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Abstract: [ Objective] Gelatinization temperature (GT) is one of the key physicochemical properties in rice quality, which
is mainly regulated by ALK (SSII-3) gene. In general, there are two ALK alleles among indica cultivars. To detect their
functional differentiation in indica rice, [Method] Zhenshan 97B (a high GT variety carrying ALK" allele) and Longtefu B
(a low GT variety carrying ALK? allele), were used as receptors for the generation of transgenic rice with down-regulation
of ALK expression by RNA interference (RNAi). [ Result] Down-regulation of ALK gene significantly decreased the GT of
the transgenic lines. Due to the difference of original GT between the two receptors, the GT of transgenic rice lines derived
from Zhenshan 97B (a high GT variety) decreased significantly, but it is slightly decreased in transgenic plants derived
from Longtefu B (a low GT variety). The differential scanning calorimetry (DSC) results showed that the initial
temperature of RNA1 transgenic rice was significantly lower than the corresponding control and the transgenic lines were
gelatinized in advance. The peak value of GT(7,) in RNAI rice grains was significantly lower than that of the control under
Zhenshan 97B background. However, T, of RNAI rice grains under Longtefu B background was significantly lower than
the control to a lesser extent. Also, down-regulation of ALK expression had a significant effect on rice physical-chemical
characteristics. An increase of apparent amylose content in RNAI transgenic plants was detected due to the decreased
expression of ALK gene. Besides, the pasting properties showed that down-regulation of ALK gene had obvious effects on
peak viscosity and breakdown value, improving the taste of the transgenic rice. The gel consistency was significantly
different among Zhenshan 97B RNAI lines and their parents, but no difference was found in Longtefu-derived transgenic
lines. [ Conclusion] RNA interference to ALK allele expression had a significant effect on rice quality, especially the
gelatinization characters. Down-regulated expression level of ALK® allele would cause larger variation of
physical-chemical characteristics between transgenic rice and their parent than that of ALK? allele.
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Table 1. Primers used in this study.
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Forward primer
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K514

Reverse primer

ElEZIEg ]l
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D-ALK-RNAi # 3 FKREHMRIR AL h ALK SRR IA BT . L-ALK*-RNAi-1. L-ALK’-RNAi-2 1 L-ALK"-RNAi-3 J R H 15 5 T I ALK -RNAi Vﬁ
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A, ALK genotype in Longtefu B(LTFB) and Zhenshan 97B(ZS97B) on sites 4342 and 4343 based on primer 4342(GC/TT). B, The T-DNA structure of
ALK-RNAI construct. P35S and Tnos represent the promoter and terminator region of the CaMV 35S gene respectively; NOS represents agrobacterium
nopaline synthetase gene terminator; Hyg represents hygromycin resistance gene; LB and RB represent the left and right boundary sequences of the T-DNA
region respectively; the anti-sense and the sense represent the reverse and forward structure of the target gene segment respectively; and the arrow in the figure
indicates the direction of the designed primer. C, PCR analysis of ALK-RNAI transgenic rice plants. D, Transcription level expression of ALK Gene in RNAi
Line. L-ALK’-RNAi-1, L-ALK’-RNAi-2 and L-ALK’-RNAi-3 are ALK’-RNAi transgenic homozygous lines under the background of Longtefu and
Z-ALK*-RNAi-2-1, Z-ALK*-RNAi-2-2 and Z-ALK*-RNAi-2-3 are homozygous transgenic lines carrying both ALK’-RNAI interference structure and ALK
allele. Data were subjected to one-way analysis of variance (ANOVA) depending on the experiment, followed by a comparison of the means according to a
Duncan’s multiple range test at P< 0.05 or P < 0.01. Double asterisks denote a highly significant difference between transgenic line and its wild type (P<0.01),
single asterisk denotes a significant difference between transgenic line and it’s wild type (0.01<s P<0.05). (n=3).

1 ALK-RNAi E{REHRNEEREKIENEE

Fig. 1. ALK-RNAI construction and idendification of transgenic rice.
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2 ALK-RNAQ 3 EFEKFERRAK BN Z R IR T

Table 2. Gelatinization properties and physical-chemical qualities of 4LK-RNAIi transgenic rice.

HHER R AR WA T 5 KA S E B JBEH HEASE
Transgenic line T,/C 1,/C T./'C AH /g™ AAC/% GC/mm Protein content/%
Je5HT B LTFB 63.6+0.1 69.5+0.1 77.2+0.3 6.30+0.41 23.16+1.55 19.0+0.0 10.47+0.12
L-ALK’-RNAi-1 61.8+0.4* 68.2+0.0%* 76.2+0.5% 6.40+0.49 24.42+0.13 18.0+0.0 9.80+0.17
L-ALK’-RNAi-2 62.240.3* 68.3+0.1%* 76.0+0.5* 6.30+0.82 24.01+0.15 18.0£0.1 9.73+0.19
L-ALK’-RNAi-3 62.2+0.5* 68.6+0.1%* 76.0+0.0% 6.00£0.31 23.66+0.26 17.7+0.1 10.11+0.49
2l 97B ZS97B  74.6+0.2 79.2+0.2 85.2+0.1 9.43+0.16 25.11+0.04 58.5+0.4 10.61+0.04

Z-ALK*-RNAi-2-1  67.1+0.3%* 73.440.1%* 80.240.1%* 8.20+0.08** 27.73+0.24%%  25.5+0.1%* 9.2140.05*
Z-ALK*-RNAi-2-2  66.3+0.0%* 72.940.1%* 79.4+0.2%* 7.99+0.12%* 27.85+0.13%%  28.0+0.3%* 9.65+0.42*
Z-ALK*-RNAi-2-3  65.6+0.1** 72.4+0.1%* 79.0+0.0%* 7.29+0.07** 26.69+0.01%%  45.0£0.0%* 9.03+0.46*

FEMEEAREZE(=2). ** TR RS REAL N I8 22 54 535 (P<0.01), * TR RS R EAL R 2 5 8 2 0.01<P<0.05), FE[F.

Data are shown as mean+SD(n=2). Double asterisks denote a highly significant difference between transgenic line and its wild type at P<0.01, single

asterisk denotes a significant difference between transgenic line and its wild type at 0.01 <<P <0.05. The same as below.
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A, Alkali spreading value of milled rice in 1.7% KOH; B, DSC curve of
rice flours of ALK-RNAI transgenic rice.
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Fig 2. Gelatinization properties of ALK-RNAI transgenic

rice.
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Table 3. RVA parameters of mature rice flour in ALK-RNAI transgenic rice lines.

I R A IR A RE FHE Cool THRAE UEEAFL B[] IR
Transgenic line Peak viscosity Hot ?aste Breakdown paste viscosity Setback Peak .time Pasting teemperature
/cP viscosity/cP /cP /cP /cP /min /C
JeHiHT B LTFB 3699+11 3217+18 48247 6385+18 2686+5 6.5 87.9
L-ALK*-RNAi-1 3923£7%* 3390+10** 533+]13%* 6390+11 2467+£8%* 6.5 87.0%
L-ALK*-RNAi-2 3810+13** 3312425%* 498+8* 6055£7** 2245+6%* 6.5 86.9%
L-ALK’*-RNAi-3 3843£8%* 3137+17* 706+10%* 6345+14* 2502+£7%* 6.5 87.8%*
21l 97B ZS97B 2885+12 2510+16 375+9 4974+15 2089+9 6.5 88.6
Z-ALK -RNAi-2-1 3608+£9%* 2945+17** 663+12%* 4749+£17** 1141£11%* 6.5 76.5%*
Z-ALK -RNAi-2-2 3930+£11%* 3249+13%** 681+11%%* 4590+16** 660+£12%* 6.6 77 .4%*
Z-ALK*-RNAi-2-3 3976£6%* 3337£14%* 639+8%* 4956+19 980+14%%* 6.5 76.5%*
F 4 ALK-RNAi #%EEKFER AR RKE
Table 4. Sensory evaluation of milled rice in ALK-RNAI transgenic rice lines.
R AL R oty AR F&
Sample Transgenic line Integrated score Appearance Taste
IR JeA5T B LTFB 53.341.3 5.040.1 45402
Cooked rice L-ALK’-RNAi-1 48341 3%% 4340.1%* 3.940.2%
L-ALK®-RNAi-2 51.0+£0.8* 4.7£0.1* 4.24+0.1%
L-ALK’-RNAi-3 50.5£1.7%* 4.6+0.2* 4.1+£0.2%*
21l 97B ZS97B 55.0+£2.6 5.1+0.3 4.8+0.3
Z-ALK*-RNAi-2-1 43.8+1.9%* 3.6+0.3** 3.3+0.3%*
Z-ALK*-RNAi-2-2 42.04+0.8** 3.540.0%* 3.1+0.1%*
Z-ALK‘-RNAi-2-3 44.54+0.6** 3.8+0.0%* 3.4+0.0%*
IR Jek¢H B LTFB 49.8+0.5 4.620.0 3.9+0.1
Cooled rice L-ALK"-RNAi-1 44.8+0.5%* 4,10, 1% 3.6:0.1%*
L-ALK’-RNAi-2 48.5+1.0* 4.3£0.1%* 3.7+0.1*
L-ALK’-RNAi-3 46.5+0.6** 4.3+0.1%* 3.7+0.1%
2l 97B ZS97B 54.0+0.8 5.1+0.0 4.7+0.1
Z-ALK‘-RNAi-2-1 45.84+0.5%* 3.0£1.4%* 3.4+0.0%*
Z-ALK‘-RNAi-2-2 44 .8+1.7%* 3.4+0.2% 3.1+0.4%*
Z-ALK‘-RNAi-2-3 47.842.1%* 4.0+0.2 3.6+0.3**
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Fig. 3. RVA curve (A) and the degree of polymerization (B) of rice flours from different AL K-RNAI lines.
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