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Phenotypic and Tissue Analysis and Gene Mapping of Rolled Leaf

Mutant RI76 in Rice
HE Hugiang, DENG Qiuyu, LUO Lihua, WANG Dan, LIU Jinling, XIAO Yinghui

(Agronomy College of Hunan Agricultural University, Changsha 410128, China)

Abstract: Leaves are the main organs for photosynthesis in rice (Oryza sativa L.), and leaf morphology is the primary factor
affecting the photosynthetic efficiency of rice plants. Continuously exploring genes that control leaf curling and revealing their genetic
mechanisms, could provide optional genetic resources for cultivating ideal rice varieties with moderately curled leaves. In this study,
the natural rolled leaf mutant rl76 was used as the material to carry out agronomic trait investigation, leaf cellulose, chlorophyll
content determination and tissue morphology observation, and the rice GSR40 K chip technology was used to locate the rl76 rolled
leaf gene. Phenotypic identification results indicated that there was no significant difference in the leaf rolling phenotype between the
mutant rl76 and the wild type at the seedling stage, both of which showed slightly rolled. From the tillering to maturity stage, the
leaves of rl76 were extremely rolled into shallot-like and erect, while the leaves of wild type were flat and slightly drooping.
Compared to the wild type, the leaf rolled index of rl76 increased significantly, plant height and effective tiller number decreased
significantly, and there was no significant difference in leaf width, flag leaf length and panicle length. The chlorophyll content was
significantly higher than that of the wild type, the carotenoid content was not significantly differently, nevertheless, the cellulose
content and lignin content were lower than those of the wild type. The leaf structure by paraffin sectioning was observed that the r176
mutant leaf cavity disappeared, the development of the thick-walled cells on the abaxial surface was defective, and the area and

number of vesicular cells decreased. Genetic analysis shows that the rolled leaf trait was consistent with the incomplete dominant

Ui HER: 2024-02-20

B—EHW T A TR S EAR, E-mail : 1409589858@qqg.com

BEMER: HEPE, TFRJ7 KRGS E A, E-mail : xiaoyh@hunau.edu.cn

HEHEWH: WikA =SSR RIBTE (2023NK2003)

Foundation projects: Key Research and Development Program Projects in Hunan Province (2023NK2003)



single gene inheritance pattern. By using rice GSR40K chip technology, the rl76 gene was preliminarily localized in the region of
12.179-16.436 Mb on chromosome 9. With the extreme 949 leaf-rolled plant in the F2 population, the rolled leaf gene was further fine
mapped on the chromosome segment of SSR markers T5904-7 and T5904-9 with a physical distance of 30.26 kb on chromosome 9.
This chromosome segment contains three annotation genes, among which LOC-0s09g23200 is a gene SLL1 that has been reported to
regulate rice leaf curling by regulating the development of leaf distal surface cells. Therefore it is speculated that the rolled leaf
phenotype of the mutant rI76 may be regulated by the SLL1 gene. In summary, the rolling leaf phenotype of the rl76 mutant was
resulted from the abnormal development of bulliform cells and abaxial thick-walled cells regulated by an incompletely dominant
single gene on chromosome 9.

Key words: rice; rolled leaves; mutant; genetic analysis; gene mapping
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Tablel Primers for fine mapping
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Primer Name Forward primer sequence (5'-3") Reverse primer sequence (5'-3")
1D09MO07292 TGGTAAAACGTGTGACAAAA ACTGATCATATGCCACCATT
ID09MO07771 GTAGGCTTGTGTGATAGCAA CTTTTACTGGATAACACCGC
1D09M08238 CATACATGAAAGCAACATGG CATACATGAAAGCAACATGG
1D09M08493 CAACAACAAGCACAACTACC GTTCCGTTGATGTTGAAGTC
1D09M08762 GGGGAAGAAGTAGTCGGA CATCAACTCCGACGAAAC
1D09M09856 GAGAGAGAGACAACCAGACG TGAGGAGGCTACAGGTGA
T5904-1 TGGATGAACTCCCATATCTCA AAGGGTGACAAAACAGACACA
T5904-7 GTTGTTCACGACTCATCCATC GAGACCAGTAACACCATCCAA
T5904-9 CGTCAGCCTACACATCATCTC CTTGAGATTGGTTTGCATCAT
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A EREFAERLL 176 MMRAOERTY: B: PBEANT AR ALY 176 MAKIORAL: C. BRI AR AL 176 M R AL, D-l: SRR AR 76 ETKZ
PR, *FRIRAE P<0.05 KF LAFERE 2R, **RIRME P<0.0L KF LAAAEREEZR: NH
A: Phenotype of wild type and rl76 at seedling stage; B: Phenotypes of wild type and rl76 at tillering stage; C: Phenotypes of leaves of wild type and rl76 at
tillering stage; D-I: Main agronomic traits of wild type and rl76 at maturity. * 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
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Fig. 1 Phenotypic identification of mutant plant
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Fig. 2 Lignocellulose and photosynthetic pigment content of WT and rolled leaf mutant rl76 leaves
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A: cross section of wild type leaves; B: Leaf cross section of rI76 mutant; C: Middle veins of wild type leaves; D: Leaf midrib of rI76 mutant; E: Large and small



vascular bundles in wild-type leaves were mostly released; F: The large and small vascular bundles of rl76 mutant leaves were mostly released; G: Number of
foam cells in wild type and rl76 mutant; H: Foam cell area of wild type and rl76 mutant. pc: parenchyma cells; ac: cavity; BC: bubble cells; SC: thick-walled
cells. Bar=1000 pm (A,B), 50 um (C,D), 100 pum (E,F)
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Fig. 3 Paraffin sections of WT and rolled leaf mutant rl76 leaves
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A-C: Adaxial epidermis of matured leaves in wild type; D-F: Adaxial epidermis of rl76 at mature stage; G-I: Abaxial epidermis of matured leaves in wild type;



J-L: Abaxial epidermis of rl76 at mature stage. br: bristles; Im: large mastoid; sm: small mastoid; st: stomata; S: Silicification-bolt cell column; sc: silicon cells;
pc: plugged cell. Each column from left to right is enlarged by 100 times, 500 times and 2000 times, respectively; Bar=100 pm(A,D,GJ),50 um(B,E,H,K),10
um(C,F,1.L)
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Fig. 4 Electron microscopy scanning of WT and rolled leaf mutant rl76 leaves
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Fig. 5 Genotype analysis of parents and two extreme mixing pools

2.4.3 EFEREMEN

KR AEW 58 7 DX TA] A (5 > 22 2851 indel #7ic 1D09MO07292 Fi1 IDOIMO9856 3 i) %5 5 1 /> it T2 YU 1Y) 4%
FRR, IO T HIEAL X AR e . R P AR IY) 949 MRAG I BRRR AR S AT REAN AL, B AN A I R
r176 & A7 7EP 1> SSR Frid T5904-7 Al T5904-9 2 [a], #JEEFE 254 30.26 kb (] 6) . ifid http://rice.uga.edu/
cgi-bin/gbrowse/rice W3 R AEARE A e A7 X RN & A 3 AMERZER, 4058 LOC_0s09923180. LOC_0Os09g
23190. LOC_0s09g23200, H:H' LOC_0s09923200 &> T A0 A ik 1 =15 - A 322 S T 41 B & & SR % K Fig
P 25 R SR R SLLL o CHE I A I 97844 r176 45 3R B SLLL B RITE R AE1EF -



HR R TR, #5 3K 77 T AR IR Y IE S
Arrows represent predicted genes, direction of the arrow represents the positive and negative direction of the genes

6 HEMEF rl76 FURELEESNL
Fig. 6 Fine mapping of rolled leaf gene rl76
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