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ABSTRACT

Cd is a toxic heavy metal and can lead to Cd-related diseases such as renal
tubular dysfunction and bone disease. Cadmium (Cd) is not an essential element for
plants. However, rice uptakes and accumulates Cd in grains by essential element’s
transporters. The accumulation of Cd is a serious threat to human being since it can be
concentrated in body through the food chain. Therefore, reducing the Cd content in
grains is very important for food safety. Natural resistance-associated macrophage
protein 5 (OsNramp5) is the main transporter which uptake Cd in roots. Knocking out
of OsNramp5 has been reported to dramatically reduced Cd accumulation in rice grains.
To generate low Cd accumulating Taiwanese cultivars, this research ainmed to carry out
in two ways: 1. Screening for osnramp5 dysfunction mutants from single nucleotide
polymorphism (SNP) database. 2. Genome-editing the OsNramp5 to Taiwanese
cultivars. After screening SNP database from the rice 3000 genomes, 50accessions
showed polymorphic genotypes on OsNramp5 genes. Analysis of amino acid sequences
from 50 selected accessions showed that 10 accessions contained a change of amino
acid. . In addition, three of ten accessions showed the same change at 505" amino acid,
where Alanine (Ala, GCC) was substituted by Threonine (Thr, ACC). Examined of Cd
concentrations on roots and shoots of rice seedlings showed that 8 lines have lower Cd
content in roots or shoots. To generate genome-edited rice plants, two domestic rice
cultivars, Tainan 11 (TN11l) and Tainung 67 (TNG67), were used to precisely
mutagenized the OsNramp5. Tainan 11 (TN11) is the most growing rice cultivars, while
Tainung 67 (TNG67) has the most available research resources. Both cultivars’ 9th exon
of OsNramp5 was chose for CRISPR/Cas9-based mutagenesis. Mutation was
determined by DNA sequencing. Identification of OsNramp5 mutated accessions can be
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used as a parent for low cadmium rice breeding. On the other hand, genome-edited rice

plants can further screen low cadmium and transgene-free progenies.

Key word : Cadmium ~ Rice ~ Nramp5 ~ SNP ~ CRISPR
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R A

Cas CRISPR-associated proteins

Cd Cadmium

CdS Cadmium sulfide

CRISPR Clustered Regularly Interspaced Short Palindromic Repeats
HMA heavy metal ATPase

ICP-MS Inductively coupled plasma mass spectrometry

IRRI International Rice Research Institute

IRT iron-regulated metal transporter

LCR low-molecular-weight cysteine-rich

lcd-kmt low-Cd Koshihikari mutants

MT metallothionein

NHEJ non-homologous end-joining

NSFTV National Science Foundation-"Exploring the Genetic Basis of

Transgressive Variation in Rice”

Nramp Natural resistance-associated macrophage proteins
PCR Polymerase chain reaction

ROS reactive oxygen species

SNP single nucleotide polymorphisms

TAE buffer Tris-Acetate-EDTA buffer

TN11 Tainan 11

TNG67 Tainung 67
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F5% - e

-~ EFHPELRER
11~ 3k kiR
ARG AR RS ASF A 7 7 (International Rice Research Institute, IRRI)
hH PR S TR E (Rice SNP-seek database) & :E - 14 p A8 (Oryza sativa
L. cv. Nipponbare) ek #1571 % 5 ¢ gk > E B4 Nramp5 5 77 5 dg A %
LR e PR AO%MILE T National Science Foundation-"Exploring the
Genetic Basis of Transgressive Variation in Rice" (NSFTV » # {5 12 NSF i f£) 2 f&+
Yoo B kp PHE KFEFFHRT oCRISPR kR Tz 235 L4
AR TR o

12 R ie
PR A BF T 2 ORFSET 0 RSEAT N B T Y 0 2e 3 2% B9 k4
o4 30 A& f.—r.'u«%’—”’;xlxmmﬁ+vupij\&-,,b5,,\_]_ﬁl};,*1\m$
ARG R R kA (BB KA R) $r 37C BEHT BFTA R o g

|

TR RRBEEL B A BOL Y 20 o i h A UREREESE TG
(F

B RfE¥ R AT A i F 30°C/fe 25°C) PRSP 2Rk > &g % T 4%

KRR FF R R ER2ERBEFEERIL -
= ~ DNA z_ &
2.1 - DNA %3~
B 1~2 RORFSE R 2mL Mg 3o f oo Ao xR TR T B 1200 rpm A
Bl 4480k &f A 4 » 0.7 mL Urea extraction buffer % 0.7 mL phenol: chloroform
(1:1) # 3% 15 A4 i * 3. 52 8000 rpm & 10 A 4dfs » #-F iR 4e » 7 70
uL NaOAc % 0.7 mL Isopropanol (IPA) fpcE 4w FiR 3 > kB B4 4 B
DNA =z » & 1 mL 70% FpF sopc & g § iR e o o 0f (8w H P b i
DNA > #c » 50 uL ddH20 %% ° B~ 2uL DNA ¥ loading dye ;& & » 4r » 1% 3 4
48 (7 ethidium bromide) ** TAE buffer @ 12 100 &R4F A 20 ~ 48 > FEsl G &
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DNA 3 -

22~DNA g ®%

F1* NCBI = primer designing tool %k 3+ =& * 51+ (Nramp5-GeFw/Rv)> & & i+

Bd % 13 h B3 (exon) I 3% (3UTR) (El) o 2% it DNA % #54 »

TR e r i B F Y o R FREFFEH F & (Polymerase chain reaction,

PCR) -
per sample

DNA 0.5 uL

2 mM dNTP 2.5uL

25 mM MgSO. 1uL

10 uM Fw primer 0.75 uL

10 uM Rv primer 0.75 uL

10 X taq buffer 2.5uL

ddH20 16.5 uL

KOD taq polymerase 0.5 uL

Total 25 ulL
Step & JBi% E 4T o
1 | 94°C vt 2 min
2 | 94°C ‘e #v 15 sec
3 | 60°C 4 £ 30 sec
4 | 68°C ‘e#t 30 sec (£ 47 step 2—4 > %k 39 =)
5 | 68°C 4o 7 min
6 | 16°C WikE

P~ 20 uLPCR 2 # 22 loading dye ;2 & »4c » 1% 3f "3 %348 (7 ethidium bromide,

EtBr) »* TAE buffer # 12 100 &% 4 20 » 4% > /2325 & 552bp 2 PCR A #

T

12
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23+-PCR &% % it

BT ABHESUVET > 17 P57 25 PCR A4 0348 0 2o r 1.7 mL %
4@ o J1* GeneDireX PCR Clean-Up & Gel Extraction kit g "4 7 v 4z
PCR A4 o 4v » 500 uL Binding solution {5 3c ¥ ** 60°C 4c#4 10 4~ 45 > 4r # 4y
fF #-spin column 2>z & & + > %4873 f212 ) » spin column - 130009 &t~ -
b8t F R Bk 0 4~ 400 uL wash solution 1 - 13000g &t — & 4518 F 3 Bk o
£ 4 » 600 pL wash solution 2 > 130009 &g — 4 45 fs F 3 Bk > £ 130009 4w 3
s K,éft 7 § ervwash solution 2 > #-spin column %> 1.7 mL fic& 3. *g + o4

> 30 uLddH20 %3 PCR A% & 4~ 43 » £ 130009 #t.~ 3 » 4518 5] PCR A 4 o

2.4 ~ DNA z_&
PCR A% % 3tP st 4 $ #1144 *T2 2 (Mission Biotech) %3 o

2 ATFARAFHEERARE

3.1~ RNA %3~

TPz B AORABIINERET ) ARSI S RE EHTRET ¢ o FH SR RS

PRl F A SR AT B A 0 AR AR PR R B E L m R R
i EH) o B F o 4er LmL TRIzol 54 % 5 A48 £ 4 02 mL
chloroform # ¥ 2~3 445 > # * w8 4°C T 120009 s 15 ~ 45 > P~ F K
RARB RS AT E AL o 4o~ OSMLIPA 24 % 10 248 0 £ 0% * o
*4°C T 120009 drw 10 A3 F R g 0 b~ 1mLT5% g bR p
® PRI G RRF TR B R 32 5 1 10 A 48 4 » 30 pL RNase-free
H.O w3 RNA-B 2 uL RNA £ loading dye ;& & »4c » 1% 3§ "7 %} 48 (7 ethidium
bromide) ** TAE buffer ¢ 2 100 &4FF 4 20 445 > #9345 > UV 45¢ B
RNA 5 o

3.2~ &£ 3% - 3% cDNA
2 MMLV Reverse transcriptase 1%-Strand cDNA Synthesis Kit & {7 - #_# RNA

(1000 ug) de N 200 ML /[ éﬁ '—F‘: s Ap A Pf&r‘)‘i‘]‘]#’\ 650C 4y élb 2 /\ l% 5] * #’q_r, °
13
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per sample

RNA (1000 pg) X uL
100 uM oligo-dT 1 uL
ddH20 9-X uL
Total 10 uL

RNAZE L5135 E Nk 1 2450 4c » cDNA £ =2 FH)R £355 >3 37°C
F & 60 & 48 o

per sample
Annealed RNA 10 uL
10X RT-script buffer 2 ulL
10 uM dNTPs 1 uL
RT-script enzyme 1 uL
RNase-free H,O 6 uL
Total 20 uL

F bz & ts 3 85°C 4e# 5 A48 b F b » 7530 -80°C kg * 3+ 1a 9
5% o

T~ RFEARA
41~ 22§ F @R @4 F & (semi-quantitative RT-PCR)

1% i CDNA % #5945 2% 3 cDNART-PCR #7313 (A4 572bp) » # % 1=
Bd % 12B I INEE (HR) e BT AF e r BRI E Y R
PCR > ¥ *Fzk3*+ Actin 0315 (A4 444 bp) - 2% ik 4 30 OsActinl 5 vt die i
Fl& B L E o

per sample
cDNA 2 uL
10 mM dNTP 0.4 uL
10 uM Fw primer 0.4 uL
14
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10 uM Rv primer 0.4 uL

10 X taq buffer 1 uL

ddH20 5.6 uL

YEA tag polymerase 0.2 uL

total 10 pL
Step F & iE & 4o
1 |94°C ‘v # 5min
2 | 94°C sv4 30 sec
3 | 55°C 4e 4 30 sec
4 | 72°C 44 30 sec (£ 4F step 2—4 » 77 39 =)
5 | 72°C 4e £ 10 min
6 | 16°C i E

P~ 10 uL PCR # # ¢ loading dye & & » 4c ~ 1% 3§ "3 % %8 (7 ethidium
bromide, EtBr) ** TAE buffer # 2 100 &k3F 7 4 20 45 > B4 E > UV $#57
v i 444 bp (Actin) 2 572bp (PCR A %) i5F chp a5 42 & o

I kEHKRE S TET A
5.1 ~ "k RFRILE%

PeZ R A2 RABTERSERE KPR Y e SUM CACL (= W= = {4 7 &0k
i) RIZ- % 0 aJLl 4 1510 BmMM CaCly 73 % 2@ 19385 A48 Mok fsfE i
rag e 300 ddH20 R AI0 0 gL SO LA TR A 54 B F N I35

70°C 46 47 o

52~ ket iy i

PR Fr A AL E Yotk ST ARG ARE Y RN F IR S r T0% K
WEE 8 mL @ sE Al > @ % Anton Paar gt i %k (Multiwave PRO)
WA o e TEIE R AT o

15
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Max. Pressure Increase Rate | 0.5 bar/s | IR Temperature Limit 180°C

Max. Pressure 40.0 bar | Internal Temperature Limit | 210°C
Max. Microwave Power 1500 W

Step kK )’I—%l'—i— it 4T

Step Power Time
1 | Power ramp 600 W 5 min
2 | Power hold 600 W 10 min
3 | Power ramp 800 W 10 min
4 | Power hold 800 W 10 min
5 | Cooling ow

Eopivigiddrism r 50mL =&AL 0 0 ddH0 B A R EH O iR s £

2 ddHO0 & 1 50mL &4t > 12 Advantec 1 BLig A€ 4 g Itk &HFL7 o

53 & £ M 5K
A E PR E S (1000 mg/L) 5 mL o 2 05 N A AR i 3

al

0 mL
(100mg/L) - €45 ¢ @42 A SR @ Img/l 2 0.1 mg/L 45k & s £ sk
Boae » ¥ommP-10mg/l 2.3 % 4mL~25mL~1mL > 2 0.5 N#fA R TF

2 50mL > = 0.8mg/L~05mg/L~02mg/L %45k R & RIEE A%

o

SA~GFELAT

i¢ * Perkin Elmer 7 AAnalyst 200 * %5 & =+ Bk 34 % 0 11 228.80 nm 4 &
EAEEEITLRR RAERER RS RAETE 2 RER S MR E TR
PEERRPGEER o & BRSRPIZ BT I0E .
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CFE SN

- ~ 50 xS faip bl TR
1 SNP FALE &3iE 9 50 a5 3548 » %P8 NSFTV enifp 5L s (& 1) «

= ~ OsNramp5 erf Flg e gt R R -8k
tok frf#st 4 7 4% 2 (The Rice Annotation Project database, RAP-DB) *© # %

OsNramp5 e 4 » & 7 T 3 F L4 »7f ¢ OsNramp5 2 Fl % 5L &
Os0790257200 > & Fl g tde (B11) > - £ 25 13 BehEg+ 2 12 Bp g3 » 2 A
FlE B 5 7263 bp 0 s B 7E & 5 1617 bp - & International Rice Informatics
Consortium (IRIC) =3SNP F#LE @ % OsNramp5 3 SNP vk f&& k-3t HDRA
wfa B (Varietyset) » SNP =gk 2t p 23 + (% 2) »d 2 p RS A FIR 7|
g MRNA> iR g7 2 2 ¢ 2% Nrampb 3o ,,"‘f# Ay - B
kP § %A SNP BhixtvhEgS b oo fed BRI EE FARES
TR - BT TRPEARS - WGBS REEACE - A Y
S SNP B¢ » W 22t % L = BehBE TSNP § i Sk (W2 o
c d T P R R A FRORE c REREY BEMLIRARAE DL AT

NSF-20 ~ NSF-21 ~ Nona Bokra + = #& -

Z 50 BERBORTICA 2 RABRD

#-50 thok £ DNA 5 5 Bfgde s =i fl B 7|2 2 5 (B 3) -7 L NSF-20 -
NSF-21 2 Nona Bokra F = if fg#p criie fh e 1t > ¥ ¢ 5 = fRig ke 7 BIF AR
WHeavel it » » w5 NSF-16 2 74 en% 523 @i ped #vpt (Glutamate, E)
% 5 g ept (Lysine, K) - NSF-30 % 388 eni ik % ah+ & % 5 R9=pk (Leucine, L)
2 froepi (Tyrosine, Y) » NSF-201 % 537 i *=jkfdd 3 #=fk (Proline, P) % 5 #F
iRfs (Argining, R) » NSF-392 ch% 519 B iejipbd X 4 »eft (Aspartate, D) % & &
zfie (Tyrosine, Y) > NSF-396 R|F % r %A%t c - AERMAET o FIM £ 5

et d 3§ 4 3 iv% g Nrampb -
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= ~ 50 k#8332 8¢ OsNramp5 % g

B~ 50 R 3 Ak A& RNA > & 45 % - % cDNA {& 2 OsActinl £ 2 4/
& F] > 4% OsNramp5 &7 L 2 & RT-PCR (Bl 4) - 7 /A Bl eiEF P o B o 2L Fl 4
BEZFE - 50 l[ﬁi\i‘“ﬁér‘ FTRIEFOEIREALRE T u#”f SNP > 23 &8
=S e B T foft kP R FEY > Nrampd v e it § &

T HRIETRfes v E S R
75 UM CdCly AL kfe% o — % » D #fEa A 34 P82 RA 543 £

-

(1 5) ° NSF-251 2 NonaBokra & # fed F 38 ~ 3305 5 #iesg 7 £ (1] 0 15
mg/kg dw % 400mg/kg dw) o H is 4832 48 7 4o NSF-125 ~ NSF-278 ~ NSF-388 14 2
NSF-74 ~ NSF-241 ~ NSF-644 % & 5 # il P34 7 £ 2 RN 7 € - £ 5 1T 5

MK AT FRAL At RS o

# ~ CRISPR 1 therid 2 Fl4a Rl
CRISPR % ,?fuﬁi‘ %g##%i&r (B 6) ## * pRGEB32 ;‘%}i" » 4 Rice snoRNA U3
promoter # 3K :t4F ensgRNA > UBI promoter # 3 Cas9 2 f&cfis o 2K Fl¥miE >
% % Exon IX 1} PS1 2 PS2: 55 &5 fE0 5 5|7 Ll E AL i I %‘%c} B A
78 » TN11 2 TNG67 -k f&te t& - CRISPR # 7 tx + ,’{ﬁ“v} HEail+ (B HPT A
FIE K 3) &7 PCR e A3 & - L %] - 32% PCR @ 1 ¥ 1k DNA i
REMRE s THIBEHERE  RF k20 HRE - 572 (F7) 7 #
R G B TR PR AT] LA RE B FPRANRG o BT T EAERY &
#»ENELT

= ~ CRISPR #ietkenfl FlshigS %
3 (B 6) ¢ &7 CRISPR hiBeni= 2t kA Fl 2 A &% 124 (B 8) -
= B E A5 psl B A ehhaiBd % > & s B E A ps2 B iaiES % o
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L~

kfe s A vl Bl e FC R R R REF AT A ER C RER
THRERAMRE RS A7 R e 8 o S A AT
OsNramp5 % B &4 7] » {8 5] osnramp5 4 4 ## it @ &2 SRR Bk o 27 7
A B - AT HP RS B &E OsNramps P H L § %
Foevrkfad ko IE ST X ME KRR S 5 kY A FlRERETIE o8k
fosefa e OsNramp5 28 %] > 05 = @ g A Flehd 4 4R R fs A48 o

A Gy P oA EFRE T NE R 2L PFs R A OsNrampb
AFf FE ﬁ;]mgﬁga » VO IR HP 4 2 5 e osnrmapb 3‘&%‘1‘%% AR R RS
G Re §RE e p AR Y RaF F G 44 osnramps R kiR R R4 2
EommAiS AR CRISPR A% X% R¥HRIEZ 24 4
(Ishikawa et al., 2012; Tang et al., 2017) - ffs v FE%® FRA L 7 L™ % >
T AR ERORY c LB ARHRTRGE ELLEDE KfEPEAE R §
0 5% Lt?ﬁ X 2 ME A PR RTE T X gdp £ (Kobayashi et

al., 2018; YANG et al., 2019) -

FOREMEHTERFEL RT VR BRI ﬁfﬁj‘éﬂi"?e’ﬁ%‘”

q‘lbﬁluﬁ%*}\{@?g#'ﬁ—% #‘é‘-§°w1fﬂﬂ\§il i;ﬁﬁ“”{%)ﬁ%ﬁ
i led-kmtl, 2, 3> H ¢ lcd-kmtl, 2 Ak ® e end A S iRt £ R

gﬁ%zﬁgﬁﬁ%%@ogmmmwmiﬁiﬁﬁ~ﬁﬁ@¢i%ﬁwﬁ%’
fg?%ﬁiad}ﬁz Fl %R RIRAE A & P B e F] (% 3 200k bp) % OsNramp5 14
hHB AT AL M P ERRFREE FHROAMAE o d 3% led-kmtl, 2 25
MILE Gk o P AR HRET UG TSR AR T AHF ROEE A
FE A e sk (s E# led-kmt 2 5k & £ 5 A%k Tk 1 5 (Ishikawa et al., 2019) -
-5 o ¢ REH R CRISPR Smilids ¥ 3 afhfis b o b HRGLER KDL
ke YT m LR 42 OsNramp5 # it 7 ¢ $HEthd & f o B8 o Tt
w0 | ¥ FrPe osnramps R F R (T G AR R FET AL ARG B AT o
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R s B h2 - 5 T8 2 i AT\ RAPN A TS T A 4 A ®
TrE R4 L3 ARHTFIEY § 8 o CRISPR st 22 p chi A8 AFR %
RAEALH0 > 2 g apRAFY TTEHAT] > eivF &4 CRISPR k szl F]
ErFfd > F g Rha kv L Fpt A4 2 2 & HEBFE > Ft CRISPR #78
REFEHHES# DA TR AT A4 o A @A TS AV T B Ry
oo HEd ARG LA RET A AN AP RAT SEE D FEE TSR
TR AA D DR TGS 2 P A iFR > A% 2R A FehR
B PR ERENATRES FOEREF AR 2018237 18 p ERAF
#% (U.S. Department of Agriculture) = # 7 ¢ % CRISPR % 2k Fl% & (£ 47 5 B~ ¥ 41
050 F R AR E T R LA PR R A Tl 2 ke 2
%@oﬂi&i%@ﬁﬁzm9&3@27ﬂ’Eﬁigﬁﬂﬁ&ﬂﬁ&ﬂ%ﬁé
e E AT AP R p A PR RAMMT R ELELYEEFh AR
2T aRT 2L 2 ) S22 AE T AT ) A AT RN A
AF R B TS AR Fm e R P A2 AT E R R AR
B AR FIE e p L TR L T2 AR BB w%éﬁéwsﬁ‘
Prfizmie s Rt FHBE R FE WASH HewRRz L0
R AT e A TR L AT LE Y B R AT Uk

o
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OsNramp5

S’UTR 3’UTR

8876815 8876317 8875706 8875321 | 8875031 8874811 8873643 8872318’

8878782 8875159 8872242| 8872040

[] 2eew [] #&= —_— prES

® 1. OsNramp5 mi'ﬂ%ﬁ

OsNramp5 =48 550 2 0s0790257200 - > & 7263 bp » % #% % (Coding DNA Sequence, CDS)
Pl§ 1617bp> A FIRHY £ 5 13 B AT 2 12 B p A+ o fhjeinik A2 5 SNP “Tai=§ o
Ho WG ez SNP gk § i SR A -
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Amino acid sequence of OsNramp5

>MEIERESSER GSISWRASAA HDQDAKKLDA DDQLLMKEPA WKRFLAHVGP GFMVSLAYLD

PGNLETDLQA GANHRYELLW VILIGLIFAL IIQSLAANLG VVTGRHLAEI CKSEYPKFVK
IFLWLLAELA VIAADIPEVI GTAFAFNILF HIPVWVGVLI TGTSTLLLLG LQKYGVRKLE
FLISMLVFVM AACFFGELSI VKPPAKEVMK GLFIPRLNGD GATADATALL GALVMPHNLF
LHSALVLSRK TPASVRGIKD GCRFFLYESG FALFVALLIN TAVVSVSGTA CSSANLSQED
ADKCANLSLD TSSFLLKNVL GKSSAIVYGV ALLASGQSST ITGTYAGQYI MQGFLDIRMR
KWLRNLMTRT TAIAPSLIVS IIGGSRGAGR LIITASMILS FELPFALIPL LKFSSSKSKM
GPHKNSIYII VFSWFLGLLI IGINMYFLST SFVGWLIHND LPKYANVLVG AAVFPFMLVY
IVAVVYLTIR KDSVVTFVAD SSLVDAE KADAGDLAVD DDEPLPYRDD LADIPLPRx

GCC (A) - ACC (T)

W 2.SNP FHE? Ao $Pii
SNP F#LE ¢ &+ NSF-20 ~ NSF-22 ~ Nona Bokra % &tk & OsNramp5 #-v % 505 i #<zk
fed b oiepe (Alanine, A) % % gki=pk (Threonine, T) » # ic ¢ F]ut 22 % OsNramp5 it ic o
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PRGEB32  159«kb

Transcription staet
TATA Do ,_$ osa |
¢ --- ———
5 AMGOATCTTTAMOGA o 7T"MAA'[".AI‘.TYl’ﬂl:n'tnl.‘.ﬂTﬂA’»CCQT O AGOAGACCOAGOTOCTCOGTTT TAGAGCTAGAAA __ COGAQTCGATAN TTTTTIT &

F-TTCCTTAGAAATTTAGT ACTAMTTTT CTCAACADGTCTACTAGGCA COGTUCTCTOUCTCOCAOANC CAA ATCTOGATCTTT OOCTCAGOCACG AAMAAA .5
g0 AL B LA
- » | B! -
-« L

Ulp GRINA scattold (76 bp)

Vector name

pRGEB32-OsNrampSPS1gRNA  OsNrampSPS1-gRNA 5 -GGCAGGTTCTTCCTGTACGAGAGCGGG
CCAAGAAGGACATGCTCTOGCCOCCAAA-S

PRGEB32-OsNrampSPS2gRNA OsNramp5PS2-gRNA 5"-GGCACACCTCCTCCTTCCTTCTCAAGG
GTGGAGGAGGAAGGAAGAGTTCCCAAA-ST

OsNramp5

5UTR I'UTR

[ HH tHH-O- 0—i 1]

CasMrampS-FE1 AN CraMrampS=-Ps: A
GLTTCTTCCTGT ACGAGALLEED e CACCTOCTCOT TCCT TOT GART

W 6. CRISPR/Cas9 % 2% A iﬂﬁ_ﬁl B A5

% * pRGEB32 §*# - ¢ Rice sSnoRNA U3 promoter % Jizk 34 d7sgRNA - UBI promoter
T Cas9 {ipaps o A FlWiEi- ¥ 5 Exon IX } 3PS1 2 PS2> 1‘#3&’1%‘ B AP R 7|7 Frﬂ.’rﬁi‘%ﬂ ’
FAEd A A~ TNIL 2 TNG67 -k feti tk «
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TN11 PS2
0102 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 P WT
e e e, e ed A b d L A A L L XX 1

TNG67 PS1
01 02 03 04 05 06 07 om co 10 11 12 13 14 15 WT
ey —x—x Y YT XX PN
TNG67 PS2

01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 P WT
| ——————————_ m———— . ——— — -

W 7. CRISPR 7 ki & 14 45
AR 3 K hDNA TR RE  FHIBEHRE  EFKE 79 HRE - B %7 L% TNG67PS211 -
Rt s 4§ 2T AN PR AT L FBRERFRRIEG > Br ] AR AP EAEAT

31

doi:10.6342/NTU201903620



5°’UTR 3’UTR
[HHHH HHHH —
Bl U
OsNramp5-PS1 PAM OsNramp5-PS2 PAM
GGTTCTTCCTGTACGAGAGAGGG — // CACCTCCTCCTTCCTTCTCAAGH
TNGET  GGTTCTTCCTGTACGAG-AGCGGG TN11 CACCTCCTCCTTCCTTC-TCAAGG TNGET CACCTCCTCCTTCCTTCTCAAGG
02 R -1 03 T...... S 1 . 1
...................... | N [ e -1
05 Lo *1
.................. Ao +]
13 e T +1 &
................ e -1

] 8. CRISPR i 78 tk cr ik ] o dE & 5%

B 5 088 PR FI R S AEIL 0 5 ) EH PSL A AUt % o 4 il B B E4ME PS2 P iR i % o 1% S5 4 % (deletion)

X% FME L (insertion) %% 0 M5 2 3 S (substitution) %% o A=A Fl¥iE S 5 deletion R bna i

insertion & % o
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% 1. 501:%%.3-%@_;;—,?:7}1

NSFTV Accession Name Original Providing Geographic Region Subpopulation group Subpopulation group
ID Country (Structure) (PCA)
16 Bico Branco Brazil South America ARO ARO
17 Binulawan Philippines Southeast Asia IND IND
18 BJ1 India South Asia AUS AUS
20 Blue Rose United States North America ADMIX_J ADMIX
21 Byakkoku Y 5006 Seln Australia Oceania IND IND
23 Canella De Ferro Brazil South America TRJ TRJ
30 Chiem Chanh Vietnam Southeast Asia IND IND
69 IAC 25 Brazil South America TRJ TRJ
70 Iguape Cateto Haiti Caribbean TRJ TRJ
74 IRGA 409 Brazil South America IND IND
81 Kalamkati India South Asia AUS AUS
91 Kibi Japan East Asia TEJ TEJ
95 NSF-TV 95 Unknown Unknown TR N/A
99 LAC 23 Liberia Africa TRJ TRJ
116 NSF-TV 116 Unknown Unknown TRJ TRJ
125 Pao-Tou-Hung China East Asia IND IND
142 Shai-Kuh China East Asia IND IND
147 Sinampaga Selection Philippines Southeast Asia TRIJ TRJ
149 Sinaguing Philippines Southeast Asia TRJ TRJ
162 TKM6 India South Asia IND IND

201 Pate Blanc Mn 1 Cote D'lvoire Africa TRJ TRJ
202 Pratao Brazil South America TR TRJ
213 WC 3397 Jamaica Caribbean TR TRJ
215 WC 4443 Bolivia South America TR TRJ
241 ECIA76-S89-1 Cuba South America IND IND
251 H256-76-1-1-1 Argentina South America TR TRJ
253 Guineandao Guinea Africa TRIJ ADMIX
259 Sadri Tor Misri Iran West Asia ADMIX_I ADMIX
272 923 Madagascar Africa ADMIX_I ADMIX
273 Varyla Madagascar Africa ADMIX_I ADMIX
276 Kaukau Mali Africa AUS AUS
278 C1-6-5-3 Mexico North America TEJ ADMIX
293 TOg 7178 Senegal Africa ADMIX_I ADMIX
320 DM 43 Bangladesh South Asia AUS AUS
326 Ghorbhai Bangladesh South Asia AUS AUS
328 Jamir Bangladesh South Asia AUS AUS
330 Khao Pahk Maw Thailand Southeast Asia AUS AUS
339 Yodanya Myanmar Southeast Asia IND IND
342 Cenit Argentina South America TRJ TRJ
346 Karkati 87 Bangladesh South Asia AUS AUS
380 Tainan-lku No. 512 Taiwan East Asia TEJ TEJ
388 Nortai United States North America TEJ ADMIX
392 Edith United States North America TRJ TRJ
396 Cocodrie United States North America TRJ TRJ
622 Bengal United States North America TRJ ADMIX
624 Kaybonnet United States North America TRJ TRJ
630 Saber United States North America TRJ TRJ
641 Tainung 67 Taiwan East Asia TEJ TEJ
644 IR64-21 Philippines Southeast Asia IND IND
N/A Nona Bokra India South Asia IND IND
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Subpopulation identified by STRUCTURE analysis based on 36 SSRs (Ali et al.
2011). Aus is coded with AUS, indica with IND, aromatic (GroupV) with ARO,
temperate japonica with TEJ, tropical japonica with TRJ. Admix_I contains a greater
proportion of ancestry from ether indica or aus, and ADMIX_J is admixture of mostly
temperate or tropical japonica.

Subpopulation identified by PCA analysis using 36,901 high quality SNPs (Zhao et
al. 2011). Aus is coded with AUS, indica with IND, temperate japonica with TEJ,
tropical japonica with TRJ, aromatic (GroupV) with ARO, and ADMIX is a mixture of

more than one subpopulation.
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4 2.50 p#t 3 SNP =%

8876815

8876317

8875706

G/A

8875321

8875031

8874811

G/IT

8873643

8872318

mismatch
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15

NSFTV

16
17
18
20
21
23
30
69
70
74
81

91

95
99
116
125
142
147
149
162
201
202
213
215
241
251
253
259
272
273
276
278
293
320
326
328
330
339
342
346
380
388
392
396
622
624
630
641
644

N/A
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%23 ®H2¢ gril3 i
OsNramp5-Ge Fw
OsNramp5-Ge Rv
OsNramp5-RT Fw
OsNramp5-RT Rv
OsActinl Fw

OsActinl Rv
OsNramp5-seq F
OsNramp5-seq R

HPT-F

HPT-R

5’-GGTTCCTGGGTCTGCTCATC-3”

5’-ATACATGAGCCACCTCCCCT-3’

5’-CAGCAGCAGTAAGAGCAAGATG-3’

5’-ACACCCTTGTCGATCGATCGATCTG-3’

5’-ATGCTCCCCCATGCTATC-3°

5’-TCTTCCTTGCTCATCCTGTC-3’

5’-TAGGACATGAACTCGATCTAGTCCT-3’

5’-AGGACGGAGAAATAGTGTAGAC-3’

5’-GCCTGAACTCACCGCGACGT-3

5’-CGAGTGCTGGGGCGTCGGTT-3’
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