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Abstract: As a major component of rice grain shape, the grain width is an important trait which is correlated with the
rice yield and quality. Based on the alignment of gene GS5 genomic DNA sequence, two functional markers were
developed based on two missense polymorphisms ( ACC/CTA in the exon2, A/C in the exon9, respectively).
Subsequently. the markers were used to identify the genotypes of gene GS5 in the 294 accessions of a rice mini-core
collection and 65 japonica varieties released in Jiangsu Province from 2007 to 2013. We found that the allelic variations
at the two target loci had significant or extremely significant differences in the grain shape traits(grain length, grain
width and ratio of length to width). Based on the two variation sites of gene GS5 , four haplotypes (combinations) were
found in the rice mini-core collection, and had extremely significant effect on grain width, grain thickness and ratio of
length to width in the indica group, and on grain width and ratio of length to width in the japonica group,
respectively. While in japonica varieties released by Jiangsu, only two haplotypes, Hapl (represented by 64 varieties)
and Hap2 (represented by one variety) were found. The results will lay a foundation for the application of the useful al-
lelic variations or haplotypes of gene GS5 to the rice yield and quality breeding program.
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Table 1. PCR primers based on the GS5 DNA sequence variations of exon 2 and exon 9.
Fric 4 Fr Region of E- sk k7]l Fric el
Marker sequence Genotype Primer sequence Marker type
variation”
GS5-1 Exon 2(817 bp) ACC/CTA F:GCAAGACAAGGAGCAGCACTA CAPS-Dde |
R:AGAAGCCGACCCCAACAG
GS5-2 Exon 9(3796 bp) A/C F.CAGTTCTCGGTACTGCGTCGA dCAPS-Sal 1
R:CACAAACCTCCCAGCAACC
“LLGS5 sk R 4LF 5 IN256058 1 ST,
“Genomic DNA sequence(JN256058) of gene GS5 as a reference.
®x2 GS5S AAZRMAMIFRRRIERRE M
Table 2. Grain-related traits and their -tests of different alleles in gene GS5.
GS5-1 GS5-2
21 WAR PR WAR THEE
Trait R Sample R iR A TR Sample Fn iR
Genotype t value Genotype t value
number Mean®+ SE number Mean®+ SE
i Grain length/mm ACC 170 8.034+0.08 2.98"" A 210 8.0940.07 2.337
CTA 124 8.34+0.07 C 83 8.3340.08
W% Grain width/mm ACC 170 3.05+0.03  2.21° A 210 3.04£0.03  2.01°
CTA 124 2.9740.02 C 83 2.96+0.03
i) Grain thickness/mm ACC 170 2.13£0.01  1.03 A 210 2.13£0.01  1.68
CTA 124 2.11+£0.01 C 83 2.10£0.01
K 5& e Ratio of length to width ACC 170 2.704+0.05  2.29" A 210 2.72+0.04 2.04"
CTA 124 2.84+0.04 C 83 2.85+0.05
TRLE 1000-grain weight/g ACC 170 24.7140.31  0.26 A 210 24.7440.28 0.04
CTA 124 24.8240.30 C 83 24.7540.33
AT AR BIEARAE 0.05 KA 0.01 K 225 W
“and” " mean significant difference at the 0.05 and 0.01 levels, respectively.
RIS S A . TR A DR AT LI GS5 1
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=
E#o
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i BRI PE N VI Dde | BV IS . B 9 VI K 196 bp
S I K R RO 97, AL B CTA A 1-
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H A IR ACCA 1-A B93KGE 3D,

XFF GS5 % 9 Ab T 3796 bp AEKY A/C R
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Table 3. Analysis of variances (ANOVA) of different haplotypes in gene GS5.

HFRL P R 5 AR S ok U HIE R indica B Fh japonica
Grain trait and A Ty A F i -y F ffi
source of variation df Mean square F value df Mean square F value
ki Grain length
HAEHIA] Among haplotypes 3 0.929 1.272 3 2.482 3.493"
B RSP Within haplotypes 154 0.730 132 0.711
#i % Grain width
Hf%E A Among haplotypes 3 0.568 6.131" " 3 0.377 3.940°"
FfERI N Within haplotypes 154 0.093 132 0.096
FiJE Grain thickness
PLf L] Among haplotypes 3 0.129 7.354"" 3 0.038 1.305
B AP Within haplotypes 154 0.018 132 0.029
K58 It Ratio of length to width
B E] Among haplotypes 3 1.424 5.145"° 3 0.973 5.141°°
PARE AP Within haplotypes 154 0.277 132 0.189
T-HiEE 1000-grain weight
{5 A E] Among haplotypes 3 31.593 2.470 3 1.165 0.279
PAE R Within haplotypes 154 12.788 132 14.953
"R IRAE 0.05 KA 0.01 K- B2,
and” " mean significant difference at the 0.05 and 0.01 levels, respectively.
x4 GSS AEEGERMABREERHNEREZESWF
Table 4. Analysis of the difference of grain-related traits based on different haplotypes in gene GS5.
oy _ o %f/ﬁK ‘fF\'/ﬁfrE‘ *([J% Atﬁirvf 4 ?*f/ﬁil
GS5-1 GS5-2 Grain length Grain width Grain Ratio of length ~ 1000-grain
Haplotype Number
/mm /mm thickness/mm to width weight/g
HOEFf indica
Hapl ACC A 57 8.61+0.14 2.7440.04 b 2.0040.02 b 3.20%0.08 a 23.0740.52
Hap?2 ACC C 8 8.1340.23 3.01+0.11a  2.10£0.03 ab 2.75+0.18 b 23.60+0.41
Hap3 CTA A 34 8.3640.13 2.9940.05a  2.13+0.02a  2.8440.08b  24.76+0.67
Hap4 CTA C 59 8.38+0.10 2.93+0.04 a 2.09+0.01 a 2.89+0.06 b 24.65+0.41
MM japonica
Hapl ACC A 102 7.70£0.08 b 3.2340.03a  2.2040.02 2.41£0.04 b 25.68£0.40
Hap?2 ACC C 3 8.2840.51a  3.034+0.27 b  2.1540.08 2.774+0.28 a 25.51+2.22
Hap3 CTA A 18 8.19+0.22 a 3.01+0.04 b 2.12+0.03 2.73+0.09 a 24.8040.85
Hapi CTA C 13 8.2840.18a  3.03£0.09 b  2.14+£0.03 2.77£0.14 a 25.76+0.76

FEFORF R S M bR B 20 S P B B bR . MR R B[] /NS 5 R 3R 2 5 R i B 2K Gl /D I 25 22 80

All data about grain-related traits were given as mean=® SE. Values followed by common lowercase letters are not significantry different by

least significant difference(LLSD) test.
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A, PCR amplification products and their corresponding Dde I -

digested ones of primer GS5-1; B, PCR amplification products and

their corresponding Sal/ [ -digested ones of primer GS5-2. M,

DL2000 DNA Marker(TaKaRa). Lanes 1 and 3., Nipponbare; Lanes

2 and 4, Zhenshan 97.
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Fig. 1. PCR identification and enzyme-digested characterization of spe-

cific primers GS5-1(A) and GS5-2(B) for gene GS5 in rice.
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