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Abstract Long grain rice has the advantages of low degree of chalkiness, high content of amylose and firm and
fluffy after cooking. In order to improve the rice grain shape, in this study, 'R15' was used as long-grained gene

donor material and 'Y58S', photo-thermo-sensitive two-line sterile line, was used as a recurrent parent to develop a
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5% Hou J.L, Xi X.Y.,, Li SM,, LiZH,, LiG., FuQ., Li Y.F,, Yan Y.T., Yang Q.S., Yu H., Xia Q.J., Liu B.L., Li Y., Zhang G.
Y., Zhao S.C., and Ni X.M., 2019, Molecular markers and RAD sequencing assistant selection for improvement of grain size in
two-line sterile rice, Fenzi Zhiwu Yuzhong (Molecular Plant Breeding), 17(8): 2552-2558 (%255, i Ig, Z=tH 01, ZREHE, 22N, £k
i, A5 BEROR, MR, i, SRS, X, 455, RS, B A, AT, 2019, 20 T A5 B RAD U4 Bk P8 i DY
RAH FKFERY, 53 7R E B, 17(8): 2552-2558)
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mo lecular marker R072774 closely linked to ¢GL7 controlling grain shape. Using this molecular marker, the

individuals containing the long-grained gene were selected in each generation for the establishment of the genomic

library, and the genome selection was performed using RAD resequencing data. The individuals containing the

long-grained gene and the genome background closest to the recurrent parent 'Y58S' were selected. Backcrossing

from the F, generation, after 4 generations of backcross and 1 generation of self-crossing, the average genetic

background similarity of F, generation and backcross generations compared with "Y58S' was F, (37.07%)<BC,F,
(53.03%)<BC,F; (97.89%). The resulting new line 'Shenhuaxiang 15S' had a total of 356 920 821 bp frag-
ments consistent with the recurrent parent 'Y58S', accounting for 95.62% of the genome. The interval between

22 482 655 bp to 29 697 621 bp of chromosome 7 was replaced by R15S, making the new line with long-grained

genes. Compared with the parent 'Y58S', 'Shenhuaxiang 15S' grain length increased by 29%, and the length-width

ratio increased by 51.7%. Thus, we successfully cultivated a long-grain rice sterile line. This study could provide a

theoretical and practical reference for the rapid selection and cultivation of long-grain rice.

Keywords MAS, RAD-seq, ¢GL7, Photo-thermo-sensitive two-line sterile line
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R 2 1) 1R 222 S A2 ER AN [) PR PR S58 08 P88 o it o 1) 9 8%
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LK LU, fERZHUGOUT, KRR B R &
HEE, 28785 AT 2 RERA (AR T ORIRK
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JKAE, § 38 B FLIK A& K/N R 919 bp, P41 H
ARG 8, A RIS R R A KR, TG
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WA 4l A KR L R (ce) (3R 1), XF 156 MRk Rk
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F: QA RIS HREA Y588’ A8 —MUAAR; 9,6 ,F: RO72774
Figure 2 Detection of polymorphisms of molecular markers in
parents and F,

Note: M: DL2000 DNA Marker; & : Paternal plant 'R15"; @ : Mater-
nal plant 'Y58S'"; F: The first-filial generation of 'R15' and "Y58S';
?,8,F:R072774
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X BCF, 8 215 M0k R AT RAD W7, H AL PR 41 5
TP AL 15 50 5 YS8S” IAH LR (b+h 7 Eb) T34
95.75%, It KAH K 100.00%, fix/IME A 92.32% (% 2),
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———————— TIGGCTTIGAGGACCAGCACAGTITIGECCTCGGE

GACGACHAAAAAAGCAGCAGAAGCAGCTGCAGARTEC AT AGTAC CATGCACTGCTCCGGCTTE - - ACHACAGAGTC GAGATGATGGETACCGAGTCARAARAGCARCAACCAARARAAG
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Y585 239
R15 224

Y585 359
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R15 330

————————— e | B

GACGACGAARAAD --------- GCAGCTGCAGATGCATECAGTGCCATGCACTGCTCCGGCTIGT ACGECAGAGTC GAGAAGATGEETACCEGAGTCAAAAAAGCAACAR A CCAMARALG

T TTECTATTCE TACTICR cCBATTATATTTTARGA B ACCTATAATACC AGGCTATARBETACC TATAAACATATTTTAAA AACATARATEACCAGAGACAATAGCAGCGOCC TACA
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GATTTATAGTCAGC TATAGC ACGRACT CCAAGRC AC AT TETC TATGACAGCTGEGACCATGT AT TAATARTATAGTATGTAA CTARTGTATAAATGAGOTATTARATT GGC TATAGAT

GAATTEAGE TAGTAGT T GG CTATACTAT TARAC TTEC T TAAGTGTAGC CATGART GTT TG AT TCAACGT T T HATCATC CGTTITGTTTAAAAATTATITATGATTAATATTTITAT
—————— TICAACGTTTIATCGTITATTIIGITT GAAAATT TG TTATGATTAGCATITITAT
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Y585 719
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R15 43T e TTAACTATGAAGCTGCAGCAGCCATACGGARGCTATAAAATETCGCTI TITAGCGATTTCOT CETACCTAGGCTAGTCTICCCARATCTGEGC

Y585 839

CAGCATTETTETGACATTGT - - - -GTGA----- TCTEAATTCCATTTCACGCATTGTTCAGTACGTCATTAGAGACAGAGACATGRATCT

R15 529

Kl 1 ‘R15°5Y58S’ 7 Thrid RO72774 [ 31 LL X}

CAGCATTETTGTGACAGTGT T TIGIGACAT I GT I TGAATT TCATTTCATGCATTGTT CAGTACGTCATTAGSGACAGAGACAT GGATCT

Figure 1 Sequence alignment of molecular marker RO72774 in 'R15' and "Y58S'
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1 JEARITIRAR AR LA AT KR R R R AR R S v
Table 1 The statistics of offspring strains and the strains carrying

long-grain gene

HH PR A5 AT KRB DA R 2
Generetions The number The number of individuals
of individuals carrying long-grained gene
F, 620 156
FBC, 66 66
FBC, 45 22
F,BC, - -
FBC, 84 45
BC,F, - 215

R 2 JE AR AR L AL HO 8% 1 57 55 Y 58S (AL (b+h
=0
Table 2 The genetic background similarity of F, generation and

backcross generations compared with "Y58S' (b+h%)

3 SRR (%) RAME%) KA (%)
Generations Average similarity (%) Minimum (%) Maximum (%)
F, 37.07 0.026 4 69.14

FBC, 53.03 15.570 0 80.34

FBC, 97.89 88.070 0 100.00

BC,F, 95.75 92.3200 100.00

BEILA R RSN ALFT 5 O A Y588+ o4l
13RI @mAR RES 158

24 RIMAZ, 1 IR AL )G, N BCF, AR 215 tkh
16 W BT ORI R L R H R R A e i fe ml s AR
“YS58S’ Al il &R o BTl R AE AT 356 920 821 bp
A BRI RS IS A <Y 58S — 3, (FHE M4 1 95.62%.
Bl R Y AR R BB RIS B e, Mo 2 g
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A YS8S KKKy 6.2 mm, K5 LA 2.9 (K] 4), HEREA
AR LEA RN 29%, K5 LLIE N T 51.7%.

29t
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RIS T o RIS Fhmic fE R R g AT A,
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AR R 158 HREAM LK ER I 29%,
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R AN T BT — AR DA I &5 AT 4 W7, AT
KK T TAEE, %5 Aol n] AESBh & rp 1
FRLFINH

58 5 Al il B & A A R A 2RI i
(RS AR A% A FRRR A SCA 4R S IR (AT A, 2011),
BCE A ARG AT AR A 1 RIE BT R 2R
FT &8, 2004; Z27E7NEE, 2004), RAD (Reduced-rep-
resentation sequencing) Wl />, 1 4 —Fofr i 44, J [5] 4
FPHAR, e 10 25 BRI IR 4 1) 52 2% 5, Bt L 8 0%
HOREA AT I o A8 AHIE S b E R AE IR
2 U B33 7 AL 5t YS8S WA AR, M
G R 5 F A id AT 8 SR P — M R AT 3 AR
(I R 2R T 55y, 2004; 215 A4, 2004; B3 T4,
201 1) A FH M P E A IR T Rk F , Hadk b T )
Oy FhRic AT TS e £ TR KB A, AR5
R 53 Fhac i S AR A I S , 223 RAD U4
AT, /> B NI BB EAT 5 B2 A S 5, T A
BT TR Z AR, AT EEAE R 34T
REVERMZE RN, TAER D, &5 F stk afi il 5, X
X RIIE B T2 — MR IR K

3HH 5%
3.1 kA

LS AT qGL7e FER RIS N HEMACE A, &
qGL7d ) Y588’ Ay B [N 5% A X} < Y588 1 47 i Y
MR

BEA RIS CHR BN 7 2R Y58S 7, %t Bl fil 72
WA T E, UG 76~97 do 168 I E M,
DASLINCA 3, AN R AR AR T 23°C 0 KRR I« i
KF 793%, KK 70.9%, K5 K FK 66.8%, Fi K
6.2 mm, K5 Lt 2.9, A ki KFE S IR 5%, S
J£ 0.8%, 3 WIE 2 2, ki E 7.0, KA EE 66 mm, 1
FEVER & & 13.7%, AT & 11.0%., — % 667 m?
ZhH 5 300 kg

A RIS i B 5 R bl 75 R A
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2 482 655 21 582354
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Chrl Chrd Chrd Chrs Chré

3RAERY 1587 ;f.é@ﬁ:tm
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W KB B AR 1587 BERAL S LR S AR YS58S” — 3 AR X B BERI41 S ‘R15°—3L

Figure 3 Chromosome comparison of 'Shenhuaxiang 15S'

Note: The gray intervals: Genomes of 'Shenhuaxiang 15S' are the same with its recurrent parent 'Y58S'; The black intervals: genomes

are the same with 'R15'
‘ §
i i

|

\

A B
[l 4 i 2% LG
T AR 1587 B Y588
Figure 4 Comparison of grain size
Note: A: 'Shenhuaxiang 15S'; B: 'Y58S'

VEMpRERRES, BB W 120 do K B K 80.0%,
K F 60.7%, K5 K F 50.8%, ki K 7.8 mm, K B b
3.3, KRR, FREE 10%, Y 2%, B 1 4%,
TR 6 2%, IRAAEE 50 mm, BELAEER & & 23.0%.,
3.2 SV A FHRIEHF X

DNA HIHEBCK A CTAB (5K B 4E, 2004), $2

IO SUH) DNA T2 08I0 TF A Ranill & fij f 5%
24 M 7> RAD (Reduced-representation sequencing).
SRAR B JE AR h AR L DR 56 1, A1 H Tlumina
Hi-seq 4000 BEATIT . 2 BIHFFCFIF 23 7 hic @ Air
BT 7 SR B QTL ¢6GL7, LU H A
&’ 2% 7%, M H NCBI (http://blast.ncbi.nlm.nih.
gov/Blast.cgi)f  H AN A1 R15 AT RIYELEXT . A
WFFCTT R T HoB 1) 7 FArid R072774 . FIH Primer 5
w519, RO72774 5147401 °F : RO72774-F: CG
AGCACATTCAGTTTCACT ; R072774-R : AGATCC
ATGTCTCTGTCTCT.
Gr T AR R I PCR S M AA 2R 4 - 10xTag Buffer
2 pL,dNTPs 1.6 wL,R072774-F 0.2 pL,R072774-R
0.2 L, DNA 4% 100 ng, Tag i 0.2 pL, ddH,0 N4
20 pL. PCR 341 F:95C 5 min,95C 30s,55C
30's,72°C 1 min 35 MEF, 72°C 5 min, {EMSEA S
HRARP AT
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SEPRIBER AL ho A PN EC SRR : 705 —AX H bR bk
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2R IR RIEAT 5 2448, F, . BCF,.BC,F, i tH 1)
¥ ZFH RAD (Reduced-representation sequencing)ill
JPEAR AT HE R A1 St IE£E(B] 5). RAD Wl 745 AL LA
a/b/h FAT RN . i, a R RIS I FE R 41257,
b K7~ YS58S’ HSER AR A, h KRG (1L R 2 2R
A DL bh AV RIREA Y58S” FE A 21 KA AE B A FE [
AL AT 7 0 BB R /N A A AR e AT IR 4 ik
TEFE beh 05 LU AR R T IS5 82448 . BCJF, &0t
—IK ARG, &5 FARICK I & RAD )7, 48 5
AR AR A 11 co )5 AR B R 41 seimiein
FIREA  YS8S Al G ik &, B A B R 58 AR 3R

1E& STk

R ZESEAN R WY JE AT S 1) S8 Ve vl RS
WEFEANAIRAT N 5 58 B 70 M » 18 SCRIRR 15 41 5
ZEPEME RN B R R CBERH R A A i AT
A 25 5 vt W 25 R s sk L 5
AR 1 24 A T I H AR AR 3l ) 5 R A A
AEIUH AR TTN, $8 S S g vevt, 2 o0 b s T A 4%
TR ST, WS EAERME S, AR Y B F
EIFSE=22 3103 e NS

| RIS |T| V58S |

®
[ F(co) |I| Y58S |

[ BC/F, (h) |I| V58S |

[BCAF, (h) | T [ Ys8s |

[ BGSF, (h) |T [ vs8s |

®
K 5 SV 731 hric e RAD 74 Bh i £ Y 58S ™ B ) i )
R
T BRI S TG RAD 7 (R AC L
Figure 5 Improvement procedure for grain size of the "'Y58S' by
SV molecular marker and RAD-seq assistant selection

Note: Labeled gray progeny: Algebra of RAD sequencing
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AB S AR YT R T4 350 H (CXZZ22015033-
0171810060 IRYIEY) 7 5 BV A H A LRESL 46
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THI(2015BAD02B01-7)JL R % Bl
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