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Abstract

To fit for the rotation system in central and southern Taiwan, rice farmers prefer

growing early maturing variety. Although there is an early maturing local variety

available, Da-lu-xian, its grains need to be stored more than six months before

procession. Thus, the purpose of this study was to transfer low gelatinization

temperature (alk), high spikelet number (SPIKFE), and glutinous (wx) genes from

Taikeng Waxy No.1 variety to Da-lu-xian with marker-assisted backcross selection

method and to select early maturing, suitable for processing, and glutinous lines of

indica type rice. In this study, we successfully developed three SSR markers closely

linked with target genes, alk, SPIKE and wx, respectively. Correspondingly genetic

distances between markers and genes are 0.12 ¢cM, 0.26 cM and 3.66 cM. We screened

49 polymorphic markers from 252 SSR markers and at least four markers for genetic

background analysis were distributed on each chromosome. At first, we confirmed F

hybrids with markers of two target genes and then performed foreground selection and

phenotypic selection based on days to heading and plant height, for 87 BCF; plants.

Then, we carried out foreground selection and phenotypic selection according to days to

heading, plant height, spike number and grain number of principal spike, for 278 BCyF

plants. Eventually, we selected ten superior BCF; plants to produce BCoF» seeds.

Besides possessing three target genes, these superior plants have normal fertility rates
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close to the recurrent parent. No decrease in fertility rate was found which often

occurred in a cross between indica and japonica type rice. Furthermore, nine out of the

ten selected plants had similarity less than 85% of genetic background in the recurrent

parent providing qualification for plant variety right without the limit of essentially

derived variety. In this study, we adopted a new breeding method of backcross

recombinant lines. That is backcrossing twice and selecting lines superior to recurrent

parent in terms of important traits. The effectiveness of the method has preliminarily

proved according to the result of this study.

Key word: Glutinous rice, Maturity, Spikelet number, Marker-assisted backcross
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Fig. 1. A flow chart of BRL (backcross recombinant lines) breeding method used in this

study

doi:10.6342/NTU201702427
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ALK ALK

(4 primers) (RGNMS2176)
< 400 bp
< 800 bp < 300 bp
< 500 bp
< 200 bp
P1 P2
P1 P2
SPIKE
(RM17483 : RM17486)
< 300bp
< 200 bp
< 100 bp
Pl P2 P1 P2
Wx Wx
(P484+P485) (RM4332)

< 200 bp

Bl P2

<« 100 bp

Pl B2 1 2 3 -4 5 6 7

W=~ AP ER 20D AT Rl A5 s

Fig. 2. Selected markers linked to 3 target genes
FECPL A SR LB P2 5 fh 127 5 TR Fre R4tk
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« 300bp

<« 200 bp
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6743 kb 6748 kb

| !
| RGNMS2176 | \ ALK \
— 50 kb —
0.12 cM
31215 kb 31262 kb
| |
| SPIKE | | RMI17486 |
— 47 kb —
0.26 cM
722 kb 1766 kb
| |
| RM4332 | \ Wx
—  1044kb  —
3.66 cM

Bl= ALK (A)~ SPIKE(B)2 Wx(C) %= B P AT 25 F EH A F 50 2
P32 i} @ ERA T R B
Fig. 3. An illustration of distances between foreward selection markers and targeted

genes, ALK (A), SPIKE (B) and Wx (C)
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A TR AN L 20% 0 A AT 101 A 3 EIEAREEY 5 12 154 ¢ M
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%- ~101 % SSR A F Rk 5 A2 H ikt 4 d M2 A
Table. 1. Polymorphism analysis of 101 SSR markers distributed on each chromosome

of rice

Chromosome

1 2 3 4 5 6 7 8 9 10 11 12 Total

Tested markers 6 10 6 9 6 6 11 6 12 6 10 13 101
Polymorphicmarkers 5 4 4 4 4 6 5 4 5 4 6 5 56

Polymorphism (%) 83.3 40.0 66.7 44.4 66.7 100 45.5 66.7 41.7 66.7 60.0 38.5 55.5
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Chr.1 Chr.2 Chr.3 Chr.4 Chr.5 Chr.6

00— 0.0— 0.0 0.0~ 0.0 0.0~
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Fig. 4. Physical map of foreward and background selection markers used in this study
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Fig. 5. Validation of Fi hybrids with molecular markers
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2.BCiF1 & A2 FR

o fFfite 0 87 tk BCiF1 ¢ » 12 RGNMS2176(& ALK 7k Flif 48) »
RM17486(%2 SPIKE # F1:if 4%)% RM4332(%2 Wx £ Fli4f)% 3 20 5 ke (7
BRER BEHALY 250z H0 BRATIZ ATIIOE BB E(RS) T
B AU LR e T E0H Y ERRF A T RS B e d
0382 B H3T ~ #46 ~ #82 ~ #86 2 #93 £ SHERRMEE Y 2 < pEfL > ER

BCoF, f&+ -

Fo 2~ Mg p R R “f R4z 3w s FRiks 47 BClF 2 % 2 2 717
Table. 2. The genotypic frequencies of 3 markers closely linked with targeted genes in

the BC1F1 population

Total
Marker Genotype
H B
RGNMS2176 (ALK) H H H H B B B 28 56
RM17486 (SPIKE) H H B H B H B B 33 b1
RM4332 (Wx) H B H H B B H B 33 51
n 12 2 6 10 8 9 5 32 94 158
% 143 24 71 119 95 107 6.0 381 373 627

T IBAFEABEMATAME S HEAZTRARE ndakikk
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3.BCoF1 & e tR2_EBR

iR E A B A S ELH3T 1o 55tk ~ #46 15 % 19 R ~ #82 15 % 94 R ~ #86

{618 31 FRETHOZ (5 1R 79 Fh 0 £ 3278 BCoF  fEth » ¥ 12 3 e A F Rk 70 §
ER O BERETEY A0 WP RATFIZ AFASL AR E(RZ) TR
SHAR IS AT T p B EHRE s B TR Y R BA3T7-3T7
#46-01 ~ #46-04 ~ #82-36 ~ #82-41 ~ #82-60 ~ #86-16 ~ #93-34 ~ #93-53 % #93-68 =
10t(22)iemp 20 A4 BOF /3 o A3 135G 5 10 ) BOF a4 3
Sk P R#46-04 h 8TA%ILITIL i 87.5% 7 > AT R hie M @ F R
203 85% » H @ 1U#93-68 c1172.9% 5 B 0 {8 N 48§ L W aT A B fEeh

Y GRERE(R D) (B~ Bl 2 10 BRERE SR A 67-87%/
Moo AT R A R (S )T F A5 5 62% 82%% 84% 0
ARG AFEELAFERI N DR ORART IR AT FRE SR T ke
MAPITART F (AT ) @ 10 RERS b M 3F 2R I T HF ]
o (P £=0.048) - BT F mik A(X REAN)E BF F 2 iR G RIPRT F 0 F

MRS EFL THRE -
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Table. 3. The genotypic frequencies of 3 markers closely linked with targeted genes in

the BC2F1 population

Total
Marker Genotype
H B

RGNMS2176 (ALK) H H H B H B B B 129 138
RM17486 (SPIKE)y H H B B 142 125
RM4332 (Wx) H B H H B B H B 129 138

n 46 22 31 27 30 47 25 39 400 401

% 172 82 11.6 10.1 11.2 17.6 94 146 499 50.1

EIBAFEAEMATASE CHAFREALE iniT Bk

Few ~ JEE 10 $k BCoF etk fo 408 ~ 8% % ik

Table. 4. Days to heading, plant height and numbers of spikes in 10 selected plants in

BC,F; generation

ID Days to heading (day) Plant height (cm)  Number of spikes
#37-37 78 80 8
#46-01 78 90 10
#46-04 85 95 10
#82-36 78 85 8
#82-41 85 90 13
#82-60 78 90 8
#86-16 85 95 9
#93-34 78 110 7
#93-53 85 90 9
#93-68 85 85 8

17
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27 v BE2 10 3 BOF fithid @4 B g dp g

Table. 5. Genetic background composition and grain traits of 10 selected BC,F plants

Genetic background of Spikelet Filled spikelet

ID Fertility (%)
recurrent parent (%) number number

BC:F1
#37-37 79.3 841 719 85.5
#46-01 78.7 1199 1041 86.8
#46-04 87.4 1173 912 77.7
#82-36 83.5 1016 714 70.3
#82-41 79.8 1171 868 74.1
#82-60 83.9 1005 673 67.0
#86-16 81.0 1128 862 76.4
#93-34 76.3 679 566 83.4
#93-53 76.5 1336 1029 77.0
#93-68 72.9 1320 1149 87.0

X 79.93 1087 853 78.5
Range 72.9-87.4 679-1336 566-1149 67.0-87.0

Recurrent parent

#1 100 1146 962 84.0
#2 100 765 480 62.7
#3 100 607 497 81.9
X 100 839 646 76.2
Range 607-1146 480-962 62.7-84.0
WXL TR
18

doi:10.6342/NTU201702427



Chr.1

00—

4.2 —

12.3 —

— RM5552

— RM493

Chr.2

0.0 ~
1.0

12.7 —

15.9 —

T~ RM6938

—— RM13076

—— RM5812

19.0 ——— RM11054

31.0 —

43.0—U

— RM11656

Chr.7

0.0—

4.7 —

10.8 —

19.3 —

25.7 —

29.6 —

B+ ~ $h5i#46-04 22 BCoF) fethen +

— RM21107

— RM21384

— RM11

— RM1330

24.0 ——— RM3515
35.4 RM14197
35.9
Chr.8

0.0

1.2 RM1235

8.9 —1— RM22687
24.8 ——— RM23379
28.2~] |- RM4154
284"~

Chr.3
0 -

6.5 —1— RM2326
18.2 —— RM1940
21.2 —1— RM15352
25.8 —— RM6832
30.2 —— RM15893
36.4—

Chr.9

0.0

24 RM23736

44 RM23795
10.9 RM3912
20.7 RM6971
23.0

Chr.4

0.0

0.7 RM5412

8.6 RM16554
18.6 RM16820
30.4 RM5503
313 RM17486
355

Chr.10

0.0—)

3.5 ——— RM25011
8.9 ——— RM2887
17.0 ——— RM25545

22.4 ~|1- RM333

232w

el B e

Chr.5

0.0—)

1.2 —T— RM2010
10.8 ——— RM249
16.4 RM18451
22.6 —1— RM18828
29.9—U

Chr.11

0.0

3.8 RM26162

7.7 RM26343
17.3 ——1— RM26774
23.0 ——1— RM5926
29.0—U

Fig. 6. Markers basis genetic composition of the BC2F; plant #46-04
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Fig. 7. Markers basis genetic composition of the BC2F1 plant #93-68
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4BCoF2 & &+ 2 #5144 7R

dOTRASRET R ALK B G § R AR @ BT 113538 BCoR

fa+ avr g ud A T4 > 4 BCoFL B4k s By E p 2 #7182 BCoFofE+ ¢ >
ARFEF B A Sl o T AR B B AR SEER DI B B A
Fa it 2 2EAR Mk o o TR R Al T R T 2 ERBRRRA 0

gkl SR G PR b S kR S uaE sk o R R

N
el

Bk d REEFHE L AF BEAE S DEIREEE FERL
(Nakamura et al., 2002, 2005) » =¥ i = £ A1 & A& F]1 3|2 5t X WX L F)1# £ 0

PEAERII AR > w35 g is(Bl ) e £B BCoFo2 i ff+ £ 38371 4>

o

BRI E D 0 B G OREATIASES $1T 1863 4 0 AR AR ol &
%6508 :1863=349:1:F BT REARF ML - Fl2 ATT T 2 S
B A A IFEE S 2 BRELF > SR PRET AP RIT - % H ALK

B SPIKE AFliei7a BEH - v/ 3 7 fdses o
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(A)FRZE K %k

B)REehg e KE e,

ccanivtffisacocordacse &

B~ s 2Bk B (A)E R (44 d (B)iE He RIS I 2Ll 14 2. BCoF /83

Fig. 8. Tests of glutinous or non-glutinous BC2F> seeds with light transmittance (A) and KI staining (B) methods

22

do0i:10.6342/NTU201702427



AT RSP HRIET P ER - FRED SRS B8 R
2Rz ifet 2 rfad > BCilR 2 2w FaERE A AIER 0 2 BCoR v
ZmBERMEAANERZ BT F o T EKRNE FHEA T Z BCR
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(=) RM17486 £ <L #ichd B} 2 ik 2

4 BCoF1 2 ¢ » 4-% RGNMS2176 ~ RM17486 ¥2 RM4332 = % A& %4 iz &
% HHH 22 HBH s thit (73 - S T = {8 & 0 ik RM17486(2
SPIKE A Fladt 4 )eh A 714 4 & B (& A Efidp ) H e (R A% 8) B %7
HHH 2 HBH 2. - S L T3 A % % 1005 2 961> @ = =t il T A W %
2662 2 2477 > T¥a- L A W 5 262 %2 260 (% =)o A u¥- & ~ - i
Bl R - IBH T S kHKEFEE TR RITHPERAE S 022
0.26 2 0.92 7 % 95% 5 w-RE T30 RgF (& =) 7 wafm gy BCFL%HY
SPIKE A Fleh A FIA| B £ B » $— =~ = SR A8y T 0= X K B 7
BE B RFV a5 BCoFi2 2 SPIKEAFIRE G 0 Lehife @ hfkh
AP DiEET 2 AR EE S FRE ) 7 BCoFo iR R A TR E

0~12 25, > ¥H-HFI KL TR

%7 ~BCoFitEth2 7 IF RM17486 4 + 1:38(2 SPIKE A Flif 4)) 28 F14 2 s #c
L

Fig. 6. Comparison of branch number between different genotypes of RM17486 marker
linked with the SPIKE gene

Number of branch Secondary
Genotype (RM17486) n Primary Secondary branch no.
branch branch per primary
H 37 10.05+£1.79 26.62+5.47 2.62+0.4
B 31 9.61+1.26 24.77+6.67 2.60+0.8
P-value 0.26 0.22 0.92

ind T B CHEZTREALL S BEAAEAEAATAE
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<« 400 bp
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PIL P2 1 2 3 4 5 6 7 & 9 10 11 12 13 i4 15 16 17 18 19 20 21 22 723
B4 ~ 243 5 RGNMS2176 4 47 BCiF1 & & 48 thz 384 T 4 B3
Fig. 9. Partial electrophoresis patterns of BC:F; plants amplified with marker RGNMS2176
Pl S SAUAR 1B P2 5 A kEfn s 1-23 5 23 R BCoFr & 4k
ALK
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< 400 bp
< 300 bp
<« 200 bp

1 2 3 4 5 6 9 § 9 10 11 12 13 14 15 16 17 .18 19" 20 21 22 23 24

B+ ~ A 3 8 RGNMS2176 4~ 47 24 &~ pafhz T 4 Bl
Fig. 10. Electrophoresis patterns of 24 recurrent plants amplified with marker RGNMS2176
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Fig. S7. Markers basis genetic composition of the BC2F; plant #93-34
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Fig. S8. Markers basis genetic composition of the BC2F; plant #93-53
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Table. S1. Genotypes of 3 markers for foreground selection in BC1F; generation
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Table. S2. Genotypes of 3 markers for foreground selection in BCoF; generation
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Table. S3. Primary and secondary branches of partial plants in BC,F; generation

ID RM17486 Primary Secondary Secondary branch no. per primary branch
branch branch  #1  #2  #3 #4 #5 #6 #7 #8 #9 #10 #11 #12 #13 X
86-3 H 9 27 3 2 3 3 4 3 4 3 3.00
86-13 H 9 22 0 2 2 3 2 4 3 3 3 2.44
86-16 H 8 16 1 0 2 2 3 3 3 2 2.00
86-21 H 11 29 2 2 2 3 3 3 3 3 3 3 2 2.64
86-23 H 9 23 2 2 2 3 3 3 3 3 2 2.56
46-1 H 10 30 1 2 2 5 5 4 3 3 4 1 3.00
46--2 H 10 19 0 1 0 3 2 2 3 3 3 2 1.90
46-4 H 12 43 2 2 3 4 5 3 4 5 4 4 4 3 3.58
37-37 H 11 30 1 2 3 3 3 4 4 3 3 2 2 2.73
82--2 H 11 33 0 2 4 4 4 3 4 3 3 3 3 3.00
82--4 H 11 36 2 2 4 5 3 4 4 3 3 3 3 3.27
82-22 H 10 25 0 1 2 3 3 4 3 3 3 3 2.50
82-23 H 9 27 3 3 3 3 2 3 3 4 3 3.00
82-25 H 9 15 0 1 2 2 3 3 2 2 0 1.67
82-28 H 9 26 3 4 3 4 4 4 3 1 0 2.89
82-36 H 11 26 1 2 3 2 3 3 3 2 3 2 2 2.36
82-41 H 12 33 1 3 3 3 2 3 4 3 3 3 3 2 2.75
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Primary Secondary

Secondary branch no. per primary branch

ID RML7480 “pranch  branch #1 #2  #3  #4  #5  #6  #7  #8  #9  #10 #11 #12 #13 X
82-47 H 8 18 0 1 3 2 3 4 2 3 2.25
82-59 H 13 26 0 1 1 3 2 2 3 2 3 2 2 200
82-60 H 11 25 1 2 2 2 2 3 3 3 3 2.27
82-68 H 11 22 1 1 3 3 2 2 2 2 2 2 2.00
82-71 H 9 27 0 0 2 5 4 4 4 4 4 3.00
82-93 H 24 3 2 3 2 4 3 2 3 2 2.67
93-1 H 11 29 0 1 3 3 4 4 4 3 3 2 2.64
93-8 H 12 29 0 2 2 3 4 2 3 3 3 2 2.42
93-11 H 2 17 0 3 1 3 3 3 4 2.43
93-12 H 10 29 2 3 0 3 4 4 4 3 3 2.90
93-16 H 11 32 2 3 2 3 3 4 4 4 3 1 2.91
93-17 H 10 24 0 1 3 3 3 3 3 3 3 2.40
93-21 H 9 26 1 3 3 3 3 3 4 3 3 2.89
93-27 H 11 29 1 2 2 2 3 4 3 3 3 3 3 2.64
93-32 H 10 29 0 2 2 3 4 4 4 4 3 3 2.90
93-34 H 11 30 4 0 2 4 5 4 4 2 3 2 3.00
93-45 H 12 29 1 1 2 3 3 4 3 3 3 2 2 2 2.42
93-53 H 11 26 0 3 2 0 4 3 4 3 3 2 2.36
93-60 H 10 24 0 0 3 1 4 4 2 4 3 3 2.40
93-68 H 10 30 1 2 3 4 3 3 3 4 4 3 3.00
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Primary Secondary

Secondary branch no. per primary branch

ID RML7480 “pranch  branch #1 #2  #3  #4  #5  #6  #7  #8  #9  #10 #11 #12 #13 X
86-6 B 7 41 3 3 5 7 5 6 5 4 3 4,56
86-10 B 11 23 3 2 1 1 2 2 3 3 2 2 2.09
86-14 B 10 20 0 0 1 2 2 3 3 3 3 3 2.00
86-19 B 9 21 0 2 3 4 4 3 2 2 1 2.33
86-29 B 11 29 1 1 2 4 4 4 4 3 2 2 2.64
46-15 B 11 24 1 2 0 1 1 4 2 3 3 4 2.18
46-16 B 10 25 0 1 3 2 4 4 2 3 3 3 2.50
46-23 B 10 19 1 0 1 3 2 2 3 3 2 2 1.90
37--1 B 32 4 4 5 5 6 4 4 457

37-10 B 8 24 1 4 3 4 4 3 3 2 3.00
37-16 B 11 29 1 4 2 2 3 4 4 3 3 2 1 2.64
37-26 B 24 3 2 3 3 3 4 4 2 3.00
37-30 B 26 2 4 2 3 3 4 3 3 2 2.89
82-7 B 10 31 0 1 4 3 4 4 4 4 4 3 3.10
82-9 B 11 21 1 1 1 3 2 3 3 2 2 2 1 1.91
82-10 B 11 23 0 1 1 3 3 3 3 3 2 2 2 2.09
82-11 B 10 21 0 2 1 3 3 3 3 2 2 2 2.10
82-24 B 7 26 1 4 4 5 4 4 4 3.71
82-44 B 11 26 1 1 3 3 4 4 3 2 2 2 1 2.36
82-56 B 10 19 0 1 3 3 3 2 2 2 1.90

54

doi:10.6342/NTU201702427



Primary Secondary Secondary branch no. per primary branch

ID RML7480 “pranch  branch #1 #2  #3  #4  #5  #6  #7  #8  #9  #10 #11 #12 #13 X
82-72 B 9 22 0 0 2 4 3 3 4 3 3 2.44
82-73 B 8 21 2 2 3 2 4 2 3 3 2.63
82-81 B 9 16 0 3 1 2 3 2 2 2 1 1.78
93-26 B 10 39 5 2 2 5 4 5 4 6 3 3 3.90
93-29 B 9 22 2 1 2 3 3 3 3 3 2 2.44
93-31 B 11 37 4 2 3 3 4 4 4 4 3 3 3 3.36
93-35 B 11 24 0 1 2 2 4 4 3 2 3 2 2.18
93-36 B 10 32 4 3 3 3 4 4 3 3 3 2 3.20
93-43 B 10 27 0 4 1 2 3 4 4 3 3 3 2.70
93-59 B 9 12 0 0 2 0 1 3 2 2 2 1.33
93-70 B 10 12 0 0 1 1 2 2 2 1 2 1 1.20
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