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Abstract: [Objective] The study aims to explore the effects of super-distant hybrid rice cultivars and differ-

ent soil amelioration measures on Cd accumulation in rice grains. The findings can provide support and a theoreti-
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cal basis for evaluating field effects of soil amelioration measures in remediating Cd-contaminated farmland soils,
as well as for breeding research on low-Cd-accumulation rice materials. [Method] Field experiments were car-
ried out with four super-distant hybrid rice cultivars, namely Watermelon sesame rice 1722028, Watermelon rice
90-11 kang, Watermelon rice 90-11-6 and Watermelon rice 90-11 as test materials. By determining Cd content
and agronomic traits of grains from early and late rice crops, differences in Cd uptake capacity among these culti-
vars were analyzed. Taking Watermelon sesame rice 17722028 as an example, the effects of four soil amelioration
measures-lime, biochar, compound fertilizer combined with mineral fertilizer, and lime combined with biochar on
soil physicochemical properties (pH, soil organic matter and cation exchange capacity) ,soil Cd content, grain Cd
content and Cd enrichment coefficient of grain were further compared. Finally, genetic detection was performed
on this cultivar. [Result] New germplasms derived from super-distant hybridization effectively decreased Cd
content in rice grains. For the four tested cultivars, Cd concentrations were 0. 088 — 0. 095 mg/kg in early rice
grains and 0. 100 — 0. 108 mg/kg in late rice grains. All values were below the national standard limit of 0. 200
mg/kg, and significantly lower than those of Xiangzao 45, which recorded 0. 578 mg/kg in early rice and 0. 589
mg/kg in late rice. The four super-distant hybrid rice cultivars exhibited significantly taller plant height but
shorter root length, smaller root surface area and root volume compared with Xiangzao 45. Compared to conven-
tional cultivation, the four soil amelioration treatments including lime markedly reduced grain Cd content and Cd
enrichment coefficient. For early rice, the two indicators decreased by 56.522% — 71.739% and 51. 626 % —
63.821% , while the corresponding reductions for late rice were 59.615% — 72.115% and 55.091% —
64.182%. In addition, grain Cd content and Cd enrichment coefficient were significantly higher in late rice than
in the corresponding early rice cultivars. Grain Cd content showed an extremely significant negative correlation
with soil pH. It was, significantly negatively correlated with soil organic matter and cation exchange capacity,
significantly positively correlated with total soil Cd, and had an extremely significant positive correlation with
soil available Cd content. Genetic sequencing of super-distant hybrid rice cultivars explained that super-distant
hybridization facilitates the breeding of new low-Cd rice germplasms. [Conclusion] The application of super-
distant hybrid rice cultivars, proper use of soil amelioration measures and the management strategy of prioritizing
late rice over early rice can effectively reduce grain Cd content and cut remediation costs.
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Table 1 Comparison of Cd content in grains among different rice cultivars mg/kg
EE P9 Z AR 1722028 PG AE 90-11 4L PG A 90-11-6 75 TR 90-11 L 45(CK 1)

Watermelon sesame

Rice season

rice 1772028

Watermelon rice 90-11

kang

Watermelon rice
90-11-6

Watermelon rice 90-11

Xiangzao 45(CK1)

FLFE Early rice
e Late rice

0.0924£0. 002 Bb
0.103=£0.001 Ca

0.095=£0. 003 Bb
0.108=£0. 002 Ba

0.088=£0.001 Ch
0.100=£0. 003 Ca

0.093=£0. 001 Bb
0.1052£0. 000 Ba

0.578=£0.003 Ab
0.589£0. 004 Aa

T2 AT RO 5 AR AN 6] R 5 7 B 2 R A [ K RS i Rl 25 52 3 (P<<0. 05, [a] B B304 I A A ) /N5 o7 B 3R R[] R 2 ) 22 5
(P<<0.05)
Note: Different uppercase letters in the same row indicate significant differences among rice cultivars (P<<0. 05). Different lowercase letters

Table 2 Agronomic traits of different rice cultivars

in the same column indicate significant differences between rice seasons(P<20. 05).

®2 AEKBRMPORZHER

B
(EES FK A b R /em TR/ g (X 10* - 667m ?) GEE I
Rice season Rice cultivar Plant height Thousand-grain weight Effective panicle Seed setting rate
number
PR Z A 1722028 115.452+5.001 Aa  20.58020.892 Ea  24.780--0.282Aa  80.315-£7. 322 Bb
Watermelon sesame rice 1722028
PR 90*11'%)1‘ 117.6434+4.980 Aa 24.785+0.743 Ca 24.987+0.353 Aa  79.890+5.494 Bb
Watermelon rice 90-11 kang
E‘*‘H. PR RS 907117.6 118.248+7.091 Aa 26.583+0.835 Aa 23.345+0.276 Ba  80.027+4.993 Bb
Early rice  Watermelon rice 90-11-6
PERAT 9011 119.67146.036 Aa  25.93140.545Ba  23.53240.840 Ba  79.865-£6.876 Bb
Watermelon rice 90-11
%ﬂ %45((‘}“)‘ 99. 230+5. 004 Ba 23.352+0.490 Ca 24.636+0.564 Aa 79.993+7.353 Bb
Xiangzao 45 (CK1)
PG R A 1722028, 115.379+8. 218 Aa 21.498+0.501 Da 23.723+0.346 Bb  88.569+6.987 Aa
Watermelon sesame rice 1722028
P A 90711% 116.345+7.383 Aa 23.990+0.753 Ca 25.004+0.269 Aa 87.963+7.893 Aa
- Watermelon rice 90-11 kang
MR A 90116
Late rice . 119. 643+6.537 Aa 26.005+0. 815 Aa 23.163+0.540 Ba 88.001£8.001 Aa
Watermelon rice 90-11-6
PR AA 90711. 118.696+4. 876 Aa 25.743+0.557 Ba 23.742+0.327Ba 87.995+7.812 Aa
Watermelon rice 90-11
WA 45(CK1) Xiangzao 45 (CK1) 98.671+5.373 Ba 23.978+0.396 Ca 24.581+0.264 Aa 88.123+8.125 Aa
i 2 TR FE i F P/ (kg - hm %) 4 /em M 1 B/ em? AR/ cm?®
Rice season Rice cultivar Yield Root length Root surface area Root volume
VIR 2R 1772028 7725.452450.342 Cb 2 240.313-£110. 236 Ba 567. 250--4. 893 Ba  15.363£0. 183 Da
Watermelon sesame rice 1722028
PR AR 90711&‘ 7525.966+48.323Ch 2213.640+=112.054 Ba 574.122=+5.006 Ba 16.005%0. 455 Ca
B Watermelon rice 90-11 kang
iR 90116
Early rice . 7 668.474+57.315Cb 2 187.9154108.956 Ca 569.33144.425Ba 15.89940. 342 Da
Watermelon rice 90-11-6
V4 JRAE 90-11 . - 7 546.793+55.730 Cb 2 178.3684+120.006 Ca 574.655+3.986 Ba 17.122+0. 290 Ba
Watermelon rice 90-11
W 45(CK1) Xiangzao 45 (CK1) 7 286.446+48.796 Db 3 214. 251+ 111.487 Aa 624.687+5.787 Aa  20.343+0. 265 Aa
VI R A 17[2028, 9043.12650.008 Aa 2241.7134+123.419 Ba 569.452+4.755Ba 16.617+0.196 Ca
Watermelon sesame rice 1722028
VLA 90711& 8990.351449.767 Aa 2199.835+115.356 Ba 570.473+4.657 Ba 15.986+0.201 Da
3 Watermelon rice 90-11 kang
WR w0116
Late rice . 9967.583+48.376 Aa 2210.0084108. 794 Ba 568.29044.876 Ba 15.32440. 276 Da
Watermelon rice 90-11-6
P RAS 90-11 . 8979.924+51.084 Aa 2189.346+154.156 Ca 568.154+5.001 Ba 16.123+0. 287 Ca
Watermelon rice 90-11
W 45(CK1) Xiangzao 45 (CK1) 8 686.893+49.873 Ba 3 203.454+108.696 Aa 619.897+4.736 Aa  21.345+0. 306 Aa

TE < [R50 BUHE Je AR AN i) R 5 B 7 ] — A& SR A [a] it Ao ] 22 55 8 35 (P<<0. 05) , AN [l /NG B 3 735 AR [ 2K R il ol AS T) 4 2 ) 22 S
#(P<<0.05).
Note: Different uppercase letters in the same column indicate significant differences for the same agronomic trait (P<<0. 05). Different lower-

case letters indicate significant differences between rice seasons for the same cultivar (P<Z0. 05).
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JIRE 90-11 Bt AT L 45CCK D A A7 3% B R . % K T
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1190 PH AT 90-11-6, 74 JINAT 90-11 45 4 /4~ V5 K F
AN A5CCK D H | B A 114 45 52 3 1) 1 38 K 1
(P<C0.05) ; Jo it J2& - Ff id 2 W A , 4 4 D5 JICAS & i
() 7= e 2 TR 45(CK 1D (P<<0. 05) , B A 1Y
i 2 v TR ] R R (P<<0. 05D,
2.2 TEYUREENTEEVERMCIEERE

KkCIEEMEERHMF T
2.2.1 ERBEALMFACIEE WMERIWTUE
H, DAELA SO SR P 1 D I 2 RR R 1722028 S 141
Tt e R R S MRS, 8 B AP S, -3 pH

B A AL B f R BH B 58 e it AR AR B (CK2)
PIURR AR EER . 55 #R 55 CCK2)AH [, 545 i
M F 4 38 pH A /9 b FF 0R B 4 0 ok 1.897 %~
24.936% A1 1.953% ~24.863% , Ifi fiti FH 41 JK A1 41
JK A AW R kb B A HE pH B = T CK2(P<
0.05) 5 B ita FH A3 I A BEAN , A= B A+ 071
JIE AT IR+ A i i A B R R ORI R R = A ML
ORI By Sk 6.379%0~15.547% F
6. 171%~15.152% , £ 48 BH 25 32 e 1 A 385 o s 32
43 A 8. 385%~19.292% MM 8. 735%~19. 378 %,
¥ 8 ¥ m T CK2(P<<0.05),

Joie AR MR, 5 CK2AH L, 58k
RS, HHER Cd & s R R R EREAL (A B,
17 - 3 2% Cd 5 1 19 [ AR R B2 43 531 R 11 310 %6~
28.082% Fl111. 176 % ~29.452% , ik it 3 /K F (P<
0.05)(F 3,

%3 RE IR R £ IR LM R Cd & BA B0

Table 3 Effects of different soil amelioration measures on soil physicochemical properties and Cd content

Qb P Treatment 47 Index 74 Early rice MR Late rice
pH 6.849+0.524 Aa 6.840+0. 600 Aa
FHLFR A/ (g-kg ') Organic matter content 26.987+1.457 Ca  26.849+2.564 Ca
1K Lime FH B T34 it/ (emol-kg ') Cation exchange capacity 7.142+0. 254 Aa 7.13440.304 Aa

+ 35 Cd &4 /(mg-kg ') Total soil Cd content
AT Cd & it/ (mg kg™ ') Soil available Cd content

pH

FHLFE A/ (g-kg ') Organic matter content 3

H: W 7% Biochar

). 38440. 000 Aa 0.38340.004 Aa
1464-0. 002 Ca 0.14740.001 Ca
586-+0.413 Ba 5.585:£0. 325 Ba
L413+2.387 Aa - 30.339+3. 247 Aa

o o

S »

FH B T34 it/ (emol-kg ') Cation exchange capacity 6.574+0. 547 Ba 6.573+0.603 Ba

+ 3 Cd &4 /(mg-kg ") Total soil Cd content 0.379+0.003 Aa 0.378+0.002 Aa

FHEA B Cd 4t/ (mg-kg ") Soil available Cd content 0.168=0. 000 Ba 0.17040.001 Ba

pH 5.700+0.419 Ba 5.694+0.523 Ba

FANE TR HHLF &4/ (g-kg ") Organic matter content 28.000+3.475Ba  27.97342.649 Ba
Compound fertilizer+ FH B T34 it /(emol-kg ') Cation exchange capacity 6.489+0. 657 Ba 6.498+0.537 Ba

Mineral fertilizer

pH

+HEE Cd & i/ (mg-kg ') Total soil Cd content
FHEA S Cd &4t /(mg-kg ") Soil available Cd content

<

.38540.004 Aa 0.384=£0.002 Aa
.16540.001 Ba 0.166=+0. 001 Ba
.78240.005 Aa 6.779+0.537 Aa

o O

HPLF &/ (g-kg ") Organic matter content 30.127+3.000 Aa  30.000+3.547 Aa

AR+ AW IR

. : FH B 7384 ht/(ecmol-kg ') Cation exchange capacity 7.132+0.542 Aa 7.111+0.428 Aa
Lime— Biochar N

+HER Cd &/ (mg-kg ') Total soil Cd content 0.378+0.002 Aa 0.3790.003 Aa

FHEA B Cd &/ (mg-kg ") Soil available Cd content 0.146+0.001 Ca 0.146=+0. 000 Ca

pH 5.48240. 346 Ba 5.47840.275 Ba

L ) HPLF &/ (g-kg ') Organic matter content 26.321+2.549 Ca  26.347+2.641 Ca
AR R (CK2 e 1N . _ . - .
% “mol- a he 5.98740.437 Ca 5.976+0.527 Ca

Conventional cultivation (CK2) FH %?x}ﬁ%g@/(cmol kg ') Cation exchange capacity 5. 987+0. 437 Ca 5. 976+£0.527 Ca

+HEE Cd &/ (mg-kg ') Total soil Cd content 0.387+0.003 Aa 0.387+0.002 Aa

FHEA S Cd &/ (mg-kg ") Soil available Cd content 0.187+0.001 Aa 0.189+0. 001 Aa

T« [R5 HOHE IS B A [ QS 5 B 30 ] — 48 AR A ] 4k BEL 0] 22 5 8 25 (P<<0. 05), [ 47 EOHi Jm AR A [l /N5 S5 B 367 AN T A 2 i) 22 S b 35

(P<<0.05), #FA4[H.

Note: Different uppercase letters in the same column indicate significant differences among treatments for the same index (P<0.05). Differ-

ent lowercase letters in the same row indicate significant differences between rice seasons (P<0. 05). See table 4.

2.2.2 BACILERTELZHK HELIWLE
WL TICIE E TE NZ RE RS 1722028 9 R AG i S e RS, 4%

e R B R Cd & R R, A
KW pe R B NS A0 L A K A+ A e 4 TR
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it 1 RG K Cd & 40 3 LR R AR 3 (CK2) B K
71.739% ,56.522% ,59. 783% H167. 391 % , ifij I F&
W] 43 5 b CK2 B fI% 72. 115%,59. 615% , 62. 500 %
F168.269% . L& 7E H 3k R itk & CK2 F
MafE FE K Cd & it 34 3 T R RS (P<<0. 05),

2 4380 LLE H AN ) 4 58 00 B3 il 35 B
ERRAUROR Cd &£ R 5. 5 CR2H L, AN + 4

A R A i PR AN B AS Cd & 4 R B B L CK2 BEAIG
0.254~0.314 HI 0.303~0.353, F& #& 4> % M
51.626%~63.821% 1 55.091 % ~64.182% , H: v
DAt A K B Cd & 3 R B AR, A8 5 AE Cd &
ERE PN 0. 178 10,197, il Te 1IN R
MR R CK2 T A Cd B ERB YR ES T
FE(P<<0.05),

R4 FRLIEYRBEEINB/ARCISEMEERHHZM

Table 4 Effects of different soil amelioration measures on Cd contentand enrichment coefficient in rice grains

A Cd 4t/ (mgekg )
Cd content in rice grains

4b B Treatment

CAdEERE

Cd enrichment coefficient

L% Early rice

7 Late rice FLFE Early rice 1% 75 Late rice

f1 K Lime
1 W) 5% Biochar

ZA N+ YL Compound fertilizer+ Mineral fertilizer

A KA1 ¥ % Lime -+ Biochar

WL R (CK2) Conventional cultivation (CK2)

0.026=0.003 Eb
0.040=0. 002 Bb
0.037£0.004 Cb
0.030£0. 001 Db
0.09240.002 Ab

0.029=£0. 001 Da
0.04220. 000 Ba
0.039=£0. 003 Ba
0.033£0.002 Ca
0.104£0.000 Aa

0.178£0.007 Eb
0.23840. 004 Bb
0.224=0.000 Cb
0.20540. 001 Db
0.49220.005 Ab

0.197£0.003 Ea
0.247£0.001 Ba
0.235£0.002 Ca
0.22640. 000 Da
0.550£0.004 Aa

2.2.3 BARCIEEL LRBAK A A CdEF )
AR Xk R ST LA R OK Cd & 4 5 1 4 pH
fE SR 3 GOMT G, 5 AT ML 4 R B S 1 58
BB YW O S R Cd SRR B
FOG, 5 13T 2 Cd 5 4 B A 2 3 TE AR OG5 £ 38 pH

65 R L& 52 0 UM G, 5 R A U
i A O OGS RHEA PR S RS R Cd
AT Cd 5 2 5 0 235 RO O s BB 7 Ac i i 5 £
BECdERERFIEMK; LHELCAEES 5%
ARCd & i B IE ARG

x5 BACIEESLEBENERMCIEEMHEXE

Table 5 Correlation of grain Cd content with soil physicochemical properties and soil Cd content

=T s =N
A5 bt £ HEpH BT JHEEFACIE e e 5 Cd
Variable Soil pH Organic matter a hang Total soil Cd Soil available Cd
capacity
fE >k Cd Grain Cd —0.60" —0.42" —0.43" 0.42" 0.56"
+ 4 pH Soil pH —0.45" 0.29 0.18 —0.53"
4 MLJE Organic matter 0.20 —0.41 —0.40"
[ 84 F 28 42 15 Cation exchange capacity 0.40° —0.20

+ 3 5 Cd Total soil Cd

0.53"

T+ 7R BEAR E(P<C0. 05) , ** /R )k ik 35 40 56 (P<<0. 01) .

Note: * indicates significant correlation at P<C0. 05, and ** indicates highly significant correlation at P<0. 01.

2.3 FINERKRFE 1722028 g9 & F &l

2.3.1 HIKNZ A 1722028 L B M B4 L ¥
S5 LR X KR L R 8, B B X KRS 3R R A
[ 7 25 L X 580 84. 3106, b R 7K R ik PRI 4 1 - 2
FL X% 68. 29 %0, LA I 2 31 791 AN AK R JE A 5 X
PGS K 371, A i L X 1 TG 3 DR 41 A9 S 2 Bb xR
J90.03%, e XFPg R KL A B 2 L X R
0.02% , A I 1) A A PY IR 2 RK e 1722028 A 1fif £
AY AL 900 B A 1Y 68 43 [ 7H A L[]

2.3.2 ®INZRAS 1722028 A B 0l 5 7 Az 5] A F
HEREAEA 153 clean reads Z 5 , ¥ clean reads [t
PRS2 LA 7 91, 2 7% 3L AL b e i 25 4R
W26, F655FFH XS ZYFE NS .Y
Wit 900 F1 PG JIN 2 BRAE 1722028 L XF |2 % HL N 4

9 clean reads Hu 51 4351 4 0. 01% F1 0. 05% , ME— b
X I 22 F R 21 B — {37 B 1Y clean reads L 1 43 51 4
0.01% H10.03% ; # X ZH W) RlOKRE T &, Y P
900 A1 75 JI 2 JBR A5 1772028 H XF | 2 25 5L X 4 1Y
clean reads H. i 435l Sy 84. 92 % #183. 70% , M — b
Xf b2 % B K 4 B — i 1Y clean reads H 1 43 51 o
66. 5200 F164. 4104 , K &l [A] 24 57 1Y L X 38 2 B AL i
Z ] BHE A AT LR o TR IGV T B X
clean reads #F 17 A [ ]RUEE F 19 AT WAk, & F reads 7F
AT N CUTR L FE I R] XA 2 A 17 B0, (] st
W] A2 il A0 2 F (8] (4 junction K 5 reads 3 HFE
O, IGV T H X Y jR A 1722028 B 5, 0 7
A B KR AP TP AN 2 25 LR 2, G A K RS F g
JRPIAS 2 25 3 4 4R & b A6 27 8] Y juntion K



134 PH AR T 2 4 A AR B2 RO

i 55 3

15 8.5 reads SCHRPECEC I &), Ul B L 15 19 Bl BIL A 1
BT

HE— - di ] BWA %% clean reads H % 5| & 2 %t
R P31, 2 J5 00 RSEM 11 5 58 [ #% S AR 1Y
FIR K reads X IR A HLXT R ILF 6. NF 61
LA S 2 YA YN LY WAL 900 F1PE JIKZE JRR
8 1722028 1) reads b X 1 2 % JE K 20 1 L 451 14 A
0.02% ,reads Lt Xf 2% 5 K ok — 57 & 1) L 451 34

0.01% 5 AHXF /K FE T &, Y P 48 900 F1 PG JI 2 8K
1772028 (1) reads tb X _F 2 2 56 R 41 (4 HE A1) 43 ) oy
69.31% M1 67.27% ,reads Fo XF | 2 % 3k [H M — {3}
Y B 53 5 Ry 63. 7200 F62. 15 %6, B i B ¥ AT Y
bl XoF 38 2 BB i 22 1) 3 DRORD A S AR (1) 3R GA KO B
Al ek, N RS E B i sE T IR S
BN

*z6 SEEFEHRLLTF reads 3¢ E F # b 3t 2

Table 6  Alignment to the reference genome and alignment rate of reads to genes

27 SE ALY Xt read Xt 5 PR HE X 5
o Alignment to reference genome Alignment rate of reads to genes
BUR/AYEN:
- " 0 % — O3 S g % 9
KR i i rads iy HOTEBER WM ESEIE o reds LS sy
: : : [FI41 /Y clean PRl 2 — o7 B 1 X gy 5 SRR — e
Rice cultivar Total filtered S I 4 Species
reads reads LM/ % clean reads o/ % e fol 1 LB/ v
Mapped clean  Uniquely mapped Mapping r Dt Unique mapping
reads clean reads apping rate rate
Y Pl 900 Y Liangyou 900 64 645 000 0.01 0.01 0.02 0.01 PR
Watermelon
PN RRAE 1722028 [LiPIN
Watermelon sesame rice 1722028 64709 634 0-05 0.03 0.0z 001 Watermelon
Y P 900 Y Liangyou 900 64 645 000 84.92 66.52 69. 31 63.72 /Kf‘a
Rice
PR G 1772028 . K
Watermelon sesame rice 1722028 64709 634 83.70 64.41 67.27 62.15 Rice

2.3.3 ®INERAG 1722028 5 A X A R M £
20 IR PSR AR 1722028 5 75 JINFTK
FEIY 2R 2 G 2, 01 )2 AR 1722028 52 % LA
2 FF AR SR I, A 55 SNP Al small InDel #; o
SNP 28 7Y AR S5 ) 55 % 6 A0 B0 460 R B 2B 80 P I
JBRAE 1722028 5 2 2% e [ 41 74 A SNP 22 55 03 4

Hoh 1840 809>, Horh e 4t 1 324 658 4>, Bl 6 £k
516 1514~ ; V5 )2 kAR 1722028 52 % 3 R 4 KRG Y
SNP 22 547 5 80k 586 121 4>, Hirh 5% 3 % 420 973
A HUH 8L 165 1485 V5 N2 kAR 1722028 5 A~ 2
2 5L R AL T e B0/ R BO(E 4 B R 2,566 5
2.549, 2R RNRGRD,

R7T BRERB1722028 58 EERFNASNPERM A ER

Table 7 SNP sites between Watermelon sesamerice 1722028 and the reference genome

S % S A SNP 22 507 ni % T g LTES e B/ A B
Reference genome Number of SNP sites Transitions Transversions Transition/ Transversion ratio
74 ) Watermelon 1 840 809 1324 658 516 151 2.566

/KA Rice 586 121 420973 165 148 2.549

small InDel £ 45 ffi A KBk g 75 Fh 28 8 | AR S A
ST AR IR 8, MR ST LIF VR Z R A
17722028 5 2 25 FL K 41 04 I 1) 3k PR 21 4 A S5 2R o7 558
B4R 395 397 4>, Hor 4l A7 25 % 198 8304, Bk 2k

D7 S H196 567 /5 U INE RAE 1722028 52 % KL
ZH 7K A 10 35 DR A fe AR O A S B 129 576 4,
HR g A A B 62 687 A, Bl A AL 66 889

*£8 TINEMRTE 1722028 55 ZHE A small InDel £ F L S1F R

Table 8 Small InDel sites between Watermelon sesamerice 17722028 and the reference genome

=2 TE i A DL KL R 37 3 KL A B R A7 R
Reference genome Insertion sites Deletion sites Total small InDel sites
75K Watermelon 198 830 196 567 395 397

/K Rice 62 687 66 889 129 576

FE R 2] 7 91 — % 3 0 2 R 5% 5 i mRNA o B
VRN 1 TR AT T BE L A el AS [] 3 R 4 A AR 3R
B 25 . dE— 20 0 N2 RRAS 1722028 55 %

F R 2 (0] AR S S 3O = ) AR e fE L, 25 R UL AR 9.
LR LA, N2 BRAE 1722028 55 % KN
ZH P INAY 16 626 4 SNP i 5 5 85 3L AR 7] A8 4k,
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6 13043 [K 2 4 A 5 Bl 2 o7 o5 5 3503 PR ol A 5 7 I
FRKRG 172202 5 2 % 5L R4 KRG 12 980 4 SNP

AL S B P HE[R] LR, 4 869 /> Jk [K 4 467 A 15 ik
KA B U

T AMERBI7T2202855 X EFAEREHERTRER

Table 9  Genetic mutations resulting from differences between Watermelon sesame rice17Z2028 and the reference genome

S 7% H SNP A g, 3 PR A ) Jie PR LA A5 e 2R A 5 B PR K
Reference genome Nonsynonymous SNP sites Genes affected by small InDels
74 /R Watermelon 16 626 6 130

K Ffi Rice 12 980 4 869

3 3w’

3.1 KERMMBRCISEERNEZM

F T 5 36 12X 50 B 5% 1) 45 1 B A 05 DR R B AR AH
), My g 4% 18 R0 AR 2 B AR B AR AL, P I 2 R A
1772028 (V4 JNFG 90-11 Bt . P4 JNAF 90-11-6 , P4 JINFH
90-11 4§ 44~ VG JIAE 19 A5 K Cd & it 3 IK T - 45,
R A T 04 2 R AR 1722028 %5 75 JICRS i b i AR
o R A FRURITAR 3R 1 FRLELAT 35t 1 MR i e PR 38/
T 45, HAR & tp 2 g Cd UL Y9 OsNramp5 | Os-
Nrampl OsIRT1 1 OsIR T2 %5 3 X Fl i iz 26 1 19 %=
R KT U5, T BOCH R 4 Cd iy 55 1 i R
457020 ] B P I 2 RR A 1722028 45 7Y JICRE & A 14
PR K T 45, 8 Cd 78 KRS 25 0 45 1 B8R
PEAL T 22 00 8 BRAR T KR 2K R T R
CAL1# OsHMA3 % 88K 3 F1 1 R Ik K P, LA K Cd
[ VAR i LA 4 S S Q) Nl R 2
1772028 %5 V4 JIAG Fi K Cd 5 ik 2
3.2 AEATEYUREBHBRCISEERNZM

JKFEXF Cd A W s i e T+ 3886 20 Cd & &, 1
AT 8% Cd % i A2 B 8 pHAE AT HLIT & = F
BH B 28 i /2 (CEC) %5 + e B AL % R (0 fg i . A
WF T 25 SR H W, 2 0 AN [ 4 1 ol R 45 e Ak 2 s i %
P T - pHAE B 0 T A 58 5% 4 R BH B T AS 4
i, AT AR T 3 A Cd & A K Cd & i .
F B R AE T CO il A A K S5 A B pHAAEAR &,
AT LA T A 8 v s M R R TR M R i A 4 pHL (.
Fhn, AR 8 % Cd & i LAY A R 15 R
FF 5 K FEAR . OsNramp5 1 OsIRT1 3 % 12 &
FI Y 2638 KOF , S 80RE K Cd & 8 AR (2) 0t i
B EEASE&EAK Ca’ Mg 5T, HY
WA HOR AL R AR S BN £ 3 pH
{8, Cd T2 PEREA , 901 Cd 35 1, [F B3 9 o L AT
TRFL 25 48, /0N KL 8 20007 R B RE 7 4 i, 1 1 ST
AR G DR S5 Bk AR S AR T RS i+
Ry A LT & i, BRI Cd 1y L3 sk B, (A ok

Cd 75 5 BEAR o (3D it 1) A= 4 o 55 5L A 3R 11 L
F A AL HAS B A K R R G
B AR KT Na™ Ca” FIMg® " 23 JL B 1 1Y
W HF A HIR BEAR T e sc 4 vk H Fn g e bk AL &
I, AT A 3 pH E T T R A Yk R B O+
A LB A BH B sc e i, A b g R AL
W AR HEAT g T A ) A KRR X R C NP
0 0T 0 R G IR S Ak 7 A sg ) |, ol 1 R
J1, DT SR A 88 Cd i AR 0 A B B AR R K Cd

A~ 5[ 28]
LZEN o

=]
3.3 WMARCIGENERZRESTTHNEMN
FKRCAWB B R LB -KREOENZR, L5
Cd & 5 MK A B 2 3 8 de i 5 ROk Cd &
L TEIR LR B I R A e )AL B
VO RZ RRAE 1722028 FL A5 MG R A9 18 5 Cd % &
ZIE DA R A A 3 Cd Fr it 2 M 22 5 A g (Hvg
JNZE A 1722028 B FE ARG K Cd 5 &2 A1 Cd & 4 R 4L
A 2 T RS, U P I RRAE 1722028 L AE FI
e R R K Cd & B0 25 52 R R U5 F £ 868 Cd Al
AR Cd & w2846, X AT g 5 79 )N 2 AR 1722028
R AR [ B AR B A O T K R 1 A2 3 B 32 R
JEE 52 A Y I e R () A R T R R T
Z A R T IR A0 AR A K, B v AR R T AR RIAR
IB, FBOR RN Cd 1 WBCRE F7 38 58 5 v R T
A KR i R 25 T AR e, 78 I i ) AR AR R
HY Cd ) 250502 8 A L, S BORTKR Cd 1
SRR R R T R IR BT K RS AR R X Fe i, If:
ik Fe # /& % 4 (phytosiderophore) 1) 43 , 8] 42 ¢
HECd BB i TR PR BT 1 e 4 HE K R AR R Cd
] Z5 5532 SR IR K R 25 0 vh 1) Cd ) b #5527
Zi LTI M RERE K Cd 136 BEME B2 R LR L 76 Cd
T P AT R PN e B MR RS K Cd IR B
3.4 BIRGZTIEMMEIEZ A B FHI{R CdFH MR
AW 58 B 7R 9 VE R A 7K R 44 (] 2% 28 Bl P I
ZMRAG 1722028 FTEEAY B 900, 4577 1 64. 67 M
Bl a2 7 B VG JTCRT K RS P A 2 25 5 IR 0 345 Lo
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i 55 3

SR FE 22 1) A 3 R0 B SA I 3k KO B A
Al LB R JF HLBCHE v 5 o 6 PE R 2R 1722028 5
PO K FE A2 % FE R 411 SNP fl small InDel 2%
SR A AT R VE N R AT 1722028 5K Fi i) 22
S AL RUBCRC TS I /D | R W VE R 2 R 1722028 5 K
o PR 2 1 2 % OC R TR, 5 1 I3 PR 4 7 o % G
F O, DR O 7R T R G 2% 2R 58 R R BB E ST
1], 18 1% 25 5 50 K & R 45 2 FE BRI R AR A v i 2
AR S DT A A T 8 K AR S R, DL R
AR Cd i B 5 T A2 T & 8RR N o, R 35 Y % 4
1A% & FR AT Y R R 2 A e A s R AR B
P=LOF: e 38

Bk B IE RS BP 25 5 U8 A28 % 2% 58 A, 7 A K D
oA BRI G 24 A8 D I, A RRIE 25 AE R 45 40 (e
OARECH % 2 5, SMIE DNAE # A 284 221k
FEP 2 b AN IR AR 5 32 AR 0 AR B T AT RE 5 2
AL TR 2 45 #7857, AN 25+ T HE A48 DL 4 38
ol M B g 5 DX AE 46 A5 XY O AR K 2 3k fE
AR AR ZE 6 VS N R 17722028 5 2 %5 3L
D] 24 1) A2 S 5 O DR ™ 0 2 19 0 1 BF 5 R B, S
S5 0k F B Y 7 JIN SNP 7 £ v 35 PR A ] SO 85 Sk
PR 2 47 A 2R 7 S R RO i3 TR G O R BGR Y
IKAE B R R, 5 P A A R X — 25 R
ZH0 A S 5T e B R AR — B F A
X T B A S AR R TR RS E A5 A L 7E HAREE R
I R P B A AR S HE R AR T e X R A
R Ry 3 B G T RS, B % R
41V TR 5 7K R 04 7 4 850/ B 4 04y ) Dl 2. 566 il
2. 549, ¥ ¥ BUR AU 5 2 T Al 5 45 SR A
L9747 Chen S5V 4 H M 38 2% 24 32 MR FE K 18 35
E TSN SEZSu 48PS AN RS el B R g N2
PR 20 55 A58 43 ) 5 DX B 1) 5 DR 2 . AR AF oY
I I S A AR TE VY N AR 1722028 il 2]
68 >3k [ PG 4 36 5, Jir AR 328 2% 76 4 40 i 2% 22 B
J Sk A 4 ol I 5 BB A AT AT B, Ol B v AR i
JH 200 1) 6 38 5 2% A2 B il ol Jo 9 50 8 A1 B AR 40 -

4 45 8

(1) JC % % 28 b B A R T AR K Cd &
5 R UK RS A5 M E, P RS 1722028
PG IR 90-11 %t . P8 JIRAE 90-11-6 1 76 JINAG 90-11 45
AR 2% 2% 28 R R RE R K Cd & & R 0. 088~
0.095 mg/kg, Wi fF 1Y F K Cd & & 4 0. 100~0. 108

mg/kg, ¥ A2 B AR E 0. 200 mg/kg, 43 51 3%
IG5 A L 45 19 R OK Cd % 52 (0. 578 mg/kg) Al
MG e 1 45 B A 2K Cd 5 (0. 589 mg/kg) o

(24> ] 37 S J 38 K e o Pl A K 8 0 3 KT
LK R L A5, AR AR R T BURT AR A B B 2
JINTF R B KRR R 45,

(3) 5 H BUAR B 40 b, e ok 1AL B AR B
RFRCdEHRMCIEERE, A K EWx Z5
JIES 4 0 B R+ A ) o A Tl 1 S 0 R Ak Y R
FE RGOk Cd & & 20 B w0 B BRI
71.739%,56.522%,59.783% F167.391%, Cd &
B2 BFE AR 0.254~0. 314, [ I8 R 51.626% ~
63. 821 % ; W A A ok Cd & 4t 43 il BE AR 72, 115%,
59.615% ,62. 500% F1 68. 269% ,Cd & 4 Z B A%
0.303~0. 353, F& %}y 55. 091 % ~64. 182 % ; W A &
PR K Cd & B FARE K Cd & 4 2 808 & T AR 1
TR b

(DOFEK Cd 2 5 48 pH 4 2 0 8 3% M o6,
5 A P E R BE B T sS4 e R A G
M5 HELCdERERFEMX, 5 LA C
i A R A OG

(53 33 8 8 2k 44 28 /K R b 118 35 R ) a0
0 8 30 5 2 55 A5 R T 15 35 {06 Cd 7K RS 357 b I .
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