1.5% A ALEH+1 mL PP I 0 ¢



114

] L5 5 - KRS SR AE AR 1176 (13 RUFN 1 2153 Mr B FE R 52 7

1937

EE O
2 HBR5SMH

2.1 REMRERBLTE

FEI, 2EAR R 76 AL S WA RITCH] B 22 5%
R R (K 1A) . WOBERITIG, rl76 1
AR 3 P R Z0IR LT ST T R A R R B R
& BB TIEE(E 1B.C) o TEMBUY, AT rl76 %
AR AR A R e 2Ptk BB 76 287 AR S AR
TUA HE 58 JoH 222 5 (1 1D) , 36 il 48 5ok i
FROM (EE) 57176 58 78 PR 19 B =5 1) 8 35 B AR
(L 1F) A 805 BEEU R 20 (1 1G) |, S i
K5 B A R R G S 22 5 (B TH LD .

D 15 E 1.0
08 |
—~ ,\5
vgﬁ 1.0 §.§)0.6-
o g B £
"]« ™S 04
[+ =
L8 05F T
x g
02 |
0.0 0.0
WT 176
G 25 H 50 T
5 40
&= E =3
&E 5%30
R = =
B < ﬁﬁ 20
Tz &
3 2 T
& 10
0

WT

rl76

WT

WT

2.2 AIBfEERSR

BB 176 58728 A LY AR R TR H Ay
BEMATE U5 76 W Fr 2 B0 BH S B RS, DR A U
T ARG SE A AR (4R a 4R b K
NER) SRR (SFHR PR MATTR)
T, ARRM, SEP AR BRISIE PR

o

TG R 22 A, 176 T S 3R a 4 3 b LR
SRR BER TR ERI (K 2) B AR RILT YR
LIAERFARTTR 5519110 166.81 mg/g. 155.96 mg/g
F16.99 mg/g, rl76 #5415 5t 73 51 h 147.59 meg/g.
203.99 mg/g f15.72 mg/g (1 2) , LF e MR K %
EEURTE AR, W ar 4e R S B B 2w T
IR

WT rl76

-

80 -

ke

40 -

Plant height

Rk E (em)

20

rl76 WT rl76

—

o]

W
1

Panicle length

K (cm)

rl76

A R T 176 RERRAY Y s B 4 BEIIHE A B 55 176 REBR A IS ; C ) BEIIEF A B0 ri76 W 1y BRI s D1 A AR 15 1176 B4R
MR *FIRTE P<0.05 K EAFE R 225 s **¥0RE P<O.01 KF EAFER B 225 T IR

A': Phenotype of wild type and r/76 at seedling stage; B: Phenotypes of wild type and r/76 at tillering stage; C: Phenotypes of leaves of wild type

WT

rl76

and 7176 at tillering stage; D-I: Main agronomic traits of wild type and r/76 at mature stage. * indicating that there was a significant difference at the

P <0.05 level ;**indicating that there was a extremely significant difference at the P < 0.01 level ; The same as below

E1

REGHRDLETE

Fig. 1 Phenotypic identification of mutant plant
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Fig. 4 Electron microscopy scanning of WT and rolled leaf mutant r/76 leaves
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