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Abstract: [Objective] Wx and ALK are two major genes affecting rice eating and cooking quality, and their
allelic combinations have different effects on rice taste quality. The aim of this study was to breed rice strains

with different Wx and ALK allelic combinations using molecular marker-assisted selection, and meet people’s
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needs for various tastes and uses. [Method] ‘Hang Xiangsimiao 3’ was used as the donor parent, and ‘Huahang
Tezhan’ and ‘Hang Juxiangsimiao’ were used as the backcross parents respectively, to construct BC;F,
populations. Various Wx and ALK combinations were screened with molecular markers. Meanwhile, the rice
quality traits of the candidate strains were analyzed. [Result] Three candidate lines were selected from
‘Huahang Tezhan’ backcross progenies, two of which carried Wx’ALK® and one carried Wx“ALK®. Fourteen
candidate lines were selected from ‘Hang Juxiangsimiao® backcross progenies, five of which carried Wx’ALK*
and nine carried Wx’ALK’. Compared with the strains with Wx’ALK’, the strains with Wx’ALK® had similar
amylose contents, but higher gel consistency and breakdown viscosity, and lower setback viscosity, which made
their tastes soft and smooth. One strain with Wx“4LK" not only had high amylose content (w) of 32.2% but also
high gel consistency, which was suitable for special applications such as rice flour processing. [ Conclusion] Total
seventeen rice strains with different combinations of Wx and ALK are screened out and bred using molecular
markers. These candidate strains have different eating and cooking qualities, and also have multiple uses,

providing germplasm resources for breeding of new rice strains which meet people’s diversified needs for
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various tastes and uses in the future.
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M: DNA Marker, HT: Backcross parent ‘Huahang Tezhan’, HX: Donor parent ‘Hang Xiangsimiao 3’, HJ: Backcross parent ‘Hang Juxiangsimiao’,
1-3: ‘Huahang Tezhan’ backcross progenies, 4—17: ‘Hang Juxiangsimiao’ backcross progenies.
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Fig. 1 Wx and ALK genotyping of the parents and their backcross progenies
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Table 1 Agronomic traits of the parents and their backcross progenies

&R Pk Ei/em SrBEEL K /em $ﬁ%ﬁi§/g {—*ﬁfﬁ’ii/g. %;&1/% PRA
Strain Plant height Number of tillers Panicle length Panicle weight Thousar}d—gram Grain setting Plant-type
per plant weight percentage
HT 109.3+1.3ab 8.0:£0.0a 26.240.5b 24.9+0.3b 20.9+0.9b 71.0£2.2¢ Ris
HX 105.9+£0.9b 4.5+0.5b 29.3+0.8a 24.5+2.2b 24.8+1.0a 88.4+0.5a /a1
Gl-1 113.4+3.4a 8.5+0.5a 27.340.5b 35.9+2.7a 21.940.1b 83.2+0.7ab %Ki
Gl1-2 115.5+1.5a 8.0:£0.0a 29.3+0.6a 31.5+2.7ab 25.3+0.5a 85.2+0.2a Ris
Gl1-3 110.2+1.9ab 8.5+0.5a 27.7+0.1ab 30.2:1.4ab 20.8+0.5b 74.0+0.8¢ %Ki
HJ 111.7+1.4ab 9.5+0.5ab 24.4+0.7d 32.3x1.7ab 19.3+0.5bc 78.4+0.7b BB
HX 105.9+0.9b 4.5+0.5d 29.3+0.8ab 24.5+2.2bc 24.8+1.0a 88.4+0.5a Vanii
G2-4 118.8+1.1ab 8.00.0bc 26.7+1.2¢ 18.2+3.7¢ 20.1£1.7b 71.9£0.3b B
G2-5 121.5+3.5a 9.0+0.0b 27.8+0.0b 30.6+3.9b 20.4+0.6b 63.8+0.9¢ %Ki
G2-6 122.3+7.8a 7.5+0.5¢ 28.0+0.5b 25.842.1b 21.240.2ab 67.3+1.6bc Ris
G2-7 118.5+1.5ab 8.0£1.0bc 28.1£0.1b 29.0+1.8b 20.7£0.1ab 64.82.0bc %Ki
G2-8 114.8+0.3ab 8.0+0.0bc 28.240.6b 28.9+4.6b 20.30.5b 81.2:£0.7ab %Ki
G2-9 114.3+0.7ab 8.0+0.0bc 27.9+0.2b 34.8+0.2a 18.4+0.4bc 78.7+6.0b LS
G2-10  114.5+0.5ab 8.0+0.0bc 26.3+0.2¢ 28.0£0.4b 19.0+0.8bc 67.5+0.7bc %Ki
G2-11  120.5+0.5a 9.0+0.0b 26.2£0.9¢ 34.6+1.0a 17.1+0.7¢ 85.0+0.6a %Ki
G2-12  116.0+1.0ab 10.0+0.0a 27.5+0.1b 36.9+0.6a 17.8+0.4bc 80.0+1.5ab B
G2-13  117.8+1.8ab 9.5+0.5ab 26.7+0.3¢ 31.0£2.6b 18.4£0.6bc 76.8+4.1b %Ki
G2-14  113.0+1.0ab 9.0+0.0b 30.1£1.0a 32.8+1.6ab 21.5+0.5ab 76.2+0.8b %Ki
G2-15  106.0£2.0b 9.0+1.0b 27.9+0.5b 26.8+4.6b 18.5+1.7bc 72.5+2.3b BMERE
G2-16  121.0+3.0a 8.0£1.0bc 26.9+0.1c 38.3+11.6a 21.7£0.1ab 86.1x1.7a %Ki
G2-17  122.0+4.0a 7.5+0.5¢ 27.240.6¢ 19.6+3.7bc 22.5+0.1a 71.2+3.7bc %Ki

DHT: @& F A s s’  HXBAFAR RELE3S HLOXLFA REFLY ,Gl: ‘HHH5 s @6
R,G2: ‘MEBALYE BRER;AMRAEFARLEGEREESHRRANE FEATHREMAEPO0SKFZRTH(CERE
F E 5o

1) HT: Backcross parent ‘Huahang Tezhan’, HX: Donor parent ‘Hang Xiangsimiao 3°, HJ: Backcross parent ‘Hang
Juxiangsimiao’, G1: ‘Huahang Tezhan’ backcross progenies, G2: ‘Hang Juxiangsimiao’ backcross progenies; Different lowercase
letters after data of the same parents and their backcross progenies indicate significant differences at P<0.05 among different strains
(One-way ANOVA).
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Table 2 Milling and appearance qualities of the parents and their backcross progenies
. st g BRI o0, st 10 - -
pr KA/mm KK % /mm Length-width EEHREY%  EAHE%  BEKRE/% KR Y% BRI %
Strain Milled rice Millf':d rice catio of milled Chalky rice ~ Chalkiness Brown rice Milled rice Head rice
length width rice percentage degree rate rate rate

HT 7.1£0.0d 1.940.0a 3.6x0.1c 26.5+2.5a 9.8+2.2a 75.6+0.9b 61.5+0.0b 31.2+0.4b
HX 8.2+0.0a 1.8+0.0b 4.6+0.0a 5.5+0.5b 1.1+0.2b 78.3+0.1b 59.7+0.3¢ 23.0+1.4¢
G1-1 7.2+0.0c 1.9£0.0a 3.7+0.0c 1.5+0.5b 0.1£0.1b 81.4+0.0a 66.9+0.5a 48.2+1.4a
G1-2 8.2+0.0a 1.7+0.0b 4.8+0.1a 2.5+0.5b 0.5+0.0b 69.5£1.4bc  50.8+0.1c 9.1+0.2d
G1-3 8.0+0.0b 1.84+0.0b 4.5£0.0ab  25.0+1.0a 9.5+2.2a 70.7+0.1b 50.8+0.4¢ 14.5+0.8¢
HJ 7.5+0.0d 1.6+0.0c 4.6+0.0c 0.5+0.5¢ 0.0+0.0b 74.6+0.2¢ 57.9+1.0bc  21.3+0.2b
HX 8.2+0.0ab 1.840.0a 4.6+0.0c 5.5+0.5a 1.1+0.2a 78.3£0.1a 59.7+0.3b 23.0+1.4ab
G2-4 8.3+0.0a 1.7+0.0b 4.8+0.1a 2.5+1.5bc 0.2+0.1b 75.9+0.5b 56.0+0.3cd  20.5+1.3bc
G2-5 8.1+0.0b 1.7+0.0b 4.8+0.1a 0.5+0.5¢ 0.1£0.1b 76.1£0.2b 55.0+0.4d 22.8+0.6ab
G2-6 8.2+0.0ab 1.840.0a 4.6+0.0c 1.0+0.0bc 0.1+0.0b 77.1£0.0ab  59.2+0.3b 24.4+0.8ab
G2-7 8.1+0.0b 1.7+0.0b 4.7+0.1b 0.5+0.5¢ 0.0+0.0b 76.8+0.1ab  57.6+0.3bc  22.6+1.8b
G2-8 7.8+0.0c 1.6+0.0c 4.8+0.1a 1.0+0.0bc 0.1£0.1b 76.9£0.3ab  56.5+0.5cd  19.7+0.8bc
G2-9 7.5+0.0d 1.6+0.0c 4.6+0.0c 0.0+0.0d 0.0+0.0b 76.0+0.6b 54.4+0.5d 16.1£0.7d
G2-10 7.6+0.0cd 1.7+0.0b 4.6+0.0c 0.5+0.5¢ 0.1+0.1b 70.9+0.0d 54.7+0.1d 19.7+0.6bc
G2-11 7.7+0.0cd 1.7+0.0b 4.4+0.1e 0.5+0.5¢ 0.1£0.1b 78.0+0.2a 61.3+0.1a 28.2+0.1a
G2-12 7.8+0.0¢c 1.840.0a 4.4+0.0e 3.0+0.0b 0.4+0.0b 77.7£0.6ab  61.9+0.2a 34.5+2.8a
G2-13 7.6+0.0cd 1.7+0.0b 4.5+0.0d 0.0+0.0d 0.0+0.0b 76.2+0.5b 57.0£0.1¢ 23.3+0.3ab
G2-14 8.0+0.0bc 1.8+0.0a 4.5+0.1d 5.0+1.0a 0.9+0.3a 76.2+0.2b 57.8£0.4bc  22.8+0.2ab
G2-15 8.0+0.0b 1.840.0a 4.5+0.0d 2.54+0.5bc 0.4+0.3b 71.2+0.1d 54.6+0.6d 15.2+0.2d
G2-16 7.9+0.0bc 1.8+0.0a 4.4+0.0e 1.5+0.5bc 0.2+0.0b 76.5£0.4ab  61.6x1.0a 26.3+1.4a
G2-17 8.3%0.1a 1.8+0.0a 4.6+0.1c 2.0£1.0be 0.3+0.0b 75.6+0.3b 58.2+0.5bc  17.4+0.3c

DHT: M FA S s’  HX:BhFER RELYIS’

JHI: M FA RRALY Gl AL ®RE

K,G2: “MBAELY BRER;ARAEARLGRERIIEBHRE DB FEETHREZNEPO0SKFLZFEE(EAE

T Z 5T,

1) HT: Backcross parent ‘Huahang Tezhan’, HX: Donor parent ‘Hang Xiangsimiao 3°, HJ: Backcross parent ‘Hang

Juxiangsimiao’, G1: ‘Huahang Tezhan’ backcross progenies, G2: ‘Hang Juxiangsimiao’ backcross progenies; Different lowercase

letters after data of the same parents and their backcross progenies indicate significant differences at P<0.05 among different strains

(One-way ANOVA).

RVA WS (35 3). 3 AspAH, Bk S’

MEFEEN & & () m, 29.1%: KA E &K,
25.0 mm; BRHE RN, 7.0. 1 ‘WiFELE 35 IE
UF A, BEEEVER & =K, 13.4%; M AL &
84.3 mm; BIHE A /D, 1.0, FiBEFLE KA
POIRIE T “ERREST 5 CMEFLE 35 2,
BHEEVERN B 18.3%, KANE 69.7 mm, HHiHE
5.0 £ ‘ARG BIEE A, GL-1 M 2 B EEE

WER B EARL T CRNURE T RRAR, TR A R 4
ms G1-3 R EEEEM & Bk 32.2%, M1 BN
Ry, HRBEHERR, 85.3 mm, T ‘Mi&F4L
W35 f84.3 mm. 3 Mk R KIBIH (A EY S5
BEARCEAR ‘MiEFLW 35 —8, BAKTLHEM
1h, KRR, 75 MiRELN P ERH, G2-4
) B BETE R & B IA 18.7%, G2-8 A1 9 [ BELEEIE N
BERIK, YN 14.2%, HEVWNT HEEL
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Table 3 Physicochemical properties and RVA profiles of the parents and their backcross progenies

PR & . AR
Strain AC/% GC/mm PKV/(mPa-S) HPV/(mPa'S) BDV/(mPa'S) CPV/(mPa'S) SBV/(mPa'S) ASV Pal/C Fragrance
HT 29.1 25.0 3219 2812 407 4225 1 006 70 744 H
HX 134 843 3699 1773 1926 2834 —865 1.0 814 <)
Gl-1 16.1 80.0 3467 1831 1 636 3161 =306 1.1 82.3 H
Gl1-2 16.8 83.3 3434 1928 1506 3030 —404 1.0 814 H
G1-3 322 85.3 3290 2420 870 4098 808 1.0 783 <)
HJ 18.3 69.7 3274 2063 1211 3337 63 50 752 H
HX 134 84.3 3699 1773 1926 2 834 —865 1.0 814 H
G2-4 187 94.0 3801 1910 1891 3129 —672 1.0 814 <)
G2-5 186 577 3196 1960 1236 3267 71 53 752 H
G2-6 163 56.3 2882 1742 1140 2961 79 55 744 H
G2-7 163 59.3 3134 1 846 1288 3110 —24 63 744 <)
G2-8 142 64.7 1 960 1039 921 2008 48 50 752 H
G299 142 68.3 3156 1771 1385 3065 —91 50  80.6 H
G2-10 15.1 68.7 3724 2454 1270 3656 —68 57 744 <)
G2-11 16.7 64.3 2630 1598 1032 2813 183 50 743 H
G2-12 17.6 943 3134 1548 1586 2712 —422 1.0  80.7 H
G2-13 158 64.0 2183 1231 952 2272 89 53 752 <)
G2-14 16.2 95.3 3439 1827 1612 3042 -397 1.0 805 H
G2-15 147 79.7 3754 2 062 1692 3294 —460 1.0 814 H
G2-16 14.8 63.3 3241 2071 1170 3306 65 6.5 767 <)
G2-17 149 80.3 2233 826 1 407 1620 -613 1.0 815 H

DHT: X F A HA4s s  HX:HhFR MELYIS’

JHE B F A RRELY Gl A E @B

K, G2: ‘MBALY WREK;AC: A4EHAE,GC: IR E, PKV: %845 B, HPV: # % 55 , BDV: #i fif{h, CPV: AR
5L, SBV: iH AL, ASV: KA, PaT: AR ; 48R % AR W 35 REIEE 0 R B DB FH R Tk R 8 £P<0.05KF £

FRECERF T EHH).

1) HT: Backcross parent ‘Huahang Tezhan’, HX: Donor parent ‘Hang Xiangsimiao 3°, HJ: Backcross parent ‘Hang

Juxiangsimiao’, G1: ‘Huahang Tezhan’ backcross progenies, G2: ‘Hang Juxiangsimiao’ backcross progenies; AC: Amylose content,

GC: Gel consistency, PKV: Peak viscosity, HPV: Hot paste viscosity, BDV: Breakdown viscosity, CPV: Cool paste viscosity, SBV:

Setback viscosity, ASV: Alkali spreading value, PaT: Pasting temperature; Different lowercase letters after data of the same parents

and their backcross progenies indicate significant differences at P<0.05 among different strains (One-way ANOVA).
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Table 4 Sensory evaluation for eating and cooking qualities of the parents and their backcross progenies

/3 R S ULE & AN 7o BRI LN
Strain Smell Appearance structure Palatability Taste Cold rice texture Taste value
HT 16.0+0.0d 16.5+0.5b 20.0+0.0b 16.5+0.5d 3.5+0.5a 72.5+0.5d
HX 18.0+0.0ab 17.5+0.5ab 27.5+0.5a 23.5+0.5ab 4.0+0.0a 90.5+0.5ab
Gl-1 16.5+0.5¢ 16.5+0.5b 27.0+0.0a 23.5+0.5ab 4.0+0.0a 86.5+0.5b
G1-2 17.5+0.5b 17.5+0.5ab 27.5+0.5a 22.5+0.5bc 4.0+0.0a 89.0+0.0ab
G1-3 16.0+0.0d 17.5+0.5ab 19.0+0.0b 23.5+0.5ab 3.5+0.5a 79.5+0.5¢
HJ 17.0+0.0bc 16.5+0.5b 24.5+0.5¢ 23.5+0.5ab 4.0+0.0a 85.5+0.5¢ef
HX 18.0+0.0ab 17.5+0.5ab 27.5+0.5a 23.5+0.5ab 4.0+0.0a 90.5+0.5ab
G2-4 18.5+0.5a 18.0+0.0a 27.5+0.5a 24.0+0.0a 4.5+0.5a 92.5+0.5a
G2-5 16.5+0.5¢ 17.0+0.0ab 27.0+0.0a 23.5+0.5ab 4.5+0.5a 88.5+0.5¢
G2-6 17.5+0.5b 16.5+0.5b 26.0+0.0ab 23.5+0.5ab 4.0+0.0a 87.5+0.5¢d
G2-7 17.5+0.5b 17.0+0.0ab 26.5+0.5ab 22.5+0.5bc 4.5+0.5a 88.0+0.0cd
G2-8 17.0£0.0bc 16.5+0.5b 24.5+0.5¢ 22.5+0.5bc 4.0+0.0a 84.5+0.5f
G2-9 16.5+0.5¢ 17.0+0.0ab 26.5+0.5ab 21.5+0.5¢ 3.5+0.5a 85.0+0.0ef
G2-10 18.5+0.5a 17.0+0.0ab 27.5+0.5a 24.0+0.0a 4.0+0.0a 91.0+0.0a
G2-11 17.5+0.5b 17.5+0.5ab 26.5+0.5ab 22.5+0.5bc 4.0+0.0a 88.0+0.0cd
G2-12 18.5+0.5a 18.0+0.0a 27.5+0.5a 23.5+0.5ab 4.0+0.0a 91.5+0.5a
G2-13 18.0£0.0ab 17.0+0.0ab 25.5+0.5bc 23.0+0.0ab 4.0+0.0a 87.5+0.5¢d
G2-14 17.5+0.5b 16.5+0.5b 26.5+0.5ab 23.0+0.0ab 4.0+0.0a 87.5+0.5¢cd
G2-15 17.5+0.5b 17.5+0.5ab 27.5+0.5a 23.5+0.5ab 4.5+0.5a 90.5+0.5ab
G2-16 18.5+0.5a 17.5+0.5ab 27.5+0.5a 23.5+0.5ab 4.5+0.5a 91.5+0.5a
G2-17 17.5+0.5b 17.5+0.5ab 27.5+0.5a 24.0+0.0a 4.0+0.0a 90.5+0.5ab

DHT: @ F A s &  HXBARFA REFELE3S HLEXFA REFLY LGl

A LT @B

K,G2: “MBAELY BRER;ARAEARLGERIIEBHRE DB FEETHREZNEPO0SKFLZF L E(EAE

I ZHH).

1) HT: Backcross parent ‘Huahang Tezhan’, HX: Donor parent ‘Hang Xiangsimiao 3°, HJ: Backcross parent ‘Hang

Juxiangsimiao’, G1: ‘Huahang Tezhan’ backcross progenies, G2: ‘Hang Juxiangsimiao’ backcross progenies; Different lowercase

letters after data of the same parents and their backcross progenies indicate significant differences at P<0.05 amogn different strains

(One-way ANOVA).

2.6 FAREREBERERSEERAOBEXM

T K i o P IR AR S P A 5 1 (1] 2) R,
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1.0
MRL
MRW | 0.09 .
*k Kk 0.8
LWR | 057 -0.68
ok
CRP | o028 (069 028 .
4 0.6
ok
CD |o032 066 -0.25 ..
BRR |-004 016 -0.16 —0.11 —0.14
4 04
* * ok
MRR |-024 053 -0.56 016 0.10 071
* kk
HRR [-034 038 -0.54 001 -0.04 | 0.74 .. 402
AC [001 013 -006 025 020 -030 -0.03 0.12 .
* *
GC [026 014 001 052 046 —0.11 —0.13 —0.30 0.02 40
ASV |-034 016 -0.11 -044 —0.40 —0.03 008 035 0.09 ..
p -0.2
PKV [o011 017 o001 043 034 -032 -021 —022 008 048 -0.36 1Y
ok ks
HPV [-018 014 -0.16 025 020 -0.57 —0.23 -0.16 040 —0.12 033 | 0.64 .
Kk kg 4-0.4
BDV 039 008 022 025 017 013 001 —0.11 —028 064 —0.73 060 —0.11 :
* ok
CPV |-030 015 -022 016 009 —0.50 —0.17 -0.09 040 —0.16 036  0.60 .—0.15.
* w3k k% % —4-0.6
SBV [-045 -0.01 —032 -0.27 —0.22 —0.05 0.05 027 040 —0.68 075 —045 025 031
* sk * ok sk
PTm |-031 —0.01 -021 -0.15 —0.13 —0.42 —0.12 0.03 039 -0.54 073 0.15 -0.55 076 0.68
. *% k% k% 70~8
PaT [032 030 006 042 036 —0.04 —0.04 —0.24 —022 | 0.71 | 042 —0.17 074 —0.19 |=0.77 —0.65 |
* *k kK 3k
TV [ 052 004 014 008 008 004 009 001 —0.15 030 —026 032 —0.02 038 —0.15 —0.60 —0.22 031
-1.0
FIEL S S ESS TS S
AN
FFFFOFFTFr gy T o s

MRL: f KA, MRW: #52K 58, LWR: /5K K 98 L, CRP: T (R, CD: T[4, BRR: F K3, MRR: Fi K%, HRR: B K%K, AC: HEEEM & &,
GC: BEHASE, ASV: Iil 18, PKV: &5 ZEE, HPV: I Fi R, BDV: jii i, CPV: K55, SBV: HIR{H, PTm: G5 7], PaT: SR, TV: &k

B R+ B FIRTE P<0.05. P<0.01 /K& H{5% (Pearson 7).

MRL: Milled rice length, MRW: Milled rice width, LWR: Length-width ratio of milled rice, CRP: Chalky rice percentage, CD: Chalkiness degree, BRR:
Brown rice rate, MRR: Milled rice rate, HRR: Head rice rate, AC: Amylose content, GC: Gel consistency, ASV: Alkali spreading value, PKV: Peak viscosity,
HPV: Hot paste viscosity, BDV: Breakdown viscosity, CPV: Cool paste viscosity, SBV: Setback viscosity, PTm: Peak time, PaT: Pasting temperature, TV:
Taste value; * and ** indicate significant correlations at P<0.05 and P<0.01 levels respectively (Pearson method).
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Fig.2 Correlation analyses of rice quality traits for the parents and their backcross progenies
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