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WA EANEF AR BIE 11 1 3 f%. 2018 £, Du
UK T — DAL TE R 2% 7 S 1S41
RA IR 2E RANK phs8, W IRFL SR 0,
$30 OsABI3 1 OsABI5 WRIE R FEAK, X o7& 1R
ORI PG, 3R B Bl 0T VR 7L R AR I 2 R o (1) AR
AR FIHE K o

AT VE 3L R AR AR 2 — PRE S B VE B B LR AR
e, BN R B IR e & T R E Rk,
T fHE BB S A RE . F2 3 AN R F RV L o AR
A, XTI R B DA D RE K™ S B A B =
Mo AW FE LK TG B FL R AR m5788 AT
MR, fERE A AL IERE b, EiR T RS 2 AT
IB MR R KR, RIE & —ADIKRE 1541
BTSSRI AR S, SR T %I R R IA TR P HEAS 1)
Rk

I RS

1.1 3t

HFIE LR AR m5788 WG S AR g 11
PR TR ER IR 2. ERBE R A
RN MET, Z2FME, HEgaRkREMmERE
R AR 11 o HiE, RFLRAR R REfa e
WL, BAJIERL BRI . 2019 4E4 H 5 1EH IR L5
Fl IRAT129 L A4 4, 2019 E4, TEHFrFE
FEWGRE) Fofp e B oK, PRkt ok, 2K
HER A, oW N B IR RO T R R e AL,
[ ER R A, Fhr BT ENE TR E.
1.2 R E
121 &2&R54  KHEMERGEAE, BPLIERRE
R m5788 S AT 10 th, FH8MRmE . 2K,
WK, ERRE. — IR RER. OB R 4
SRR IR
122 e mae  Jie 11 m5788 MaFh ¥
M T25¢ )5, FIH Perten /A ] ) DA7200 %3z 414k

A B R AR . AR AR S
SEE MR, BAMENIE 3 k.

SR FH TR Eb 2 R U310 5 Rl VA RS B i, R KR
EHEAEK K E 2, T B4 11:00-11:30 B
KR E — BRI AR, AR, N
~80°CUKAEIRAEARFIN o FR/KFEAE HAIZE K R B 2K
B, BUSRIKERL, ARSI, N-80°CUKF F
W, FAEHE 3 K.

123 DL-KI#& H10 Kifh7, K5, & 30°C
A TFIEAKIR P 240, WE 3 KEE . HIELRT
RISy, 0 20uL 2% L-KI i, 5648 S
J& WK AR T 2 RIEW, /£ BA410 B 58 ~
W5 e 155 L 11 R

124 BARARZAZASFRROGFL LFTE
11 F1 IRAT129 NsEA, ik 51 0 An T 12 54
AR B Z A1) 197 X SSR i Indel #ric, FIH
20 tk Fo B flom 44, J8 I TPS LS B 2
DNA, % DNA Vi, ffiEiEBibrid. AR E
B R, JERFAML, §ORENMEEAR, X H bk
R TR e (£ 1) o FIH Gramene Chttp://
www.gramene.org) A1 NCBI Chttps://www.ncbi.nlm.
nih.gov) ¥¥E FEHEAT BAR G IF &, X E H ARHE Al
9311 JEFH 741, F AT N/B AL 25, F Primer 3.0
(http://bioinfo.ut.ee/primer3-0.4.0) K AFHF & SSR
Fric, 7& RAP-DB/HOME ] Blast W3k Chttps://
rapdb.dna.affrc.go.jp) EEXTHRFRME, H4RF 7 1 4 0F
(151 Wik AL E R E A IR A 7 & . PCR ¥4
KH 10uL MK R : Premix Tag Sul. 1E& A 54
(10pmol/L) 3t 1L DNA 4R 1uL 1 ddH>O 3uL.
PCR 5514 94°C TiAZ 1 2min; 94°C &M 30s,
55°C~58°CiB ‘K 30s, 72°C #EH Imin, ##E 35 4
PG 72°C ZE{H Smin, 4°C {f17. PCR =4 8%
A7 A 5 TR A T g B S FL K R % S £ J R SR 4 R
Hidsk.

£ 1 FFFLH Indel F1 SNP 5 FARIC
Table 1 New developed polymorphic Indel and SNP primers used for fine mapping

Fric Marker

1E1A5] %) Forward primer (5'-3")

J% 75| Reverse primer (5'-3")

78-25.6 CTCGTGCGCGCGCACCGTTGG GCAGATGGATGGGACGGAGT
78-25.7 TTTGGGGCTGGAGCACCTTG CATCATAGAATGTGCTGA
78-28.8 TTTTTCTTCTTCTCATGCCTT TTTAGCTTCTCTTCCATTCCA
78-25.9 GAAGAGAGCTGATTCAGGAGAGAGC ATAGTTAGGCAGCAACAGCAACG

78-26.2

ATGATGGTCCATAAGAGTCG

CAGTGTTCAAGATGGTCATTG
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12.5 RNA#HEQRT-PCR £ %54 Bl 10cm  2) , WZRH/KHG Ubiqutin (0s03g0234200) , X
HiE, H RNA o5& At B AR TR A F| Takara A @457 & TB Green™ Premix ExTaq™ II
")) EHUE RNA, H RNA REFRAE LIS (Tli RNaseH Plus) JJ¥ifA %, £ BIO-RAD CFX96™
NEMBHARAED 345 cDNA. FIH 1S41 Real-Time System (BIO-RAD, #[E) LT HEx
PUL R E A RRBX FH iy 851 (8 No BMERER 3 K, DL 22T RN RIA .

# 2 qRT-PCR T34
Table 2 Primers used for gqRT-PCR

5|4 Primer IE 7 514 Forward primer (5'-3") JZ 171514 Reverse primer (5'-3)
ISA1 GTACTTCGATGTCTCCAATGTCG ATACTCTCCTCGGCTTATCACTG
PUL CCTAAAGCTTACTACCCATGCAT ACATGTCCTTGTCTCCACTTCTT

. BELZTHAR (95+2.1) , ARMEEREZE=T
2 BRSIH PpA R S EP A RUA B, mS5788 FERIHT (184.0£12.3)
2.1 FFHEBIFNSRTT R m5788 HUREI AR R AR (278.0+45.8) 1 66.2%. RARKT

RAK m5788 kB TAERG A AL 11 A KiE (15.620.87g) UNEFAR (29.6£1.95g) 1
RFRE, LM HEEMERIL, FFRSgEHER 52.7% (K 3) o FFAERRORWW . MAEEA.
RIFGE . REMRFLERKI, m5788 FIakkmy Mo EW, 1 m5788 FALMKEK 45 . MFLiE M
100.2+2.7cm, & TEAER (117.0£2.8cm) , KA (B le~d) o H L-KI etk i, B AR R IR Lk g
P 257 (A1 BE AR X A, B T 14.9% (. B, m5788 FEARRIRFLME e iR K 0, Ui
la~b fIZE 3) o mS5788 FRAMRKI /P EERL (12.6x1.9)  EFAEADFRIVEN & BANF R IEH, 10 AR (RO HL

HPAER
Wild type

0000000000

m5788

MO
e

— A Wild typ '
(a) FCHSHRERE; (b) MR (2 BFPARL, £ mS5788) 5 () AFRLAMI (BT 11 5 AMI 2 Bl; m5788: Pl 2 D 5 (d) Hi%E; (e) -KI
ety
(a) Plant at maturity stage; (b) Plant height components (left: wild type, right: m5788); (c¢) Grain appearance (Zhonghua 11: two circles outside;
m35788: two circles inside); (d) Grain width; (e) I-KI dyeing
1 BFHEBIASRIER m5788 MRBLEE

Fig.1 Agronomic traits comparison between wild type and the mutant m5788
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®3 FEBMREE m5788 REMIRLLER
Table 3 Comparison of agronomic traits between
wild type and the mutant m5788

REHER BN S
Agronomic trait Wild type Mutant
##1 Plant height (cm) 117.042.8 100.242.7"
3 BEEL Tiller number 9.5+2.1  12.6+1.9°
1 FEEL Effective tiller number 9.3£1.7  13.1x2.7"
K Panicle length (cm) 242+13  20.6+1.0°
— KA %L Number of primary branches ~ 14.0+1.8  12.9£1.1
T RFEAE % Number of secondary branches 45.8+4.0  43.0£6.6

FURI# Grain number per panicle 278.0+45.8 184.0+12.3"

455 Seed setting (%) 97.0£0.0  95.0+2.0
TF-hiE 1000-grain weight (g) 29.6+1.95 15.6£0.87"

“r FOREP<0.05 KT EEREE, 7 XRIEP<0.01 KF
EERREE, TR

“*” indicates significant difference at P < 0.0
significant difference at P < 0.01, the same below

WEMEANIER (Hle) .
22 BFHEBIFNZRTK m5788 FFRL MR AR LB FR

vkl

Xf m5788 AP AERFRIR B A BB
JUE 7 IR 5 AR T R 88 5 LA D B Joi P bR 1) 0
S5 (R 4) KW, FLHEDT RASX ARG b o ) 2R
A= A TR R IS . m5788 BRI T E RN
7.58%, BWEFAETIN 5.67%3 N T 1.91 N H 5 5,
B S RBHINT 0.36 NE 4, IRIER & i
T 152 MEn . T HEEEN SREE T,
BRI, RABAARVE #y o B 98D ] e R AR AR S REVE AR
F, S5CERER A KR B FEAC T 14.66 4N H 7
M WEESCRIX — 2510 .

F4 FERMRTERFIERLR

Table 4 Comparison of quality index between

5’ ko9

indicates extremely

wild type and the mutant %
iR FE AR Quality index BFA R Wild type 4B {& Mutant
7K43 Moisture 9.99+0.0011 9.89+0.0004
¥ {5 Protein 5.67+0.0005 7.58+0.0012*
HEEEEN Amylose 19.26+0.0035 19.62+0.0008*
R WiTR Fatty acid 14.67+0.0113 16.19+0.0092"
JEHARE Gel consistency 50.63+0.0073 35.97+0.0227"

2.3 FFHEBURNZRETIR mS5788 FFREIREF T S
T m5788 ¥Ri4i4E, kR, TR R
A BB BVERD (1) G BOP IR T I . FEAE R
TR AR I I R S (B 2) KRB, 55
AERIFAEL, m5788 FEAC IR I i nl i RS S N
0.33mmol/L, FHHAIVAPENE & 84 0.42mmol/L, B

AR NS B4 A 0.21 A 0.23mmol/L, 25t
PIER) 7B KT AR SR T, B
RUR mS5788 R RE A 2 1 22 BE B 1 K RAB A
J KT L AT V5 MR S oA 1.83mmol/L, BFAERLA
1.00mmol/L, FRAFAL NP A R[] 1.8 fi5 o

O A7 Wild type W A4S /& Mutant

2.5
$ok
S L [
B 3%1 2.0
WFe st
ZoE
=St 10}
®sg ok
E‘ n g skek —
S 05 — I
TR FEIE S R RL
Leaves at Panicles at Grains at

anthesis stage anthesis stage

7 FIRE P <0.01 KT ERE

“#%” represents extremely significantly different at P < 0.01
2 FARMRTHFEFATREES SR
Fig.2 Comparison of soluble sugar content between
wild type and mutant at different stages

24 BESH

PARAZNA m5788 NBEA S IEH WAL A IRAT129
WAL, MR EIHER . iR S M1 IR
LR R TR 2 5, BEALAEX 341 KL Fy B
T, BEFRKET X BOUR T T iU,
L TR R FURFRLR 4 4 R FUFFRL R H 43501 277
64, 54 3:1 (2=1.09<y20005=3.84) [HIFLL />
BIELB . HHICHERT, SRR m5788 ()4 4a R FL IR
52 1 0 B A% JE DR 4 i
2.5 FEHEI

M Fo BEAR A BEHLIEER 20 AN AR ARV SRR )
2 ZH DNA Wb, B 37% H ) o0 A T oKRs A dik
[RIZHL IR 197 XF 2851514, AT RAZ LR (1) 381 43
M, WL e 8 S5 Y tafk L1 Indel 514 Z8-24
M 78-26.2 5RAFEFER, FAIH 66 A Fa il
BRRXT 2 AMFRid#EATIRAE . A Gramene W
(http://ensembl.gramene.org/genome ) Fi ALK FE 3k
P LA s B, EYERM X EDHIF R T 4 4
SNP 4> f-hric (Z8-25.6. Z8-25.7. Z8-25.8 Fll Z8-
25.9) » MM 569 4 Fa FaE SRR Hibk, HR 5
AR FE IR 8 AL AE T ARid 28-25.8 FI 28-25.9 Z [A) Y HE
FRESJ9 110kb [XE] A (& 3b) o

M KL R ZH 2 & (http://rice.plantbiology.
msu.edu/cgi-bin/gbrowse/rice/) , 1% X [ NAELE 14
ANFERIAN 3 AN R (3R 5), HAraE 1 Aar A2

maturity stage
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(a) M5788 W15 B MLAEE 8 S tafhbric Z8-24 1 78-26.2 2 [f], (b) M5788 WiAEANELAE Z8-25.8 Al Z8-25.9 Z [AIf¥] 110kb JEE Y, (c) fi&

ILR LOC_0s08g40930 45¥4

(a) rough mapping of the gene M5788 flanked by two markers Z8-24 and Z8-26.2, (b) M5788 was finely mapped to a 110kb interval delimited by
two markers of Z8-25.8 and Z8-25.9, (c) the structure of target gene LOC Os08g40930

& 3

1REEE R M5788 BIEL 5E g

Fig.3 Schematic diagram of map-based cloning on the candidate gene M5788

x5 ENRXBEAEEBINEEER

Table 5 Gene annotations in the mapping interval
HE[F Gene FE R BE Gene annotation
LOC_Os08g40830 4 pumilio £5#43[1 5 11 PPD1

LOC_0s08g40890 56w o5
LOC_0s08g40940 *ikEH
LOC_0s08g40840 MuANE 43 EXO70
LOC_0s08g40910 FikEH
LOC_0s08g40950 *ikEH
LOC_0s08g40850 LB RLN R LN
LOC_0s08g40919 FikEH
LOC_0s08g40860 RNA R & i
LOC_0s08g40930 oVEMNEE, B R AT AL AR
LOC_0s08g40990 ZARE B 1
LOC_0s08g40870 HKESEEH
LOC_0s08g40880 A E AP RNA AT
LOC_0s08g40900 ER S VS

T AT D Re 30 Uk B & PR L IE K] OsISAT .

FIH phyto-zome (Chttps://phytozome.jgi.doe.gov/
pz/portalhtml) A K LOC_Os08g40930 %= K &4
BT A, (£ NCBI #d E h 8 R 7R, /KT 1S41
HHAMM W I KFE MFE EXRFW
Sugaryl FEARERE (4 . HE5CO&#HE!?
o 1 T K B3 R Sugary 1 (GRMZM2G138060) [¥)
[F R ik 82.2%

Xt LOC 0s08g40930 (1) )& 5 7 Fl 4 5 [X 1 4T
W, &5 F 3 WITE B AL BR824 2 [8] J3 I ANAE LR
Z 5, {H qRT-PCR W25 KM, RABMAK %5 H
ZRIEAKE R, FURERIEAKF I TR e 3
FRAAR T SRR o R T ie R 2500 g

93— Bradi3g40410
LOC _0s08g40930
GRMZM2G 138060
AT2G39930
Tp57577 TGAC v2 mRNA26330
9% AT4G09020
Tp57577 TGAC v2 mRNA25058

99 Bradi4g32707

99— LOC 050929404

31~ GRMZM2G150796

39 ATIG03310
_|: Tp57577 TGAC v2 mRNAI8749
99 Bradi2g26170
499|_EL0C 0s05g32710
79— GRMZM2G090905
00

GRMZM2G138060 GRMZM2G150796 Fl GRMZM2G090905 K
I, Bradi3g40410~ Bradi4g32707 1 Bradi2g26170 F/NEHA,
AT2G39930 M ATIG03310 NHUTFI I+ HE, LOC 0s05g32710 Hl
LOC_0s09g29404 J/KFe%:

GRMZM2G138060, GRMZM2G150796, and GRMZM2G090905 are
maize genes, Bradi3g40410, Bradi4g32707, and Bradi2g26170 are
wheat genes, and 472G39930 and AT1G03310 are Arabidopsis genes,
LOC 0s05g32710 and LOC _Os09g29404 are rice genes

4 LOC 0s08g40930 5 G474
ERERMENRELEN
Fig.4 Phylogenetic tree of LOC Os08g40930 homologs
OsPUL #EAT T RIK R Hr, 48R (8 5) RHIE
RANK m5788 Hh OsPUL Fis &M B35 R, R
R JIEFL DBE 3& 42 i) 2 FR Y H; 5 P g ISA1 Al
PUL )5 [5] 32 i B 45 R MR B2 PR, i — 2B i8] 1
DBE i@ 12 QS B A, 3 B R 1841 J
DU A T RAZ, T PUL =R 323k B AR AT g 42 1

83
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LLEROERE S

O B4 74 Wild type [ A& Mutant

12
1.0
0.8 1
0.6
0.4
02
0.0

FEXT RIE 5
Relative expression level

OsISA1 OsPUL

5 OsISAI ¥ OsPUL T2 BIMRE R ch RILEHLLR
Fig.5 Comparison of expression levels of OsIS41 and
OsPUL in wild type and mutant

3 e

JVR 7L B R K 1) i R O o K R IR
FLRTEMRS RS, W EED, BN
et £ b Rk o AR FEET T FL IR m5788 52 A
FE A AE 11 AR R ER, R ERRTE
WRFLAEAE, TR0 ARSI B R B, R
()R M B B B 2 LR AR T R A R A 11 1
1.8 fi5, MEFLEAEIR. RAFEF G ENTE 8 T Y th
A 78-25.8 F1 78-25.9 Z [M]¥) B FE B5 9 110kb (11X
B . XIE P LOC_Os08g40930 F: K [ 15 B AE R
AR N R R, 2SR AR A R R BT R R I K
RARR LA S A

DBE ELf ISA 1 PUL 2 FSM (). ISA &
By RN JE AN SCBEVE R, T PUL /EF T8 &
2L ZWERISCEEVERY, (EAERTHEYPER . EEY
W /DIELE 3 Fh ISA (ISAL. ISA2 A1 ISA3) FE[H,
HEHAETv1E PUL R4RE 1 1 A0, LEJE R 2B &
BCH S 1SA 7T DLIE IS g iR 2 S B B2 bR S RER R 25
BRANIE 7 S SCBE, DAERFHRIRGE M, TR RLE
KRR R 25 & . BEFTISIER B, k= DBE HEE K
FUFE I+ RAGK isal/isa2lisa3/Ida WM Fr b A TE Ry
WKL, (HFRR T = o S RN . fEARB T,
HAE 1L RERAF R, EALE EE, RIS
FEH, M m5788 KEKAAR, MAEM, JLTAEE
Ghi, HED m5788 v ISA FE[RI 3245, ToikZBRiER
G LR I ANIE 45 3, FECCRER
IR G5 8 Toik g dr o IIIESE 1541 Rk B FEAK
HHEMSE BT (525350 2 /> 1S4 B[R (1842 il
ISA3) XF m5788 FEARF AP ML 75 it — B 7t

5 ISA L, 5 —N gk £ 3 R PUL
A H D RERE R IRIE B D . PUL Z 53R ED &

Ji, PUL KIS PEA B T 388 10 70 AR, A2
T ISA # 53kl AR RIMFLUER A& o 72
o B EEEAC, R, gt R
OsPUL B:RAEREA Tl K B W Bom BERIL, fERKE
(1 H 5 HHIA B E 7], Kawagoe S5USIF F jE 0 8 5t
IR 08 e R IR TT isal FA8 A A 3 #3 o 4 A
TERY BRI T B, R I isal SRRk AR L b %
VN BURL, R ISAT 15 3ER BURLE B 1 530 52
REBL AT P RAZR m5788 5 BT A BUAH LUK
LT N3EE B, SER R B 8D, 5 E R IRIE A AL

TE7KFE ISA TG LRI sugl RABRY, &G
P£ PUL 2 3 B00E Ky X380 o8 SEBE 10 A /2 A8 4
BB, PUL Zh g K36 1 F KRR zpul-204
(17 JV P by 25 ) R 2H B 5 BT 26 R AH L A R 2
S HAR TR, Zpul-204 fEEFLR B L FE
SRS Z R ENE. R PUL 55
W s 2 o () SR KA, A B ik 16 3 AR
Wte ISAI Thie K% RANK sul-st Fl zpul-204 2545
TRAAR GEAE UM b, R RE R 2 R
#061, Fujita SR LI, HEAERMLEL, £ PUL
RABRF, ZHERREGE (DP) <13 [ aEHS
I, ABARALIE B /N T ISAT BRI 9EARE sugl, B
PUL 7% A4 1) o 7] 58 Bl A€ #4579 i AR — 5.
PUL/sul RGERIRE T EASNZ T AL, HER
UL sul B TE I nT VAV 2 BEFITE 2 1) DP<<7
BBk . X R PUL Theg kI 0 328k vE 0 & B B
W B /N sul, {H PUL [P VEXS sugl RALHIAZ I
WEA—EW ., EARF T, m5788 MFLHH
DBE &2 H 1) 2 MR YRR 7 Ve B DR OsISA41 AN
OsPUL MK B2 T, ISAI DiReifi vl #g
T BRI RS S B I AE R AR R
EZIR, M PUL X m5788 KA =AT
—EMRm, 5 ERFFRES AR H 2015 F&
HESERONT Sug-11 B5 5t 578 R 15 LT A= of JEORF R
) ISA 5 PUL B[R 5% 55 308 7K pa I &5 2R
BN, ISA] BRI RIS S I &G HE TR, (5 PUL
MRE BT —ERER . 240 58 R
AHT X, A5 0] R E BT H A &R FL R K FE A
BRFE, S8Is41iEmEZER

East 22T 1911 75 FOKH B IXFEIR 1 i
RAK sul IR, FRPEEEE 7L BT
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Identification and Fine Mapping of Sugary Endosperm
Mutant m5788 in Rice (Oryza sativa L.)

Zheng Siyi', Yang Ye', Song Yuanhui', Hua Qin’, Lin Quanxiang', Zhang Haitao', Cheng Zhijun?

("College of Agriculture, Anhui Agricultural University, Hefei 230036, Anhui, China;

2 Institute of Crop Sciences, Chinese Academy of Agricultural Sciences, Beijing 100081, China)
Abstract  Starch synthesis in endosperm development determines the appearance and flavor quality of rice
grains. m5788 is a shriveled grain sweet embryo mutant derived from the tissue culture progeny of Japonica var.
Zhonghua 11. The 1000-grain weight and the number of grains per panicle decreased significantly. Due to the
blocking of starch synthesis, the level of soluble sugar increased significantly. Genetic analysis revealed that
m5788 was determined by a pair of recessive nuclear genes. Linkage analysis localized the candidate gene to the
110kb region flanked by indel markers of Z8-25.8 and Z8-25.9 on chromosome 8 in 569 F» mutant individuals.
In this region there was a putative isoamylase encoding the gene LOC Os08g40930, which was 82.2%
homologous to maize Sugary I and was involved in the DBE pathway of the starch debranching enzyme ISAT.
The sequencing results showed that no genomic sequence change occurs in LOC _Os08g40930 between wild type
and m5788. However, the qRT-PCR analysis showed that the decrease in the expression level of the gene
LOC 0508240930 in the mutant m5788 was presented together with the expression level of the coding-gene of
pullulanase-type in same DBE pathway. All results suggest that isa/ carried by m5788 is a novel allele.
Key words Rice; Endosperm development; Fine mapping; Starch synthesis
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