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Studies on the correlations between variation in waxy gene sequences and starch components in
endosperm for glutinous-rice germplasm
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Abstract

To study waxy gene expression under glutinous background, to detect Wx® allele in glutinous
or japonica rice (Oryza sativa L.) varieties, to identify sequences related waxy gene expression, and
to evaluate genetic similarity among glutinous rices, the 5' upstream sequences of waxy alleles
among 144 rice germplasm, (including 118 waxy and 26 non-waxy), were analyzed. Because ten
germplasm classified as waxy-type by their appearance had higher amylose amount (>12%), there
was a little difference in judging waxy-type varieties between by checking grain appearance and
amylose content. The diverse nucleotides “G” and “T” respectively representing Wx® and Wi were
found in glutinous germplasm. The single nucleotide substitution could explain 42.6 % of amylose
content. Besides, we have found eight alleles of (CT) repeat in our study, and six of the eight alleles

have significant effects on amylose contents. The alleles (CT);;, (CT);7 and (CT);o contributed



34.5 %, 19.5 % and 18.7 % of total amylose variation, respectively. The finding of three glutinous
(C102, C105, and C124) and four (C010, C050, C093, and C100) japonica germplasm carrying a
W allele has refreshed the previous understanding that glutinous or japonica rice carry Wi allele
only. According to the sequence of waxy alleles, the gene tree of 144 germplasm was established.
The investigated varieties were separated predominantly by repeat numbers of (CT), amylose
content, and origins of germplasm. Similar results have been found in clustering based on ISSR
markers previously. From the GLM analysis results, 144th(G/T) and (CT) repeated alleles were
detected and other newly discovered factors including (AATT)ss, 390-C/T, 363-T/G, and 229-G/A.
have a significant attributions for amylose accumulation. (AATT)ss, 390-C/T, and 363-T/G could

explain 40.2 % of amylose variantion, and 229-G/A could contribute 54.9 %.
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Fig. 1. The distribution of amylose amount for different ecotypes of 144 rice germplasm.

Tabl e 1. Correlations among amylpese¢ i anmaunmtu ,n t
and relative amyl ose ratio

Amylose Starch ~ Amylopectin Relative
amount amount amount amylose ratio (%)
Starch amount 0.165"

(mg/ 100 mg grain)

Amylopectin amount

(mg/ 100 mg grain) -0.837 0.402



Wi

R 0996”0087 0876
Relative amylopectin = gg5 9087 0.876" -1.00"
ratio (%)
(2) Wx intron1  DNA
Wang et al. (1995) Wx 5
post-transcription intron
DNA ( 125bp exon  255bp  intron) 144 DNA
(repeat sequence) (deletion) 22
(substitution) DNA
144 “G” “T” Wi W (Tab 2)
63 41 25 W 15
15 Wi 12 )
( ) WA
Wx
PCR DNA
Wx (Primers Y  Int B)
DNA (deletion) (addition) (substitution)
100bp 1.7

A/T

380 bp

144

3

Table 2 List of 144th bp of single nucleotide changes and (CT) repeated numbers in 129 glutinous

and 15 non-glutinous germplasm

Code 144th (CT)n Code 144th (CT)n Code 144th (CT)n Code 144th (CT)n

C001 T 17 C037 T 17 CO073
€002 T 17 C038 T 17 CO074
C003 T 17 C039 T 17 C075
C004 T 18 C040 T 17 C076
C005 T 18 C041 G 11 C077

T

4 = 40

17
10
17
17
17

C109
C110
Cl111
Cl112
Cl113

T

T
T
T
T

16
16
17
17
17



C006 T 17 C042 T 17 C078 T 17 Cl14 T 17
C007 T 18 C043 T 17 C079 T 17 Cl115 T 17
C008 T 16 C044 T 17 C080 T 16 Cll6 T 18
C009 T 17 C045 T 18 CO081 T 18 Cl117 G 17
C010 G 10 C046 T 18 C082 T 17 CI118 T 16
Co11 T 17 C047 T 18 C083 T 17 CI119 T 17
Co012 T 17 C048 T 17 C084 T 18 CI120 T 17
Co13 T 17 C049 T 18 C085 T 17 CI121 T 17
Co14 T 17 C050 G 11 Co08 T 15 C122 T 17
Co15 T 17 CO051 T 17 C087 T 18 CI23 T 17
Co16 T 17 C052 T 17 C088 T 18 Cl24 G 19
Co17 T 17 C053 T 17 C089 T 17 CI125 T 16
Co18 T 17 C054 T 18 C090 T 18 Cl126 T 17
C019 T 17 CO55 T 17 C091 T 17 C127 T 17
C020 T 17 C056 T 17 C092 T 17 C128 T 17
C021 T 19 C057 T 17 C093 G 19 C129 T 17
C022 T 17 CO058 T 17 C09%4 T 17 CI130 T 17
C023 T 19 C059 T 17 C095 T 17 C131 T 17
C024 G 11 C060 G 11 C09% T 18 CI132 T 17
C025 T 17 Co61 T 17 C097 T 17 CI133 T 16
C026 T 19 C062 T 17 C098 T 17 Cl134 T 16
C027 T 17 C063 T 17 C099 T 17 CI135 T 15
C028 T 17 C064 T 17 C100 G 20 CI36 T 18
C029 T 17 C065 T 17 C101 G 11 C137 T 18
C030 T 18 C066 T 17 C102 G 19 CI138 T 18
C031 T 18 C067 T 17 C103 T 17 C139 T 18
C032 T 17 C068 T 17 Cl104 T 17 Cl140 T 17
C033 T 18 C069 T 17 C105 G 19 Cl41 T 18
C034 T 17 C070 T 17 Cl106 T 17 Cl142 T 18
C035 T 17 CO071 T 17 C107 T 17 Cl43 G 11
C036 T 17 C072 T 16 CI108 T 19 Cl44 G 11
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Table 3. The R square, F values, and P values resulted from general linear model tests in
amylose content for the 144th (G/T) and various numbers of (CT) repeated alleles
among 144 surveyed rice germpalsm

G--T  (CT)n CNn

CN=  (€CNs €Nz (€Tr (€T (€T (CNu (€T
R-square 0.4263 0.6452 0.0298 0.0034 0.0345 0.1954 0.0168 0.0046 0.3450 0.1870
F-value 105.52 3532 436 0.49 5.07 3448 2.43 0.67 74.80 32.67
P-value <0.0001<0.0001 0.039 0.486 0.026 <0.0001 0.012 0.415 <0.0001 <0.0001

GLM 144 G/T (Tab 3)
42.6% (CT) 64.5%
(CT)
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17 35% DNA
Tab 4

Table 4. GLM analysis of several SNPs and Indels which were found in first five principal

components among 144 examined rice germpalsm.

PC Markers df R-square  Fvalue P value
1 (AATT)ss6 1 0.4020 95.46 <0.0001
1 390-C/T 1 0.4020 95.46 <0.0001
1 363-T/G 1 0.4020 95.46 <0.0001
1 229-G/A/X 2 0.5485 85.66 <0.0001

23 43-T/G/C/A 3 0.0300 1.45 0.2322
2 42-C/A 1 0.0036 0.51 0.4751
2 41-A/C/G 2 0.0050 0.35 0.7045
2 33-C/T 1 0.0011 0.15 0.6958
2 31-G/T 1 0.0011 0.15 0.6958
2 29-A/T 1 0.0025 0.36 0.5527
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Fig 2. Dendrongram of cluster analysis using genetic diversity of waxy 5’ upstream UTR among

144 rice germplasm
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