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Heredity and fine mapping of a yellow leaf and less tillering
mutant ylIt10 in rice
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WU Yuejin®, TAO Liangzhi’, MA Bojun', CHEN Xifeng'", LIU Binmei*"
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Abstract: Rice (Oryza sativa L.) is a major food crop and increasing rice yield is the primary
objective of rice research. Photosynthesis and nitrogen utilization efficiency directly affect the tiller
number of rice, which affects the yield of rice. In this study, a stable yellow leaf and less tillering
rice mutant ylIt10 (yellow leaf and less tillering 10) was obtained by heavy-ion beam mutagenesis
of rice variety ‘Ke-fu-geng 7°. Compared with the wild type, yllt10 showed reduced chlorophyll
content, decreased photosynthesis rate, and abnormal chloroplast structure. The genetic analysis
indicated that the phenotype of ylIt10 was controlled by a single recessive nuclear gene. Map-based
cloning localized YLLT10 between two molecular markers J4 and J5 on chromosome 10. The
sequencing of candidate genes within this interval revealed that YLLT10 was an allelic mutation of
CAOYVPGL with a single base deletion in the first exon resulting in the frame shift mutation of
CAOL/PGL, and YLLT10 was a new allelic variation of CAOL/PGL. The mutant yllt10 was
insensitive to changes in nitrogen concentration when being incubated with different nitrogen
concentrations. YLLT10 controls leaf color and tiller number and affects photosynthesis and yield of
rice. The study of this gene provides a theoretical basis for molecular breeding of rice.

Keywords: rice mutant; leaf yellowing; less tillering; nitrogen response
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Table 1 Formula for calculating leaf pigment
content

Photosynthetic Calculation formula

pigment (mg/L)

Chlorophyll a
Chlorophyll b
Total chlorophyll

Chla:9.78XA6(,2*0.99XA644
Chlb=21.43%Ag44—4.65%Ass2
Total=5.13 XA662*20.44XA644

Carotenoid Car:4.70><A440—(1.38><A(,62+5.48><A<,44)
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Table 2 Primers sequences of molecular markers used in fine mapping of rice YLLT10 gene

Molecular Maker

Forward sequence (5'—3")

Reverse sequence (5'—3')

JSR20
JSR28
J1
12
I3
J4
J5
J6
I7
I8

GACATGCGAACAACGACATC
CATCGCATCGTATCGTATCG
TTGCTCCTGATTCTCGTGTG
GTGGGTGGATAACTCGCATC
CGCTTCAGTTGTGTGTGGTT
GGCAATAAACCAGCTTGCAT
GCTGGTATCCCGAGGAGATT
TAGGATTGCCGTTAGCGTGT
CATCGCATCGTATCGTATCG
CATTGTCAAAATTCGGATCG

CATGCGATCCTGTGCTAAAA
GCTTCAAACACGCCTTCTTC
ACTGCAATTCGCTTTCGTTT
GGATTAGTCAAGCCGAGCAG
GAGCGAAGCAGCTAAAAAGG
ATTGCCAAACTCCTGTGCTC
TTCATCAAATTGTCCAGCCA
CGATATTCAGCAGGCACTGA
GCTTCAAACACGCCTTCTTC
TGCTCTCTCTCCCTGCTTTC

3 JKFE YLLT10 £F PCR # #5145 51
Table 3 Primers sequences for PCR amplification of rice YLLT10 gene

Primer name

Forward sequence (5'—3")

Reverse sequence (5'—3")

YLLT10-1 GTTGGAGGACCGATCTGAAA TTGGCAACTAGGCTGTCCTT
YLLT10-2 TTGCTCATCAAGCCTTCCTT CCGACAGATGAACCTGGATT
YLLT10-3 CAGGACCTCCTCACCATCAT TTGTGGATGGCATTTTCTCA
YLLT10-4 GCATGCTTCCGCATTTATTT CCACAACCGATACCGGATAC
YLLT10-5 GCTGCTCTACCGGATGTCTC GGACCTGAATTGTGGCTCAT
YLLT10-6 ACACTAGCGACAGCATCACG GGCTTATGAAGCCAGGAACA

x4 RTHEDAFIEASIIFT

Table 4 Primers sequences for constructing the complementary vector

Primer name

Sequence (5'—3")

C-EcoRI-pYLLT10-F
C-Kpnl-pYLLT10-R
C-Kpnl-YLLT10-F
C-BamHI-YLLT10-R

CGGAATTCCGATTGGGCCTACTGGATGTTG
GGGGTACCCCGACGCCCTGAACCCTTATCT
GGGGTACCCCATGACCACTGTGGCATCGCT
CGGGATCCCCGCTATGATCCACTCTCACTTT

&: 010-64807509

B<: cjb@im.ac.cn



3476 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

MEKFBERKEEDNE

W ylIt10 ZEASARFT WT i FHAS ] 2006 2 1
IKFERE R FR 30 d )i, BUREIE KRR R K
[ I 2 5 a1 R N e
80 °CHET 5, Al 43 by VR 1 b 343 1
T E R AAAEREE 3 A EYEE R

2 EREM

2.1 YIItI0RTAMERK., DERD
WT St H B FoEE ), A5 T i@k
ST EEN/ Y Y10 AR A yIIt10 S8 AR (A DA BT
Hrta R g, —HANAWIE 1A-10),
H T RS YINI0 AR (R 5 WT Z [l iy i 22
S, X ItI0 ZE AR AT WT B4 IR EA T T %45,
RN Y10 FEAR AR BER S/ (GR 5),
WT FHA Y BESCH 16 4>, T yiltl0 S84y
SERE RN BERACE 4 4~ Fiit yilt10 A AR
WT BILESERE T yiltl0 SASARMSE 45 5250
46.70%, T WT [PFZE50% 0 84.30%. FFH.
yIIt10 FEAR A — R ASAEAL . — IR ER L ™
AT WT S AN RIRREE I FREGR 5).

A

1.10

| |

WT  ylitl0

B
C

WT Vilt10 CWT ylilo
1 FER5 yilt10 REFTFEITHARRELR
A TR MR R (bar=10 cm). B: MBI
F B (bar=1 cm). C.: g WA PR 7E H [A] (9 3% &Y
(bar=2 cm)
Figure 1 Phenotypic comparison of wild-type and
ylIt10 at different stages. A: Plant phenotype at
heading stage (bar=10 cm). B: Phenotype of leaves

at heading stage (bar=1 cm). C: Phenotypes of
seedlings in the field (bar=2 cm).
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x5 FEAE YN0 RTHNEERZHRS T
Table 5 Statistical analysis of main agronomic
traits of wild-type and ylIt10

Traits WT ylIt10

Plant height (cm) 102.66+1.05 102.74+1.49
Effective tiller number 16.00+0.97 4.00+0.71""
Panicle length (cm) 14.30+0.42 14.01+0.50
Number of primary 14.00£0.69  13.00£0.67"
branches

Number of secondary 23.00£0.87  21.00+1.34"

branches

Grain number per panicle  174.00+£10.00  168.00+8.00"

1 000-grain weight (g) 24.86+0.81 24.324+0.46
Seed-setting rate (%) 84.30+3.05  46.70+5.53"
Grain yield per plant (g)  24.03+1.40 8.41+0.85"

n=10; * represents P<0.05, ** represents P<0.01 level, t-test.
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PR P T IR R i i ek D, gk Ok A
X AR RUBH i 8 R (8] 2B—-2E).
2.3 ylIt10 RTEFMH /NG RETE

2R AR S5 14 GG 60 3 I8 A0 58
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Figure 2 Photosynthetic indexes of wild-type and ylIt10. A: Photosynthetic pigment content. B: Chloroplast
ultrastructure of wild-type (bar=0.5 pum). C: Local magnification of wild-type chloroplast ultrastructure

(bar=0.05 um). D: Chloroplast ultrastructure of yllt10 (bar=0.5 um). E: Local magnification of chloroplast
ultrastructure of yllt10 (bar=0.05 um). F: Net photosynthesis rate curves. O represents osmiophilic globule,

TM represents thylakoid membrane. ~ represents P<0.01, t-test.
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FR(bar=20 cm). B: ylIt10 RAFMKAGFR(bar=20 cm). C: ZPEERSLITZER. D REKSGIHT4E R E: b B4
T&E.F: iFHATE

Figure 3 Root length and dry weight of above-ground and underground part comparison of wild-type and
ylIt10 after treatment with different N concentrations. A: Wild-type plants (bar=20 cm). B: ylIt10 plants
(bar=20 cm). C: Tiller number. D: Root length. E: Dry weight of above-ground part. F: Dry weight of
underground part.

25 yiIt10 SR RA IR L SH4F TURLBRA . 1653 B T AL | 4N 9%
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G, B REHABDNEFE L. F AT HOBA 63 Bk, BFASI0 bR 1576 A5 BR A B
Fy ACBFAR B T AR B, BRI B O 301 (=0.86; x’<3.84 I}, P>0.05),
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Figure 5 Fine mapping genetic linkage map and candidate gene sequence analysis of YLLT10 gene. A:
Map-based cloning of the YLLT10 gene (n is the number of F, mutant singletons used for localization
analysis, and the number under the marker indicates the number of exchange events detected by the marker).

B: Sequencing results of the mutation site of the YLLT10 gene. C: Amino acid sequence comparison of the
YLLT10 protein.
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