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(2007) K Romkens et al. (2009) Y55 #4545
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et al. 2011) ~ gCdp7 (Abe et al. 2011) FHEEH
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S R R B SR LA “Akita 63" —F > H9(EE
7 NET ERAEEE 153 bp K HEE -

BE1% - #£ Takahashi et al. (2011) W52 >
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#TCS10.7_3 1
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Fig. 1. The breeding scheme of introgression of
qCdT7 locus and different segment lengths of chromo-
some 7 from ‘Taikeng 2’ to ‘Taichung Sen 10’ by mark-
er-assisted backcross selection.
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A B DA R 5 R AR R U T RE 1 AR
B R EH B SUB AT R OsNRAMPI FERFE 5°UTR
&I _F 406 bp Ay InDel 274 (Takahashi et al.
2011) » KRR N ERIE (The Rice An-
notation Project Database, RAP-DB) T & f#
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et al. (2016) WL > OsHMA3 FREN
Fit 4R 5 0 e s B C R 28 51 (e B e i B
SR EZFIIGEN > B 7 AT LA
% 153 bp i » #5M1 Yan ef al. (2016) WZE R
{ A N B A 5 [F R7mf1 B2 R7 #E(TE Fr H IR
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% Wu et al. (2013b) £FK4H InDel E4H » i
A2 8077 £ PEBE I i o 08 4 SSR AR ZE 07 BE T

HGISEE OSNARMPI THAEHESE 2 LIRS - 1

Table 1. The genotype of Taiwan current cultivars, which listed by the percentage of cultivation area, for the link-
age makers of OsHMA3 and the functional marker of OsNARMP1 locus related cadmium accumulation.
OsHMA3 OsNARMP1
locus locus
Variety Abbrev. Subspecies RM21263* 153 bp” CdT-E* NARMP1
Tainan 11 TNI11 Jjaponica A + A A
Taichung 192 TC192 Jjaponica A + A
Taikeng 14 TK14 Japonica A + A A
Taichung Sen 10 TCS10 indica B + B B
Taichung Sen waxy 2 TCSW2 indica B + B B
Kaohsiung 139 KH139 Jjaponica A + A A
Taikeng 2 TK2 Jjaponica A + A A
Taikeng 9 TK9 Jjaponica A + A A
Taitung 30 TT30 Jjaponica A + A A
Taikeng 16 TK16 Japonica A + A A
Taikeng 8 TKS8 Japonica A + A A
Taitung 33 TT33 Japonica A + A A
Taikeng 4 TK4 Japonica A + A A
Taikeng waxy 3 TKW3 Japonica A + A A
Tainung 71 TNG71 Japonica A + A A
Tainung 67 TNG67 Japonica A + A A
Nipponbare (low check) Japonica A + A A
Habataki (high check) indica B + B B

“ The genotypes A and B indicated the amplicom size of RM21263 marker for ‘Nipponbare’ and ‘Habataki’, respectively.
¥ The positive sign indicated the complete sequence of 153 bp at the exon 7 of OsHMA3 gene.
* The genotypes A and B indicated the amplicom size of CdT-E marker for ‘Nipponbare’ and ‘Habataki’, respectively.
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FERIFE 78 ‘Habataki® ~ (K47 BREMERELE &
BET1SR, R TE Al 10 57, RREER e
M2 5% Bt R e Al 10 5% ¢CdT7 & 5

rere

]

66 % 531

s (%) 0 W AE & N DAEEREIFE 2 17 2 Pk (0.56
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ks > B EIE e MO B
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)EH o
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Ep IS - B AT 20 1% - BRETTIEFHEY -
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FoBZ o BN AR T DU RAE E AR ERAE
F AT 1-2 d > DLEHE 39 98 SRR (fi
B> 12% N GEERKGARAE S
Hti 3 200 kg ha™ ;25 2 ZCAE G F A L& 1
wk EI/KFEEGERR) » DLE BERT % (R > 21% N)
Bt 200 kg ha™ : 55 3 XAt A fE Rl 1% 34
wk (BIZKFE 7 B2 HH) » DL AR #% H & 200 kg
ha' s 55 4 JORTEAR o HE AR R 4T 8 wk
&S5 > DL AR 39 9518 & ALK & 200 kg
ha' > &%F 132 kg ha! (V& Z -

TIREEREEESE 0

N E N R W = = o o Y i ol [ M N
HUER S em ~ 15 em FAF o A 5 4 J
§z o DIRBUE AR R 6 - 48 0.5 mm &4 - &
FREZF BB RET - (18 1 TR S I i i
F o A B8R o3 AT (R BR MUK W B £ ACOB LA #E
T dmEAL > P e IR DLRUE RS & AL
% (Ultima 2C, Horiba Jobin Yvon, Irvine, CA,
USA) HIESRRE - fif220[E Romkens et al. (
2009) B o 112 i Z A HE RS m A i A
HATHUE - BERE ~ H B3 eEs - ok ey
i AT b Se DB KA 7 &5
L 18 AR i DA 25 PR BG BT Y - S B I BE S > FE LA
LTS » BABFE DL 70CHEEZ 2 R S g
H - BHEBE LSO - BEE % IRERE
BEATE L% (Agilent 7500C, Santa Clara, CA,
USA) HIEHRE » Hoffi2/raE (Rom-
kens et al. 2009) £l ©

TBESEEREKIRRIGRET]

15 L Bk FH W& 6905 4 W) K %5 HF 8 R B VK 1T
A NI R BRI EE LAK R8s,
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o o) R (LA O A o FHI ] R R P B B2
THELARBEEER > Qe b5
TTEL M ST BB - B8 B NS T
AR EE 3RS (Cd,,py) ) BLHEC TEREEEL T 118
PR (Cd,,,) ) HYEL{E » B A W1 U8 46 15 B
(bio concentration factor, BCF) :

BCF = Cd / Cd

sample soil

oA 2 AE Y)Y R W RE 7 (Zhang et al. 2014;
Lin et al. 2015) » DAL T2 88 & dn A [ 45T
tRE
EEREE

5 R A 22 5l i 2 E 1 L g Y G Y IR ER
B e A E Rk B & XHL 6
tRi A E B IR EES 8 L 40CHZ
f 2 13% EKE 14 3 & Bk 4R B8 B B
REZE - EBBNERE ST (num-
ber of spikelets per panicle) ~ G FHE (pani-
cle number) ~ & & 3 (fertility percentage) &
THLE (1000-grain weight) % & i fl LAFH & 2R
BB S YA BT ECEE RO T EUAR B AIAE 70°C
Htez 2 NE% - FEEEEGYE - M ERER
8 (harvest index) HIl 73 Al HU £ BLAR 4R KL 28 B
eikEZE (RI4EM B B E 8 2 R0 ZLE
-

RVRRIRET DT

BB R T e DL R GRE RS Y Tag-
ricolae; EH#ETT% 7557 MT (analysis of vari-
ance; ANOVA) & i€ » % 8 [N 15 72 B % /K 4
% » B/ NEEEE NS (least signif-
icance difference; LSD) ¥ i F ] iy 2= 2
BEFIEEN - T HERREZEM e
RIfEF R st #EES iy "geoR, ~ Mattice; k2

NatticeExtra, B » HIERAR B & R B ¥ &1

573 AT T A T ) R R S A A 1 e B AR
B A TEORIME > i & A Tevelplot, &} %
BB AT ] -

HE R ELET
AL T A RO P B R R A

W KR OsNRAMPI ER 75 > BiTH % H—
MHEIhgEEIESE > A DL ‘Nipponbare’ B ‘Habat-
aki’ 77 pIfE BK - S8R R EIRGE - 73 iTE
N & B i fl OsNRAMPI 38 EFEH R A « 3%
HIHAEMES [ T-HRi% OsNRAMPI #:[R 5’UTR HY
F s 0 ARHL ATG 7ij-1473 FE-1068 i~ 406 bp
KR B MHBR 2 RE - K58 RS E Y RN
652 bp > =87 RIEALAE I &y 246 bp ([8 2) - M
B 13 T AR G - B 67 5%
5 81 ‘Nipponbare’ 7 A 1 [F] K #7 & & OsN-
RAMPI $HEFLRA > MRIFE & 5 Al 10 5%
B TS TRl 2 5% RIS 8% 2 g fE Habat-
aki® WYRERIRI—E o BURE] A RS L AR R R

RE I R B E (A - A ZE 2
FlifEsnfE (TCS10, TCSW2) YR ERHEZE IR
SmEREEA (R -

£ Guo et al. (2007) Ei

Romkens et al. (2009)

B 2. /KRG OsNRAMPI FERFIA3HT » THEE MR SE
NRAMP1 #H % H K 5°UTR (&5 B 406 bp % HjE -

RElE R R s BRI RN - Het P

HAER E 3 7l By ‘Habataki’ ~ ‘Nipponbare’ ~ & &
71 514‘1 ~ TEHREE 2 5%, TE RN 1058 ~ TERE 2 58

B Sh 2B Al 10 58 qCdT7 ©

Fig. 2. The electrophoresis result of functional marker
NRAMPI illustrating PCR products with tolerant and
sensitive alleles at OsNRAMPI locus (m-gel marker:
100 bp ladder). Lanes denote 1. ‘Habataki’, 2. ‘Nip-
ponbare’, 3. ‘“Taihung 71°, 4. ‘Taichung Sen waxy 2’, 5.
‘Taichung Sen 10°, 6. ‘Taikeng 2’, and 7. TCS10-¢C-
dT7, respectively.
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HIBH 7% o SR B A FRS S AR A 8 B AR ML R
FmfE e HEF S > HpaaET 'S0 5t
LM T RGO A SRR E ¢CdTT
BEET 4 {EMERER (E3) » HETHEA
FlIG St e = BRI T B OsNRAMP1 F: R f#
BHonEEER - Wit ARBELEE
# TEHARl10 9%, 57 SRR L gCdT7
R _EHY4HRE - B R KR R R RE SR
ES > [E7% DL NRAMPI #2551 By iz AL R T Ae
MEREE
#— 5 8 qCdT7 BN BN 7l i 7 &
OsHMA3 H R RN EHEER - BRIk
AR EPAFEROE 2 eI A B - (RIB AT AW 92 8
o0 RS S TE OsHMA3 BB FR R4 8 1A B
I e 6 - 0 o R A R B 0 o i T oy
Fl17RE5 i R 1) K O 8l 1y 1 (S A 38 2 B Y

o

oot 3

I BT TEHRl 10 5F ) FEAR E UL (Os-
NARMPI) ZEREEHEERE ] (OsHMA3) 197
SR RAEFR RAEAVRE ST - RS b 2 (A
HE RS 2 RIAE mAE > oDl OsHMA3 B

DRI 5% B g A = (RM2163 ~ CAT-E) HEr

PN

HMAHAMER (R D LA HBER G
2 9%, BEiE TGP 10 5%, » IRMERNAD -
PR T B R o (H1E OsHMA3 5 7
WEAT I 153 bp GhARENEFER » Br 6
2 5% FREfGMTES S Nipponbare’ 7575 18
G B EERA > FERFTHER B2, B e
Al 10 5%, - OsHMA3 £ K B A [ 38 H 40
A o PLASSRAOERIRS IR24 > BAFERS SR A
FHIE OsHMA3 (K R REEHEE A —2 (Miyadate
etal 2011) -

SANIMER TE Rl 10 5% (KRR BEE A

-
Q
& 3e S 0
S & 3383 I &, I 8 3 58 238 2c
= o ~ K ~ T S WX = = ~ < ~ K ~ N~
a S B8 8 S%L%48 3 8 = 83 323
Marker name © ¥ x & zOoOdOocrx @ Z @ @
/ |- \ )
CH7 | [ |
Genetic interval (cM) | | | I | | |
0 20 40 60 80 100 120 140
QTL R CdT7
Gene* A OsZIP8, 7.37 Mb
A\ OsHMA3, 7.38 Mb
M\ OsNRAMPS, 8.82 Mb
A\ OsNRAMP1, 8.93 Mb
Tcs107. 1 (O . C T 1 [ [ 1 1
Testo7 2 (C T THNEN | | | I [ [ [ |
Tcs107.3 (T THE | [ [ 1 [T
TCS107 3 1 (T T | [ [ 1 [ D
(TCS10-gCdT7)
— ||
Homozygous Homozygous Heterozygous
TCS10 TK2

3.
qCdT7 N 4 (f#7 R FAHRENIVALE. -
Fig. 3.

[ TSl 10 5%, 5 7 SRR R BREIR A B AR (Wu er al. 2013a) - WEHEYI] QTL FRAE

Graphical genotypes of ‘TCS10’ stepped aligned inbred recombinant lines on chromosome 7 (Wu et al.

2013a), and illustrated the relationship among four known genes and major locus ¢CdT7.

“Locus ID and its reference: OsZIP8, Os07g0232800 (Ramesh et al.

2003); OsHMA3, 0s07g0232900 (Ueno et al. 2009, 2010; Mi-

yadate et al. 2011); OsNRAMPS5, Os07g0257200 (Ishikawa et al. 2012; Ishimaru et al. 2012); OsNRAMP1, Os07g0258400 (Taka-

hashi et al. 2011).
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Fig. 4. Spatial distribution of cadmium concentration (mg kg'') in the Haoli paddy field. Samples of surface soil
were collected at 51 sites in the first cropping season of 2015, and different marker symbols indicated by solid tri-
angles, hollow circles, hollow triangles, solid squares, solid circles and solid diamond were applied to soil samples,
‘TNG771’, ‘Habataki’, “TCS10°, “TK2’ and “TCS10-¢CdT7’ individuals, respectively.
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(Ramesh et al. 2003) B OsNRAMP5 (Ishikawa
et al. 2012; Ishimaru et al. 2012) (& EEHEE
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yadate et al. (2011) W52 IR HERR OsZIPS &
qCdT7 F:R N Fa12e 87 R R R B A FE AN -
M Eaft 2 BRAESREAE AL ~ MR Y B 2R
R AR R > (AT E— D FEHE R i
RNA K S MERLAE L m & EAYDIREMNE -
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"Bl 10 5%, qCaT7 b B AR BLE At S A E S AE S B Ar_E SRR VIR (R BIARET b - BoRUcER

Comparisons of bio concentration factor among ‘TCS10’-¢CdT7, its parents and other two cultivars in four

biomass components. Data were collected in the first cropping season in 2015.

Bio concentration factor

Variety/Line Subspecies Root Shoot Brown rice Husk
Habataki indica 4.0478 a” 0.9215a 0.3706 a 0.0969 a
TNG71 Jjaponica 2.9924 b 0.3637 d 0.1251 ¢ 0.0738 ab
TK2 Japonica 2.6685 be 0.3931d 0.1124 ¢ 0.0721 ab
TCS10 indica 4.0234 a 0.6212 be 0.2667 b 0.0913 a
TCS10-¢CdT7 indica 22242 ¢ 0.4667 cd 0.1540 ¢ 0.0562 b
LSD s 0.7116 0.1548 0.0488 0.0282

“ Values are expressed as the mean of six plants and means within each column followed by the same letter(s) are not significantly

different at 5% level by Fisher's protected LSD test.
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Table 3. Comparisons of plant height, biomass dry weight and yield components among ‘TCS10’-gCdT7, its par-
ents and other two cultivars. Data was collected in the first cropping season in 2015.

Plant height Panicle Spikelets/ Fertility 1000-grain ~ Shoot dry Root dry Harvest
Variety/Line (cm) number panicle (%) weight (g)  weight (g)  weight (g) index
Habataki 96.0 b* 13.8 ab 1533 a 88.4 ab 2330¢ 34.8 bc 9.6 ab 0.56a
TNG71 983 b 15.7a 78.6b 81.0¢ 25.48 ab 313c¢ 6.6c 0.45c¢
TK2 1122 a 158 a 920b 920a 24.63 b 46.5a 10.6 a 042c¢
TCS10 109.7 a 11.8 ab 139.6 a 88.9 ab 26.18 a 43.8 ab 7.7 be 0.48 be
TCS10-gCdT7 107.7 a 11.0b 156.6 a 86.3b 26.16 a 36.6 abe 6.6c 0.52 ab
LSD, s 5.19 4.1 26.7 5.1 0.87 11.0 2.5 0.06

“ Values are expressed as the mean of six plants and means within each column followed by the same letter(s) are not significantly

different at 5% level by Fisher's protected LSD test.

Taikeng 2
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Fig. 5.
(‘TCS10%). Bar is 10 cm.

Comparison of morphological characteristics between novel line (TCS10-¢CdT7) and recurrent parent
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A Novel Indica Rice Breeding Line Selection with Low
Cadmium Accumulation Level by Functional Markers
Assisted Backcross Strategy

Pi-Jen Wu", Yu-Wen Lin**, Charng-Pei Li’, Chien-Hui Syu’, Woei-Shyuan Jwo’, Hsing-Mu Yen’,
Horng-Yuh Guo®, Ming-Hsin Lai’, and Dong-Hong Wu*"

Abstract

Wu, P. J., Y. W. Lin, C. P. Li, C. H. Syu, W. S. Jwo, H. M. Yen, H. Y. Guo, M. H. Lai,
and D. H. Wu. 2017. A novel Indica rice breeding line selection with low cadmium
accumulation level by functional markers assisted backcross strategy. J. Taiwan Agric. Res.
66(3):248-260.

The goal of this study was to improve the genetic uptake factor in indica rice cultivars through
introgression of a japonica DNA segment that limits Cd accumulation. Our strategy was to screen the
genetic potential of Cd uptake in Taiwan cultivars using a functional marker, to develop a novel indi-
ca line by marker-assisted selection, and then to evaluate the genetic improvement of the target breed-
ing line under field conditions. Genotyping with the functional marker of OsNRAMPI showed that
the current Taiwan indica cultivars possessed a high accumulation allele that was consistent with the
phenotype of the Cd accumulation trend between Taiwan indica and japonica cultivars. Subsequently,
we selected advanced backcross inbred lines (BC,F,) from a chromosome 7 segment substitution line
population that was derived from the cross between ‘Taichung Sen 10 (TCS10)’ and ‘Taikeng 2’ based
on previous studies (2006-2011). An indica line, TCS10-¢gCdT7, that limits Cd accumulation was
developed in the first cropping season of 2014 and possessed 96% genetic background similarity com-
pared with the recurrent parent “TCS10’. In the first cropping season of 2015, this new breeding line
exhibited the highly similar morphological characteristics compared with the indica variety “TCS10’,
but had a Cd bio concentration factor in brown rice that was 44.4% less than that in the “TCS10’ par-
ent. In summary, this study was conducted in a field environment and improved one of Taiwan’s pop-
ular indica cultivars using a marker-assisted backcross approach. The newly developed lines in this
study would have the potential to contribute greatly to the future cultivation of rice production and
increase the food safety within the Taiwan rice industry.

Key words: Cadmium accumulation, Field trial, Functional marker, /ndica rice, Marker assisted
backcross selection.
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