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Fl A CRISPR/Cas9 f REif& OsAAP13 MR fEXmIR
REE, BAUE, BHE, A OB, FRE, EFWE, AEE
(1. IR 2 R BT TR A VEY RN 0 T B E S S B A D RE R N A H F P E LT, 11k

M 225009; 2. M K TR E R E VMBS WV AR I EA1E P, YEIR B0 2250005 3. M B Fh T
BIFAFFE AT, L5 & 225600)

WE: [ B8 ) KA Onza sativa seRA R LR A T EAXRF ARG SR, BATAXERSBREG R, BHE
AAR R RGIRAEER, SRR BRARGRER L EAELEL, [ Fik] AH CRISPR/Cas) H K, s+ 3 ANHAE R
A ‘KiEA 307 ‘Wuyungeng 307 . ‘#H#2 9108° ‘Nangeng 9108° . ‘4%H#2 158 ‘Yanggeng 158" FEIL ¥ Sk ik
# OsAAP13 3B (LOC_Os04g39489) #1477 &lrk, MAETMEM R TR, SN TREMBIK, BOREEHRES A
Rokfi, A SEEFFRIELAADG. [BR] Os44P13 £HIGH 5 ROFTF P RIAKIER, REERBA R RICH L
MARI: OsAAP13 3R FH R Y rh K0 LB REMK, ERERIKTBEATEEG R ESHK (7.8%~15.8%) B3 5200
BORENH REY 5.5%21.1% #2558 9.0%~15.8%); EXDRESHALE R TR TH—Z LA 21%~8.7%), &
BRHBMENSHETHEAYR (4.0%~6.9%); RTERRBEAFNE LN BRETHERT ARLEE (2.9%~11.6%), [ %
# ] 3% OsAAP13 7T EARIEARAG AL B R Z R ak b HRE RAGK $ ANALIARF SRS KRR, AR kK
AT BRI RARAE T E R0 bk e, B 5 R 2 431

4R KAG; #EKS; CRISPR/Cas9; OsdAAP13
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Improving rice grain quality by knocking out Os4A4P13 using
CRISPR/Cas9 technology

WU Lingjun', SHENG Shujie', SHAN Xinlan', ZHOU Kai', BIAN Tianyu', DONG Yuze', YANG Yihao'**

(1. Agricultural College/Jiangsu Key Laboratory of Crop Genomics and Molecular Breeding/Key Laboratory of Plant
Functional Genomics of the Ministry of Education, Yangzhou University, Yangzhou 225009, Jiangsu, China; 2. Jiangsu
Co-Innovation Center for Modern Production Technology of Grain Crops, Yangzhou University, Yangzhou 225009,
Jiangsu, China; 3. Yangzhou Modern Seed Innovation Institute, Gaoyou 225600, Jiangsu, China)

Abstract: [Objective] Quality improvement of rice (Oryza sativa) has become a core topic in modern
breeding research in China. Understanding the regulatory roles of relevant genes in rice protein, starch and
eating and cooking quality is crucial for the genetic improvement of rice quality. [Method] The CRISPR/Cas9
technology was utilized to knockout the Os4A4AP13 gene (LOC Os04g39489), which has high expression levels
in the endosperm of three japonica rice cultivars ‘ Wuyungeng 30°, ‘Nangeng 9108’ and ‘ Yanggeng 158°,
constructing the corresponding mutants. Agronomic traits, protein and starch content, as well as eating quality,

were comprehensively evaluated, and gene function was validated across multiple genetic backgrounds.
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[Result] OsAAP13 exhibited peak expression in grains at 5 days after flowering. Measurements of agronomic
traits and rice physicochemical properties revealed that the knockout of OsA4AP13 did not affect major
agronomic traits of rice, but significantly reduced total protein content (7.8%—15.8%) and certain protein
fractions (globulin 5.5%—21.1% and glutelin 9.0%—15.8%). Total starch content increased in the mutants
(2.1%—8.7%), while amylose content decreased (4.0%—6.9%). Eating quality assessments of the mutant rice
showed a significant improvement in palatability (2.9%—11.6%). [Conclusion] Knocking out Os44P13 can
effectively improve multiple physicochemical traits and eating quality of rice while maintaining excellent
agronomic traits, providing important theoretical support for future rice quality improvements. [Ch, 5 fig. 2 tab.
31 ref]

Key words: Oryza sativa; rice quality; CRISPR/Cas9; Os4AP13

IKFE Oryza sativa &=t F i E B IR EBIEY Z —, BEE 2T A0 PO K 8 LS AT AR T i 5 i 32
H L, KAEE RO B AR T B — 38 SR R 7 2 W A 1) O R R T A DR R B T o R OK S R FR A
ML ONTRRE . ERA S BEEWRE AR E SRR E 4R RS . AEH T TR
“CREYI” EIEIKEN T, 288 BWO e Rk T 5w 4 AU REE S 25 L b i o6 br
A FAE K REIRFLH 58 R B, Hofr i Al E P TR D R oK 2% A A W o B 1 O B PR
R R EESEER S BT T, BOKRE AT S 28 W U 7R B 1 Al
KRR,

BEREFAEARA RN EZEY, hEEYEHaIANFEER . 2R E Ayt
KEBTREXEIEN. BT, KT OHREZSANDIRREEE AN KR R HE
OsAAP1. OsAAP3. OsAAP4. OsAAPS5. OsAAPT. OsAAP13. OsAAP15. OsATLA. OsLHT1, . rh
OsAAP1 38 2 78 KRG A 5l A K 01 4 /N P R i K R = 070 OsLHT 3 3 VA 45 FUR B50RT -k 0k
S KRR U™, OsAAPLS 1E [ PR/ NE B S BRI B, BB E R A S TP A RS T
JLED, OsAAP3. OsAAPA. OsAAP5. OsAAPT. OsAAP13. OsATL4 Wi it 45 K A8 53 BEROR 520 7K
FEr=m 0ol (AR RIS, OsAAP13 WG 17 81 b & 48 V% 2 A1 7K A% 19 2538 28 i 7 7 4 1 ol 362 1) 37
Joft, VW OsAAP13 R g2 SAEA Y a ¥, Os4AP3 . OsLHT1 $IESE 2 58 KR 7 (0 5
AR, X BB A T L S AR T, Os4AP6 . OsAAPS JE KRR TE M
0 TE R AR AR S SRR T, KRR E IR B RE —E SR, L Os4AP8 TE i
FERLE SR ot R [F] B R 2 SR RN IR #0070, 2K B SRS T, #BR Os44P10.
OsAAP11 AIMCEIKFE I IRIED ™, OsATLOP fu ¥ 4% S W e FINH MAR R B ZE M H%38 , mibR s T2
HEZEM K

ZE L, B 2 R AT — SO G LR 18 B A L IR K R P e AR DG IR AR 2 ), i ok 7K e i Ptk
PR, BET, BRCEWITMENT T OsAAP13 W25 23k 55 M K X AR 72 R bR 1 8 428

AR, TE3 DRI REARIG SATTS T, MK FEMIL T R R IEH 0s44P13 (LOC_0s04g39489) #4171
MR, ST OsAAP13 MFKER F BT . TEM M8 BWRRHE R IREER, KA B & g AL s
SRR B R

W R

1.1 #

PR KRG R 3 AR AP . ‘ECiE B 307 “Wuyungeng 30”7 (WYG30), ‘Ff# 9108"  ‘Nangeng
9108" (NG9108). “474# 158” ‘Yanggeng 158° (YG158). 43 I 7E T I 4 M 7 A i 2 % 7K B
AL RUWATFIAE , REATAAE 10 ¥k, ARATIEZE —°F 20 cmx20 em. 4= B W S0 it A o £k (] A 2
Tt
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1.2 E &gt S RTRM

OsAAP13 (LOC_0s04g39489) 1t 4 14 /3 51 3K B H RGAP [ 3 (http://rice.plantbiology. msu.edu/), F
OsAAP13 %5 1 ARt T—MEIE R FH] . CCGCCGTTCCTCTCATCTCGG, %78 45 5t
G ATG Tl 37 bp &b, FJH CRISPR-GE i (http:/skl.scau.edu.cn/offtarget/) X i #L o7 x5 14 7 B 4L
O3t BRI E A RS T SCEREY, R 3E I E AR HORE Bt (NCBI)(hitp:/www.nebi.
nlm.nih.gov) 8 A1 AT 5 [ H) OsAAP13-jc-F: AATCGATCGCCTCCAGTAGA I OsAAP13-jc-R:
GGAGATGAAATCACGAGTGG. KM 175kt = B B Ab £ (CTAB) 72 48 ik 56 [ M AR L [ 41 DNA
J&, AT PCR &34 K P53 B 45 78 R AR RIS
1.3 HEEK S KN

W R FT B Agrobacterium tumefaciens 335 (RIUAZEAEYIRHEA BRA 7)) 2645 T, 53R . K
AT Ty FHMARRFIREIAL T, £0XF T, BEIR, HbkeoRAEM 7 IF#E1T DNA $23C, RHFFFPET 1Y) Cas9-
F: ACCAGACACGAGACGACTAA; Cas9-R: ATCGGTGCGGGCCTCTTC (FHF4ill Cas9 J:[H) 5 Hyg-
F: GCTGTTATGCGGCCATTGTC; Hyg-R: GACGTCTGTCGAGAAGTTTC (Ff T ¥ I il 5 & P o 3k
[K) #£47 PCR B0iiF . 384 H AR Sl 2R A0 Ry JoME L R R 5 i 415 2 A8 I
14 FERDPEBARSH

W 25 KR i Bl [R] S 70 9 2 6 B 28 A8 SRR AL, T3 MR R, S8 BVE 4% RUEATIR A USCFP, R85 A
¥ o flEH] Kjeltec 2300 H & /3 HriL (FOSS) M Kby SR &, JFEE T A4 28 (6.25) AR E A &
o AR B AR 4 sy, HAEMERARLR . FREL 100 mg BB E T 2.0 mL A9 B0
tr, A 1 mL ddH,0 $RBUHE A, [ 1 mL 1mol- L™ NaCl$2BUBRE 11, 1] 1 mL 2 B i 48 B s
WM, fH 1 mL 0.05 mol-L™' NaOH #2144 4348 30 °C. 200 r-min' IFER TR 2 h )5,
FIEWEERS E 10 mL EL.DAE T, 76 4 °C ZF L 10 000 remin! (3E RS 15 min, BE 3 KEEHE
HW . EEAT, VWA R T-20 CHAREET .. IS5 H BCA & 1 e &8 & dbst AR
Al ST .
1.5 FXRAPEETEHINZEERNS T

EHEVERY R FHRE LI E . 2% NY/T 2639—2014 Rk B TER B9 E 7B, JExiss
IR R T E B, BRAERBAT . DL 4 C O BB E M B B N 1.5% . 10.4% . 16.2%.,
26.5% WIFE S AE AR HERE L o PRI 20.0 mg R IUAE & S AR HERE A E T 2.0 mL B.08 T, EE PR3 K,
B RO 100 pL Je/K Z 1 1.8 mL 1.0 mol- L™ () NaOH VAR , 75431650 Jo IV 6 1 [i] 52 1 25
DR L, FEECET 60 °C FERH LA 200 r-min™' YR 1 h SERUIL . BR 100 uL IR SRR 2%
£ 9.0 mL ZEM/KHY 10 mL B5.04%, RN 200 pL 1.0 mo+ L™ ZERENIA WL (pH 4.3) F1 200 pL J5i & e &
9 0.02% TR, FE A E A0 15 min, I EFFRY (BioTek) T3 K A 620 nm F il & R4 W
HIWERE . FIHARERE ST AR E N e, AR A TR 5 Y BB VE R BT it 73 40

S VE M SR BT Bb (e e B9, IR AR AR R 5 T TAE R, DI P AR - TS I AR R
0.4% 11 B -G IR 0 (0 50), FERFIAE S S ARERE & 20 I AR R 850 52% B3R 30 mL, 5824k
VSIS R RO 2 & 50 mL, JFEARRE 25 A% o SR FHAE BERR B, 1w o V8 M0 V4 VR 53 0l s R 22 AR RRL 23 2K
12.5%. 25.0%. 50.0%. 75.0% F1100.0%, 4B 1 mL # B 5 6 mL B @FTRAIE T 10 mL (95048
o, WK EAS 5 min ISTER R TEVE . BE, EHIZERA OO TR, T 640 nm &b
D TR A WG .
1.6 FERERIED ST

FREUREK 30 g, HASRAKEYE, MK, ZROK K (B h)=1.0:1.3, HUEACHIE i % B A48 5=
W0 30 min, 5 AZEHZEE 30 min, WS HIH] 10 min, FTIFZER BB RARDT IERERE Gl T B4 WX
10 min J5 X 3585 90 min, 7 M A B RIY (STATA) 30 min, A% N H AR KRR gE TR 1 .
FRECAEAF BRI 8 g 26 A4 J@ F b B TR I E REOK B ORME . IR EE TR0/ G HOR, il a4
BHEVERY . BREBT. KA KPR & AR b 5 IR A A OIS 2 R A
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1.7 KXBEKIERZHEREE

FEKFE R, A0\ 3 A8 AG T 5 T 1025 28 A8 1A B B A UK R v 43 SR B S A Bkk, AR e it L
PRim . rBER. RERERIEC. S5S0R. RIK . RITE. EORIE. HroRCK HUR T A AR Y (SC-G A,
BUIN T BRAS IR A FRA w]) #4750 HT .
1.8 EERESH

FEKREALSG 5 5 KA IR 3 A EFp AR . 25 b MR (SDAF) BEATHORE, JFAHEEXTTE
J5 45 10 X (10DAF). %5 15 K (15DAF). %5 20 K (20DAF) (4 F 347 HUkE , {fi F RNA 42 BUR 7 &
(A0705A, RMRAILFBE A RA A FEBECE RNA, FF O S0 & (520924, X4 4:9) &
¢cDNA. Ll cDNA J#iti, f#i J§ CFX96 Real-Time PCR % %4; (Bio-Rad) Hl SYBR qPCR Master Mix (Q412-
00, Vazyme) #4750 5% # PCR (RT-qPCR) # il . Frafill#f 2/ & T 3 MEYEER . LUK
Actin 3 W (Actin-F: TGCTATGTACGTCGCCATCCAG; Actin-R: AATGAGTAACCACGCTCCGTCA)
YEMNZ:, OsAAP13 1) qPCR 15148 OsAAP13-qF : CAAACGGCCTTGTTCGGCT; OsAAP13-qR: GCAGT
TGGACCTCAGGATCG.
1.9 HTBEHH

fdi FH Excel 2021 2= FHECHE FIVEIR], SPSS 25.0 X Bl 4707 22508, W& HE7KF8 0.05. i fr B
BILSP AR RN .

2 ERERH

2.1 OsAAPI13 RiZERX ST

RT-qPCR Kl &5 %KM . Os4AP13 7E AR FKAG i A 2 2 B KR, fEEE5 5 RIvF T
MR, RS B A B R R W A MIEAR L R AR AR IR KO, FEZE RN
ARARFEE (B 1), R 0s44P13 LRGN T 5 B I 5 EEEH .

25
m WYG30 = NG9108 = YG158
20+
: |
- h! 1
iy
% 1.0}
0.5+ I &
I I = ' = I
oL - Bl i
R ES ) bk 5DAF  10DAF 15DAF 20DAF
HRAL

A AT s R KFEAE G 58S R 250 Wy WS G RN R R & A B B R F-iE 47kl SDAF. 10DAF. 15DAF. 20DAF
SMFIRAESG 5 108 150 20 RIGFIF. Al #isE 73N Em5EE.

B 1 OsdAP13 RABEX5HT
Figure 1 RT-qPCR analysis of OsAAP13

22 BMRIZITESRTERBSHT
B BT 45 N3 1 7R . OsAAP13 3B ARAE A L IR 2H b % i 50 XURS: #8406 o %F 3 B AR 5 AP gk AT

R 1 OsAAP13 RSB H

Table |  OsAAP13 off-target analysis

POCREN {315 /bp gl Y % FH X 42k

Chr 10 1934 247 CGACTCCCTTCCTCTCCTCT 0.028 SR
Chr 1 41363 176 CGCCGCCGTTCGTCACATCT 0.006 A 1]
Chr3 36 409 463 CGCCGCCGTTCGTCACATCT 0.006 0503g0862300 HET
Chr2 25001 697 CGCCGCCGTTCGTCACATCT 0.006 SR

Chr 2 660 940 CGCCGCCATTCGTCACATCT 0.006 BEA [1]
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OsAAP13 PEATBAIRERIR, Ty 43 03KA 10 13 F1 13 ARFHVE SRR, K IRAS 0 Ty FHPE BRI T, BE R o
FIH Cas9 519510155 K 51 Py ae A7 FIVE PRARRGR 1, X0 208 HH 10 B P Sk P A 7 A5 5 P 3 1 1 Al )
B2, WYG30 Fl NG9108 73l #1146 A 1 bp FlfkZE 2 bp By 2 522268, YG158 $R Bk 7 bp AL
BRI (K1 2). DA LR AN 248 ) n] RETE W 24 SR S A 5 72 |

0sAAP13 5" /L L B - 3

ATG---(37bp)—- CCGCCGTTCCTCTCATCTCGG

13-wyG30-1 CCGCCGTTCCTCTCATTCTCGG  +1bp
13-wyG30-2 CCGCCGTTCCTCTCA - - TCGG  —2bp

13-NGo10s-1 CCGCCGTTCCTCT - - TCTCGG  —2bp
13-NG9108-2 CCGCCGTTCCTCTCAATCTCGG  +1bp

13-YG158 CCGCCGTT=- = = = = = = TCTCGG -7bp
B2 OsAAP13 £ R RS SAt b 8y R T KA
Figure 2 Mutation types of OsAAP13 in different japonica rice culitvars
2.3 OsAAPI3 REEHRZHERAE
N OsA44P13 B BERIIR A ZMARIIFEN, B5 T 3 AR RAARRIACZPER (B 3 F13 2).
SEREH]: BR 13-WYG30-1 RASMR IR FORLE Y Ak, HAR R AR ZERSHS
AR TG4 2 5 . 25 1, OsAAP13 PRI K AE 2R ZMaRIT o R K

WYG30 13-WY/G30-1 13-WYG30-2

{ (I |
NG9108 13-NGH108-1 13-NG9108-2

13=YG158

He 1R 9 10 em.
B3 FAR e OsAAP13 R ERHEMRT S
Figure 3 Plants morphology of WT and the OsA4P13 mutants
2.4 OsAAPI3 REEHIBEARENHTN
M 3 A b B BEF AR R 5 98 AR R REDOR B T LA AL r B T, 2526 WYG30., NG9108 Fil YG158
14 5 A5 A v iy SR 1 R A B0 B R R (P<<0.05), Hirf WYG30 19 2 AN G AR K 43 B AR 11.7% F
15.8% (1K1 4A), NG9108 11 2 MARMSM I F [ 9.0% F17.8% (18] 4B), YG158 HUZRAEIAK R 11.6% (& 4C).
4RI R A R AR B R R . 3 A 7E NG9108 i 2 AN 8 A8 1R e 13-WYG30-1 i 3% K %
(P<0.05, [ 4D~F); B A 7F WYG30 /Y 2 4~ 28 48 1k & 13-NG9108-1 ' I % T F& (P<<0.05,
K 4J~L); EIRE A b S R 2 A E A U RERE A7 T A RA R R 8 T B (P<0.05),
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F2 B4R OsAAP13 RTEFR Z MRS

Table 2 Analysis of agronomic characteristics of the wild-type and Os4AA4P13 mutant lines

RAN B /em SrBERL R LRI % K /mm Ki 98 /mm FIRIE /g
WYG30 100.9+1.3 a 10.0+0.9 a 192.2416.0 a 93.1+14a 7.21£0.05 b 3.65£0.04a  2.77+0.14b
13-WYG30-1 99.842.2 a 9.3£2.0a 185.347.1a 89.3+2.7a 7.28+0.05 a 3.69+0.07a  2.8240.04a
13-WYG30-2 99.3+1.2a 10.0+0.8 a 189.3£10.1 a 91.3+1.7a 7.230.15 ab 3.65+0.05a  2.7240.14b
NG9108 94.142.1 a 10.5+1.4 a 176.8+10.7 a 90.5+1.7 a 7.11£0.1 3.85£0.03a  2.78+0.07a
13-NG9108-1 92.1424 a 10.7+1.6 a 179.0£19.1 a 88.9+2.6 a 7.16£0.06 a 3.77£0.05a  2.71£0.05a
13-NG9108-2 92.3+2.4a 10.4+1.5a 185.349.5a 89.3+2.0 a 7.11£0.04 a 3.80+0.0la  2.7140.06a
YG158 77.9+3.5a 8.3+0.6a 130.246.9 a 91.742.0 a 7.06+0.29 a 3.64£0.042  2.78+0.12a
13-YG158 78.8+3.1a 9.0£1.0 a 140.3+23.1 a 89.3+2.9 a 6.98+0.03 a 3.69+0.05 a 2.7240.04 a

VLT Ry 2N 2 EAR R, AE/NG TR — SRS R AR A R 22 5 3 (P<<0.05), BTAKINARBLE T
SRS,

WYG30 ZAMAR T A FERE 1 R IEIERE N 5.5%~18.0%, NG9108 ZS7AMAR T I FIERE 1 FREIERE R 5.5%~
21.1%, YG158 SRS HMERE A FREIRE N 8.3%~15.0% (K 4G~I, M~0), %4 I, OsAAP13 T3
IR RE K 23 2 R ER AR AR R R AR

A D G J M
100 ¢ 3.0 9r 6r a 601 a b
~ ~ a5l ~ ¢ = ~
T?D 80 T?b 25 Tw6 o0 A b b o ¢
ol L 201 5 6f 24t L 40t
g £ st g = £
< < 1 < Nini <
I 40} a a i
B g 10T g 3 2 o 20T
m 20 ¢ HZ 05| ® iz &
S O 00 RS S S & S >
& L E S L & & L & &
é« K\ Sl S S
& NN NN NN
B E H K
100 a 6r a
—_ —~ 10 b = b ab ~
— 80t T = c P
: e 2l
ER H 26 = E
= = g a =
a 40 o o4 w2 o
;H}Eﬁ{ 20} il o, i iﬂé
o % % & )
0 0
S SN Y Y
S RN N ¥ &
S S N S N
= 6 RIS RS
/ N NN
C F I L
100 ¢ 9 a 6 a a 60 ,
~ ~ ~ b = _
o T o o) T b
: : 6} e 4 40 +
on an on E on
g g g = g
< < < Nini <
i N 3 2 I ol
i b b bl e 20
& i = o &

0 0 0
0 YGI158 13-YG158 YGI158 13-YG158 YGI158 13-YG158 YGI158 13-YG158 YG158 13-YG158
KA RAN RAR A KA RALAK
S DR 7 AT RIS 2 TS, RIS 7R 5 B (P<0.05). FTA R RE T3/ Em T,
B4 OsAAP13 REARMHEREGLE L RO REHHK
Figure 4 Grain protein contents in wild-type and Os4AA4P13 mutants
2.5 OsAAP13 REHH BIEMSEMEBRETNL
5 SSAR VR I T R T Bt \ﬁﬁ~ﬁiﬂ’a%}%ﬂ: NG9108 1 2 DFRAZKSFHIHGIN T 2.1% F1 3.4%; YG158



700 LA 3 Nl N =+ 2025 4E 8 H 20 H

FRASRIETE 4.1%; WYG30 19 2 NSRRI IR i .35, 3K 7.3% 1 8.7% (Bl 5A). S22 MR, 5%
A A BB E Ry T A BOR R A B INIE B R R, T REIR R 4.0%~6.9%, fE 13-WYG30-1, 13-
NG9108-1 Fll 13-NG9108-2 Z2 A rh N3k i /K (P<<0.05, K] 5B). ARSI it 58 28 1A 1) A5 A s 2
WA S, (R fb A —, RIANEEM T E S LT, EREEm RSB, %L,
OsAAP13 SRR TER & 5 A HA B0
2.6 OsAAP13 RTEHRKRENE

HE— 2B PR RIS AL T 5 S8 AR R R R B RAE B« T 28 2R IR I RS K 2 R 359 & A6 A ) A A
Tk WYG30 1 2 D58 B TE 3.6% F1 8.3%, NG9108 [ 2 I ASKIE IR N 6.7% F1 2.9%, YG158
MY ZRASR T T 11.6% (P<0.05, &l 5C). 3RW] Os4AP13 B kR ]G RCE R K IR (E .

(@]

A B
1000r . 41 p ab @, 2007 | L 100 - .
S I T moboa i F e
= 800 - TL:\D 160 : | 80 - b b a, b b
?D 1 1 bﬁ ' ' I 1 a
%O 600 ! ! é 120+ : a b b : E 60 F : : b
= o= = ! I
2400 | ! =80 I ! & 40| : |
A & | | i :
3200 | : w40 | | 20 I |
1 1 1 1
0 ! ! 0 1 1 0 |
N N N e N N
DN S EF S NS EE S SN S EF S
SELSS S C LSS S C° LSS S C©
SO N SN S A T S G
KRN KRNI RN
KA KA RAN

B RRE T EAN R £ B, AENSTFRFREREEP<005). FraklHgs 73 M Emyisg.
B S OsAAP13 R EARGG Bigh . AETH R0 2kl

Figure 5 Total starch and amylose contents, and tase scores of OsAAP13 mutants

3 ik

AR MY EEmANEARN FLEEX, BOE A 2R 121K (AATs) 7] /- F 2 518 AR JE 2 A1)
%3, AR TEREAEAD, CAVIRERI . AEAEY YR R E SR s
BIEMR T I EAE T RSP, AATS [ [R] U5 8 PRI 7T /5138 98% , i A 55 S 235 A i 1) FR 7 1 v —
B, MR IEE R CE BT AR T, BR YGI58 R 3KAS 2 /) LAY RAS A, {HH
T Os4AP13 1 3 A~ fFh b A AL B RIAREE, 8RR OsAAP13 R 3 A Sl RS A it Jo A 52 e . B AT AR B
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