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Map-based Cloning of Dwarf and Small Grain Mutant dsg7 in Rice
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Abstract: Plant height is an important agronomic trait that determines the grain yield of rice,which
is one of the most important food crops worldwide. However, the molecular mechanism underlying
rice height remained further investigated. In this study, we characterized a rice dwarf and small grain
mutant designated dsg7 ( dwarf and small grain 7 ) from Kitaake with seed treated by ethyl methane
sulfonate (EMS ). Compared with Kitaake, dsg7 showed 22% and 21% reduction on the plant height
and 1000-grain weight. Histological observations showed that the dwarf phenotype was mainly due to a
defect in cell proliferation. By deploying the map-based cloning strategy, the gene was finally mapped
between markers DM6 and DM8 on chromosome 7, with a physical distance of 237 kb. One base pair
deletion of Os079g0616000 was found, and this gene served as the best candidate. Thus, this result
suggested that DSG7 might be essential for plant height development in rice and its biological function
remained to be investigated in the future.

Key words: dwarf; small grain; map-based cloning; rice
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A = 20 %

JKFG T ) 7775 2 ( GA., gibberellin ) 4= ¥4 15, ©. 78
A B KRB R RS Tz N
KRB R BB M A 45 TR R
SE AR AR KT IR 5 KRS 22 2l i L kA
ZETT B AP h JE E) A AR A 2R N oy S RE ) A T
A X A A A g Rl s o, BIFSEIE S K R
PR 2 Z Mg E s, GA R SE Z N Tig (BR,
brassinosteroid ) JZ A KAeke i RS AP
GA & — RPN R R, = 5
KRR & RS SR AR B T AL S
%A A Bt #27°, SLENDER RICEL( SLR1)
7 DELLA & H &% B, & 7K 78 GA (5 F ik 2
M RO B, WA YIS GA R 5 B i GA
U R R k0L YA R W I T B GA B
GIBBERELLININSENSITIVE DWARF1( GID1) 4§
SE 5 23 GID1 F SLR1 (9 H.AE, S8t SLR1 1y %
AN T IR AL B3k ™, GA B4 Rl
(G5 A8 R B 23 UK R R & S8, K RE Y
GA 7N R L BN REEFVEFT
BR & —FE Y 2 [ R I ER , TR 40 o 5849 5K
WA AU ZEMHK BB kA TR A it
FRrh IR IZ VR T, BR 2B 10 5848 (4 3 23
WBUERAT R BB ITRS: B I TR AT
FHNSL I AR TR AT T P Y BR
fHomrrgm, g KFEhO g wkE 7 £ BR
B AE TR ARSI  (HKRER BR M 444 2
ANFRATAG BTG R0 SRS KA
BRH T 1 GA A ALK . AE/KRERY
ANFEZTH, BRI 753 5 & T GA 1A Bl
R B4 R TR e A R A R A R
PR GA il BR 4, K Feitk sl 2 B4 K &R iy
PE WEEHB S A R iR 22 filtnk
F#f FISH BONE [l gfith—™ (0 24 iRz S e R ity , 53748
JEAERR B B Sl P AT 78 [ P AELAR PR R g e £ PR
( indole-3-acetic acid ) 119 & /', DDF1 4ifih—A>
FP9 F-box B8 1, AR R R AE KBRS 358 , 5248 5
SRR NFIN N R B R R
HETEL@EN T 2Kk s 5L A H K
ZHUBF RIS N R R B RE B
PR 2N F EA R, MELLAE B R R,
TEKFEE A2 R BT IE R AT SR A sd-1,
sd-1 By J 0 2 5 B0 % SE e 7 45 [n) A8 A 1
I, PR T BN R Al A SR a8 AR A i3t — 20 ) B

IKFER R NI, ATFSE7E Kitaake Y EMS 1578
JeAR i e B — MR FT/ IR 2 A8 (A5 44 A dwarf and
small grain7 (dsg7 ), % dsg7 i#F 17 & % Fi 4 25 ik
g 3 Ak RIS o B R DRI 1) 1 o A
Ak — 2 o WY R AR v R4 TR 5 A AR 1 B
it
1 Mel5R*®
11 RIEs

dsg7 KRR Kitaake 28 EMS 575 3k15 , 2534
LLEAE A C R E MG, dsg7 5 Kitaake 1F J2 52 #)
BBAE T REIAR, dsg7 5 9311 Z4Z e A F, 70
PRI TR 0 . T B R R VL0 AR
Hi X HER AR B 5 K A & A S .
12 FERZHRBAE

Y Kitaake F1 dsg7 45 2EHL 20 BRI E ks
P AP BERR  — UOBAE | R SR SR, i
o 2 TR e,
1.3 AtEIA

Kitaake Fl dsg7 i 1/ & T FAA [ 2 )
W AELAS S TR 4 CTR [E 20 24 h, 25 IR R
FEMAK AN [ v FE A B — W O 378 B 5 B e A i
FLAGE 2 BRI OE SOk (3 58 B LEICA
RM2235 Y] 5 #HLY) |, U IR 10 pm. e (a5 1
D e TGRS SN
14 EREEML

1E dsg7 5 9311 M i F, 43 B AR ik 10
A RAF R F IR R AR, R B 5 KA 12 45 e A
[ SSR FRic AT B AT, AT H AHE F1 9311 1
FE A 4 25 B A e, AR S e 58 AR R Al
MR TR E AL 4/ INE 7 XIS 1 Gramane
IRR) iy LI 5 437 [X 6] N ORF. A 40 5 7 S I 5 1 )
JPAI IR 1,
1.5 L

FI Fl DSG7 4 L % )7 51 7E NCBI H blast [i] 4
3 [A (http: //blast.nchi.nim.nih.gov/Blast.cgi ), fifi F
MEGA 7.0 # AR , BT VLS IR

2 GRESH

2.1 dsg7 REGH

IR, dsg7 5 Kitaake AH He S BRBH S A RRFTE
RI( & 1A.D, 3 2), Kitaake [19#k =12~ 63.11 + 2.67 cm,
dsg7 &y 49.78 + 2.47 cm, dsg7 [ &k /& 29°4 Kitaake
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Table 1 The primers used for this study

Fric Marker

E 514541 Forward primer sequence

J 1815|9751 Reverse primer sequence

DM1

DM2

DM4

DM6

DM8

DM9

DSG7

TAGGCTCCCAACAATACCAA
CACGCCACTTCTTGTTGTA
TTGGGTTGGTGTCTAAGGAG
TACCTCTTCCGTTCACTG
CAACCGAATCCAAAGTCA
CATGAACCTTTTGCATTT

GCACCAACAAACCAAGCAGC

GAGTTATTATGTGCTTTCGGTTT

TTCTTTGTGCTCCATCCA

GGAGGGATGGGTATGGAA

TACGTTTACTTTGTTCATCT

AACGGAACTCAACTCACCA

TTGGCTATACTATTGAACCTG

CCTAATTTCGGGAGATATTTTAT

v}
o =1 oo
= =]

ki (em)
Plant height
- W
(=] (=] = (=1

Lh
=

Kitaake dsg7

Kitaake dsg7

Kitaake

dsg7
e e

25 +

THRE (g)
1000-grain weight
o il [
= Lh (=]

L

h

0

Kitaake dsg7

A B Kitaake 5 dsg7 RIARAKZEIL, LR 7 10 cm; B C: Kitaake 5 dsg7 HRET-2230, LR A 2 cm;

D: Kitaake 5 dsg7 Rk L4 ; E: Kitaake 55 dsg7 BUFFHL ; F: Kitaake 55 dsg7 A9 T-ki 8 A
**Kitaake 5 dsg7 7F P=0.01 /K |25 7 %

A Plants of the Kitaake and dsg7 at mature stage, Bar=10 cm, B, C: The panicle of Kitaake and dsg7, Bar=2 cm,

D: The comparisons of plant height between Kitaake and dsg7, E: The grain of Kitaake and dsg7,
F: The comparisons of 1000-grain weight between Kitaake and dsg7, ** Significantly difference at P=0.01
B 1 Kitaake 5 dsg7 Fy&RE
Fig. 1 Phenotypes of the Kitaake and dsg7
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%2 Kitaake 5 dsg7 ‘RE MM
Table 2 The agronomic traits between Kitaake and dsg7

PR Trait

Kitaake dsg7

M5 (cm ) Plant height 63.11+2.67 49.78+4.47"

SYBEEL No. of tillers per plant 297+32  413:217

TR (g ) 1000-grain weight 26.35+0.40 20.76+0.54"

i (cm ) Panicle length 1428 +0.96 8.47+0.71"

KL No. of grains per panicle 31.0+27 388£3.07

4545279 (9% ) Seed setting rate 97.87+0.02 89.71+0.04”

— IR K%L No. of primary branches 6.0+0.7 5.6+0.7

YREHTEL No. of secondary branches
THE0.01 KV R B
“Significantly different at P<0.01

(1) 78% , {H. dsg7 1) /3 BEEUI I & 34 Jin (3% 2 ), dsg7
AR K BA I 4574 (18] 1C ), Kitaake &7 14.28 + 0.96 cm,

41+0.6 4+0.7

1M dsg7 M 8.47 + 0.71 cm, dsg7 R Rk AT H BRI %
B, AW R E TR (R 2) B HZ R —
R H %A B B 22 572 (& 1B, % 2), dsg7
BB /R R 1 (€] 1B F ), 5 Kitaake #H L,
Tk 1 26.35+0.40 g T % 4 20.76 £+ 0.54 g, N
Kitaake 1Y 79% ( £ 2 ).
22 HRFESHT

T E dsg7 HYREAT /IR B I 0
4 34 2 2 O 5 B 9/ 1 B, X Kitaake i dsg7 A9
ZEFF SR/ T ) OWER (L 2). BEit 1
KNG HE 55 2 i it 8 Py B 48 it K, Kitaake F71
dsg7 Z MW A e 22 7 (K 2C.D.G), [A]
Kitaake F1 dsg7 = [H] Z25 P BE 248 Jifd () < B2 e A
i E 2 (K 2E.F . H), dsg7 % 5 i K &
Kitaake [ 72% ( 8.03+1.78 cm vs 5.79+0.98 cm ),
1M dsg7 5 Kitaake Fit -4 P RE A1 K B2 T80t 25 22
5, R dsg7 AAEFT R IR H T4 ARE H 1 i

G

—
¥
=]

)
=
-

HEHARE B (pum )
Cell length of leaf sheath
g &

L
=
T

Kitaake ~ dsg7

e 120

(=) oo =
g 8 8

2

ARTAMACEE (pm)
Lemma cell length

| 20r

dsg?

Kitaake

A.B: Kitaake 5 dsg7 RUZEFFREVINLLS , LR 200 pm; C. D: Kitaake 55 dsg7 #4HH-5 PYBELIIEE] 04, LA R R 50 um;
E . F: Kitaake 5 dsg7 fJZMNg N BEANIRYI - WLEE, EL B 100 pm; G : Kitaake 5 dsg7 A4 P BEAIIE K B2 4815
H: Kitaake 5 dsg7 B94ME P BEAN I B G2 1
A, B: Cross-sections of internodes of the Kitaake ( A ) and dsg7 ( B ), Bar=200 um. C, D : Adaxial surfaces of leaf sheaths in Kitaake ( C ) and dsg7
(D), Bar=50 um. E, F: Outer parenchyma layer of lemmas in Kitaake ( E )and dsg7 ( F ). G: Cell lengths of the leaf sheaths in Kitaake and dsg7,

n=60. H: Outer parenchyma layers cell lengths of lemmas in Kitaake and dsg7, n=60
B2 HAFEWE
Fig.2 Histological analysis of Kitaake and dsg7
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23 EESMH

¥ Kitaake 5 dsg7 #F17 1IF 2 &8 ik 4o Fy 3 5
5 Kitaake —%. F, 41 B BEAR ) 0BT Az U SR AR
RAMRFERI N8 Ay IS IE R A8 F, BRI AR i A=
TR 5 AE PR R R AR R B i, & PR b R R 7
F, BEAR A B AR 4 3 1( 36 3), Ui dsg7 fi 3
T A7 B B L R s
24 EEEA

Ht dsg7 S HIAE 9311 2438, 1 F, 43 B BRI ik
B 10 A~ AR R B BApR I 7 25 KA 12 SR ik
(%) SSR ARic AT i B0 AT, B DSGT HE I h T

x3 BEESW
Table 3 Genetic analysis of dsg7

%7 o /R bR i RM6403 F1 RM1364 2 1], ]
JH gramene ( http:: //iwww.gramene.org/ ) ¥ 3 b X6 7k
FECRIDKE S5 R 21, MR 4 — 3% 22 (8] 1) 7 371 25 S A0 s o
DX [i] N AR B2 TS A E LB ), e 2R 437 A28
75 3% R B PR 98 74 B K A 7E BR i DM6 il DM8
2 [6] 237 kb f9 IX.[8]) PN ( & 3A ), #] H gramene %]
ST AT B2 T IS R B, HE X R N AEAE
— A SOk Rk R R R & B MR R,
0s07g0616000, ¥ 5 & BH dsg7 FEIZFEH 45 7 -4
BF RS- ge gk (K 3B), S ikm
J¥%1 1 1365aa 4 fi K 281aa.

LA Jabid TEH R ZEAFFRARH IR 2(3:1)
Cross combination Total number of plants Kitaake phenotype dsg7 phenotype X ’
dsg7/ Kitaake 236 189 47 0.684
Kitaake/ dsg7 302 233 69 0.636
X 2(0.05.1 )=3.84
A
Chr.7 RM6403 RMI1364 N=437
-------- ‘\
__________ \‘
--------- ™,
------------ \\
---------- 5
-------- R
RMI64{]3 Drlun Dl'f[2 Dl\ld4 Dl\ldﬁDi}dS Dl;v[9 RM}364
36 20 11 a1 1 5 19
237 kb
B
HHH— i

C deletion

_—_—H

A: DSG7 JEREN T4 7 Yefafh K DM6 5 DM8 i) 237kb i IX [N, B: DSG7 HIILFELEH 45 7 A4 5 T H IR Bl S e

A: The DSG?7 locus was mapped to a region between markers DM6 and DM8 on the long arm of rice chromosome 7,
B: Structure of the DSG7 gene. dsg7 has a C deletion in the seventh exon
B3 DSG7 EEMEMIEE
Fig.3 Map-based cloning of the DSG7 gene

25 DSG7 ZEH#H LT

FI FH DSG7 % H 2 7 511 £ NCBI [ 2 blast [7]
U575 5 K AR, 45 5 B e FOK VR G /NE
S MY F Y S LR A A RN SE A R
DSG7 K& & —MIEMY ) 2 A ME N K
il DSG7 SHFAERE Tk K& A A AN S Y
FGFFEGE (E 4),

3 itit

TESGHT AT ST e S KRS B PR e 52 B AR R 2R
SR AN AERR AR RE WIS HNF 2 M
PRI 3R 1) 52 e R R 425 , 308 2o %o 7K AR 3 TR i N BE 1Y
R A T BUK Rk R L, 20 fit4D 60 4EAR
XPREATHE DY sd L By A Aol 7K A o (L A i ) R A
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PUZ72904.1[Panicum hallii]
RLMB85131.1[Panicum miliaceum)
SETIT028693mg[Setaria italica]
OEL21895.1[Dichanthelium oligosanthes)
Zm00001d006864[Zea mays)
SORBI3002G374400([Sorghum bicolor]

Zm00001d022143[Zea mays)
OBO07G27740[Oryza brachyantha)
DSG7

—— BRADI1g20840v3[Brachypodium distachyon]

HORVU2Hr1G031030[Hordeum vulgare)
‘E F77511175[Aegliops tauschii]

TRIUR3 27436 Triticum urartu]

GSMUA Achr1G12330_001[Musa acuminata)
_I:GSMUA Achr2G07280 001[Musa acuminata)
GSMUA Achr1G21850_001[Musa acuminata)

XP _010937292.1[Elaeis guineensis]
_EXP_008782922,] [Phoenix dactylifera)
—E XP_010939873.1[Elaeis guineensis]

XP_008800453.1[Phoenix dactylifera)
ONK75130.1[4sparagus officinalis)

—_—

XP_019194183.1[[pomoea nil]

XP_011079454.1[Sesamum indicum)
ATI1G72410[Arabidopsis thaliana)

| AT3G14172[Arabidopsis thaliana)

0.2

-

L AT3G14710[Arabidopsis thaliana)
XP_016688395.1[Gossypium hirsutum)

XP_012443468.1[Gossypium raimondii]

4 DSGT7 RIHtL ST
Fig.4 Phylogenetic analysis of DSG7 and the homologous proteins

Pt KR BB . HRTKRhEEEN T2
ABREETRTERED  il4n slr1 ) smgl"* tud1 " 4,
ERFR AR E R A RAC AR, 140 sirl S8 {4
B 3 B A R0 tud L e BRI /N AR
b R LI AR, E RS A T RS i
HE T FRATTRE AR R A g 947 000 24 F) v A A PR {EL R
TAFAEA KPR ZPARBEAT T LR bR & R
Mo BT A 0 B KRR AT I b R AR Bl
H/IVRL VI IRTE (25 SRR R A AR,
FRHAT 1A AT A BB DAY RN, B H R
) F) A DR K 2 2 (B R R sdlL, Rl

FHER— R 5 25 F BOK R SR e ™ E i K
T B () PR A T, DR I AN KT 2 1 T 1 ek v )
P DR, A el BH /K R e R s AL

AHWFSEAE Kitaake 1 EMS B G A T
—ANEFF/INBE B dsg7, 5 Kitaake AHEL , dsg7 HY
PREH S AR R BEATR PRt N R T8, A A PR
TR 4 i S e A0 DRI dsg7 22— MR B SR AT/ IVRE
FRARA, FEFF/INRL AR IR PR Sk 20 B 25 H 9 /b 58
R i A a7 dsg7 RS 2 IS YR
Y5 Kitaake A FL A B % 25 5, H dsg7 &5
5 Ip I8 K B Sk Kitaake 11 72% (8.03 + 1.78 cm vs
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5.79 +0.98 cm ), [tk dsg7 By REFT 2 A2 iy T 40 o
BH W0 T2, DSG7 38 1 I 445 40 B 43 S a0 i
R A=

FIFHEN e beks DSGT 2N AESR 7 Yot
237kb 11 DX ] P, 38 8 i )7 &% B Os07g0616000 %
RIEE 7 O B AETE L B e 588, B A
1% 41 1 1365aa 47 %y 281aa, DSG7 5 E HE )
DEP2.EP2 A5 3L [, (A G AR AR, B S i
SR T A LRI N 2

DSG7 1 [a] 5 3 R AE AR D v | 2 A7 A, (A8
AT IEATEAE, K DSGT AR AT g & —Fh A4
FEA R E M. IR, COPL & —Fp E3 12 K i%
PR, 0 DR AR LT i sk iz R
Wi T AR5 510, DSG7 SR IF ik
COP1 454/ 11 AT1GT72410 175 s i [R5k , (5
5 COP1 254 11 CIPT A RIVEE R . Semi i iF
% B4 52 DPE2 5 COPL NREFEBEB) &R 48 b B
P2 RIS COPL Je H: R H X F) 8 3 7 P 26 TR AN
ep2-1 AR A i e ik i e 22 %12 I 4 DSGT
15 COP1 J% CIPT )37 40 Jifd 5 {37 A 7] 2552 [ it
DSG7 4= ¥ 31 E v] GE F1 CIP7 A [W], DSG7/DEP2/
EP2 5 COP1 Z [i] O & i 77 2L ik — 20 1 iif 5% 11
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