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Physicochemical properties and sequence analysis of Wx and OsSSIla genes in
japonica rice cultivars from Jiangsu province and northeast of China
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Abstract: According to geographic origin and amylose content, 87 investigated japonica rice cultivars were divided into three
types: Jiangsu common japonica rice, Northeast japonica rice and Jiangsu semi-waxy japonica rice. In order to explore the eating
quality characteristics of the three types of japonica rice and their molecular basis, the physicochemical properties and the se-
quence of major genes Wx and OsSSIla for starch synthesis were analyzed. Compared with Northeast japonica rice, Jiangsu
common japonica rice had lower amylose content, higher protein content and gelatinization temperature, and similar gel consis-
tency and RVA profiles. Compared with Northeast japonica rice and Jiangsu common japonica rice, Jiangsu semi-waxy japonica
rice contained the lowest amylose content, the highest gel consistency and unique RVA profile. Variation coefficients of all char-
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acters except for setback value were small in three types of rice varieties, indicating that there was a great range of retrogradation
within all the cultivars. The correlation coefficients among traits were different among three types of japonica rice, which indi-
cated that the correlations were affected by the ecological conditions of different regions and properties of varieties. By cluster
analysis, 87 japonica rice varieties (lines) were divided into four groups. Jiangsu common and Northeast japonica rice varieties
(lines) were intersected in group I and group II. Group III was composed of two lines of Jiangsu common japonica rice and one
semi-waxy variety (Xudao 9), and the most of their character values were ranged between those common japonica rice and
semi-waxy japonica rice. The Jiangsu semi-waxy rice varieties (lines) with unique physicochemical characteristics were clustered
into group IV. By sequence analysis, there was no difference in Wx” gene between Jiangsu common japonica rice and Northeast

Japonica tice, but in Jiangsu semi-waxy japonica rice G/A substitution occurred in Exon 4 of Wx®, which is the Wx™ allele. The

higher gelatinization temperature in some of Jiangsu japonica rice varieties (lines) was controlled by the allele of OsSSIla

(G-GO).

Keywords: japonica rice; eating quality; low amylose content; Wx; OsSSIla
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Table 1 The information of materials used in this study

Type Number

Variety name

34
Jiangsu common

Jjaponica rice

32
Northeast japonica

rice

21
Jiangsu semi-waxy

Jjaponica rice

5020 5051 5 3012 32 3 16 212
301 16 24
Wuyun 5020, Wuyun 5051, Huaidao 5, Yangjing 3012, Wuyunjing 32, Wuyujing 3, Sidao 16, Sidao 212,
Sidao 301, Lianjing 16, 24 breeding lines of common japonica rice bred by the Institute of Food Crops,

Jiangsu Academy of Agricultural Sciences

2 16 22 34 2 1 16 18 25
28 113 302 303 306 511 512 526 528
803 809 81 83 88 6 9903 19 20 1
1 337 399 11

Daohuaxiang 2, Longyang 16, Songjing 22, Songjing 34, Songxiang 2, Wuyoudao 1, Longdao 16, Long-
dao 18, Longdao 25, Longdao 28, Jijing 113, Jijing 302, Jijing 303, Jijing 306, Jijing 511, Jijing 512, Ji-
jing 526, Jijing 528, Jijing 803, Jijing 809, Jijing 81, Jijing 83, Jijing 88, Jinongyin 6, Shennong 9903,
Changbai 19, Changbai 20, Changjing 1, Changyin 1, Liaojing 337, Liaojing 399, Tiejing 11

9 8 100 46 5055 9108 2728 505
3908 5718 58 9
Xudao9, Ningjing 8, Suxiangjing 100, Nanjing 46, Nanjing 5055, Nanjing 9108, Nanjing 2728, Nanjing
505, Nanjing 3908, Nanjing 5718, Nanjing 58, Nanjing jinggu, 9 breeding lines of semi-waxy japonica
rice bred by the Institute of Food Crops, Jiangsu Academy of Agricultural Sciences
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Table 2 Sequence information of primers used in this study

Primer Primer sequence (5'-3") Fragment length (bp)
Wx-seql F: GTGCCACCGTCGCAGGAGAAGAGATGT 1753
R: GGGGTGGTGGTGTGGGTGGCTATTTGT
Wx-seq2 F: GGCTTCACGCAACGGCGCTACAAATAG 1812
R: CCATTCGCCTGCAAAGAACACAAGAAC
Wx-seq3 F: TCGTCGCTGACCGTCGTCGTCTTCAAC 2327
R: CGCAAGCACAGGGCTGGAGAAATCAAC
Wx-seq4 F: ACGGAACGGTATACAATTTCCATCTAT 1096
R: ACATAAATTCAGGGTCCGATAAGATAC
OsSSlla-seql F: CGCGCACACACTCAAACCC 1573
R: ATCTAACAGCTGGAGTAGCCTT
OsSSIla-seq2 F: CAGGCCCATACAATTAGGGAT 1426
R: TGTCCCTGCTCAATAATTACCAT
OsSSlla-seq3 F: AGTTCAGCAATTTCTCCGTTT 1614
R: TCACATCCATTCAGACACGAG
Wx-mp-O F: ATGTTGTGTTCTTGTGTTCTTTGCAGGC 439/292/200
R: GTAGATCTTCTCACCGGTCTTTCCCCAA
Wx-mp-I F: GGGTGAGGTTTTTCCATTGCTACAATCG
R: GTCGATGAACACACGGTCGACTCAAT

R3 3IMABFETERRBUMEKLR

Table 3 Comparison of physicochemical properties in three types of japonica rice cultivars

Jiangsu common japonica rice Northeast japonica rice Jiangsu semi-waxy japonica rice
Trait
Mean Min. Max. CV (%) Mean Min. Max. CV (%) Mean Min. Max. CV (%)
AC (%) 16.5b 14.2 18.9 7.8 19.0a 14.8 22.6 9.4 92¢ 7.5 11.0 10.3
PC (%) 9.0a 7.2 11.4 10.7 85D 6.4 10.9 12.8 92a 7.1 10.6 9.5
GC (mm) 68.8b 52.0 85.0 14.4 69.4b 58.5 86.5 10.2 842 a 76.5 98.5 7.2
GT ('C) 73.4a 68.9 80.0 3.5 70.7 b 67.3 74.5 2.2 732 a 69.6 80.7 3.8
PV (cP) 2462.0 a 1973.0 2944.0 10.5 2441.5a 1796.0  2946.0 9.5 2502.8a 1705.0  2953.0 15.0

TV (cP) 1560.4 a 1210.0 1950.0 133 1586.1a  1110.0 2104.0 15.6 1261.8 b 763.0 1765.0 22.4
FV (cP) 2602.4a  2135.0 3017.0 8.7 26349a 2015.0 3243.0 10.6 1823.0b 1229.0  2461.0 18.3
BDV (cP) 901.6b 586.0 1284.0 18.4 855.4b 479.0 1222.0 22.0 1241.0 a 942.0  1683.0 16.5
SBV (cP) 140.4a -193.0 456.0 105.9 193.4a -212.0 471.0 86.5 —-679.9b -1269.0 -334.0 36.5

Pet (min) 6.4a 6.1 6.7 2.6 6.5a 6.1 6.9 34 59b 5.2 6.3 5.1
AC: ; PC: ; GC: ; GT: ; PV: ; TV: ; FV: ; BDV: ; SBV:
; Pet: 0.05

AC: amylose content; PC: protein content; GC: gel consistency; GT: gelatinization temperature; PV: peak viscosity; TV: though viscosity; FV:
final viscosity; BDV: Breakdown viscosity; SBV: setback viscosity; Pet: peak time. Means within a column followed by different letters are
significantly different at P = 0.05.
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Table 4 Correlation coefficients of physicochemical characters in three types of japonica rice
Trait AC PC GC GT PV vV FV BDV SBV
~0.054
PC 0.278
0.061
0.307 0.343"
GC ~0.081 0.097
—0.204 -0.036
-0.291 0.662" —0.137
GT ~0.176 0.336 0.296
~0.366 0.269 0.348
~0.089 0.427" 0.268 0.693"
PV 0.046 0.251 -0.047 0.455™
-0.056 —0.187 0.111 0.123
-0.228 0.433" 0.295 0.470" 0.768"
v 0.329 0.343 0.148 0.479™ 0.691"
0.240 —0.146 -0.036 -0.234 0.842"
~0.159 0.334° 0.267 0.408" 0.820" 0.938"
FV 0.285 0.389° 0.068 0.404" 0.803" 0.906™
0.400 ~0.165 -0.072 -0.323 0.761" 0.972"
0.146 0.032 0.050 0.493" 0.600" -0.051 0.108
BDV -0.375" ~0.153 -0.252 -0.070 0.321 ~0.463"  -0.203
-0.435" -0.139 0.254 0.549" 0.667" 0.159 0.049
-0.088 -0.239 ~0.060 -0.584™ —0.492™ 0.090 0.095 -0.880"
SBV 0.414" 0.303 0.179 0.047 ~0.039 0.562" 0.565™ ~0.784™
0.625" 0.057 -0.265 —0.622" -0.487" 0.036 0.196 -0.942"
-0.162 0.311 0.223 -0.003 0.129 0.678" 0.526" —0.647" 0.576"
Pet 0.310 0.320 0.284 0.522" 0.358" 0.885" 0.678" -0.721" 0.642"
0.551" 0.045 -0.305 -0.635" 0.157 0.645™ 0.708" —0.604" 0.717"
1 , 2 , 3 T
0.05  0.01

The first row represents the correlation coefficient between traits in Jiangsu common japonica rice, the second row represents the correlation

coefficient of Northeast japonica, and the third row represents the correlation coefficient in Jiangsu semi-waxy japonica rice. ~ and " show

the significant correlations at the 0.05 and 0.01 probability levels, respectively. AC: amylose content; PC: protein content; GC: gel consis-

tency; GT: gelatinization temperature; PV: peak viscosity; TV: though viscosity; FV: final viscosity; BDV: Breakdown viscosity; SBV: set-

back viscosity; Pet: peak time.
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Exon 4
Jijing512 ( th) . ATCAAGGTTGCAGACAGGTACGAGAGGGTGAGGTTTTTCCATTGCTACAAGCGTGGAGTCGACCGTGTGTTCATCGACCATCCGTCATTCCTGGAGAAG

Songjing34 ( th) . ATCAAGGTTGCAGACAGGTACGAGAGGGTGAGGTTTTTCCATTGCTACAAGCGTGGAGTCGACCGTGTGTTCATCGACCATCCGTCATTCCTGGAGAAG
Huaidao5 ( Wx") . ATCAAGGTTGCAGACAGGTACGAGAGGGTGAGGTTTTTCCATTGCTACAAGCGTGGAGTCGACCGTGTGTTCATCGACCATCCGTCATTCCTGGAGAAG
Sidao212 ( th) . ATCAAGGTTGCAGACAGGTACGAGAGGGTGAGGTTTTTCCATTGCTACAAGCGTGGAGTCGACCGTGTGTTCATCGACCATCCGTCATTCCTGGAGAAG

Xudao9 (Wx") : ATCAAGGTTGCAGACAGGTACGAGAGGGTGAGGTTTTTCCATTGCTACAAGCATGGAGTCGACCGTGTGTTCATCGACCATCCGTCATTCCTGGAGAAG

Ningjing8 (Wx") : ATCAAGGTTGCAGACAGGTACGAGAGGGTGAGGTTTTTCCATTGCTACAAGCATGGAGTCGACCGTGTGTTCATCGACCATCCGTCATTCCTGGAGAAG

Nanjing46 (Wx") : ATCAAGGTTGCAGACAGGTACGAGAGGGTGAGGTTTTTCCATTGCTACAAGCATGGAGTCGACCGTGTGTTCATCGACCATCCGTCATTCCTGGAGAAG

1 2 34 5 6 7 891011 12M 1314151617 18 19 20 2122 23

2000 bp
1000 bp
75 gp
439bp ——— e ——— - w——— —— - - D S 500 bp
292 bp e ] — 250 bp
200 bp 100 bp

M: DNA Marker; 1, 2: Jiangsu japonica rice varieties without Wx"’; 3-7: The semi-
glutinous japonica rice varieties of ‘Nanjing 46°, “Xudao 9°, ‘Ningjing 8’, ‘Suxiangjing
100” and ‘Kanto 194” with Wx""; 8-23: Other ‘Nanjing’ rice varieties (lines) with Wx""

Exon 5
Huaidao5 ( th) + GTTTGGGGAAAGACCGGTGAGAAGATCTACGGACCTGACACTGGAGTTGATTACAAAGACAACCAGATGCGTTTCAGCCTTCTTTGCCAG

Nanjingd6 (Wx"") . GTTTGGGGAAAGACCGGTGAGAAGATCTACGGACCTGACACTGGAGTTGATTACAAAGACAACCAGATGCGTTTCAGCCTTCTTTGCCAG
Xudao9 (Wx™) : GTTTGGGGAAAGACCGGTGAGAAGATCTACGGACCTGACACTGGAGTTGATTACAAAGACAACCAGATGCGTTTCAGCCTTCTTTGCCAG
Ningjing8 (Wx") : GTTTGGGGAAAGACCGGTGAGAAGATCTACGGACCTGACACTGGAGTTGATTACAAAGACAACCAGATGCGTTTCAGCCTTCTTTGCCAG
Suxiangjing100 (Wx™) : GTTTGGGGAAAGACCGGTGAGAAGATCTACGGACCTGACACTGGAGTTGATTACAAAGACAACCAGATGCGTTTCAGCCTTCTTTGCCAG
Kanto194 (Wx") . GTTTGGGGAAAGACCGGTGAGAAGATCTACGGACCTGACACTGGAGTTGATTACAAAGACAACCAGATGCGTTTCAGCCTTCTTTGCCAG
Milky Queen (Wx"?) : GTTTGGGGAAAGACCGGTGAGAAGATCTACGGACCTGACACTGGAGTTGATCACAAAGACAACCAGATGCGTTTCAGCCTTCTTTGCCAG

4 wx ERENMLTF (@ oKk wx" EEE T (b)
Fig. 4 Allelic variation of Wx gene (a, c¢) and detection of Wx"” genotype (b)

Nanjing 46 (GT: 69.6°C) -~CACTGCCTCGAGACGTACCGCAAGTACAAGGAGAGCTGGAGGGGT TTCCAGGTGCGCGGCATGTCGCAGGACCTCAGCTGGGACCACGCCGCE
Songjing 34 (GT: 69.7°C) CACTGCCTCGAGACGTACCGCAAGTACAAGGAGAGCTGGAGGGGTTTCCAGGTGCGCGGCATGTCGCAGGACCTCAGCTGGGACCACGCCGCT
Nanjing 505 (GT: 79.9°C) -~CACTGCCTCGAGACGTACCGCAAGTACAAGGAGAGCTGGAGGGGGCTCCAGGTGCGCGGCATGTCGCAGGACCTCAGCTGGGACCACGCCGCG
Nanjing 2728 (GT: 80.7°C) - CACTGCCTCGAGACGTACCGCAAGTACAAGGAGAGCTGGAGGGGGCTCCAGGTGCGCGGCATGTCGCAGGACCTCAGCTGGGACCACGCCGCT
JD7021 (GT:80.0°C) - CACTGCCTCGAGACGTACCGCAAGTACAAGGAGAGCTGGAGGGGGCTCCAGGTGCGCGGCATGTCGCAGGACCTCAGCTGGGACCACGCCGCT
ID7027(GT:79.1°C) --CACTGCCTCGAGACGTACCGCAAGTACAAGGAGAGCTGGAGGGGGCTCCAGGTGCGCGGCATGTCGCAGGACCTCAGCTGGGACCACGCCGCT

5 OsSSHa EARRMKBEFERM(E)PEFTNNH

Fig.5 Sequence analysis of OsSSIla in japonica rice varieties (lines) with different gelatinization temperatures
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