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Genetic Analysis and Gene Mapping of a Super
Short Root Mutant ssr1 in Rice (Oryza sativa L. )

WU Jing' ,XIANG Xianbo',LU Kaixing”,ZHU Shihua®* ,DING Wona*"

(1 School of Marine Science, Ningbo University, Ningbo.Zhejiang 315211,China;2 College of Science and Technology,Ningbo U-
niversity, Ningbo, Zhejiang 315211, China)

Abstract:In this study.,a mutant with super short primary and adventitious roots, less lateral roots and
short root hairs was isolated from an EMS (ethyl methane sulfonate)-generated rice mutant library in the
Kasalath background,designated as ssr1 (super short root 1). At the 8 d old stage, the length of primary
and adventitious roots of ssr1 was only 8.89% and 2. 29% of the wild type (WT) ,respectively. The initia-
tion of adventitious roots of ssr1 was similar as WT, while the initiation and elongation of lateral roots were
severely impaired and root hairs were also much shorter than that of WT. Moreover, ssr1 showed dwarf
phenotype with plant height less than half of WT. Genetic analysis indicated that the mutant phenotype
was controlled by a single recessive nuclear gene. Map-based cloning analysis located SSR1 to a 243 kb re-
gion between STS(sequence tagged site) markers 9g7047K and 9g7290K on chromosome 9. The region con-
tains 39 putative genes with none reported to be related to root development of rice. This result will be
helpful for the cloning of SSR1 and further characterization of molecular genetic mechanisms underlying
root architecture in rice.
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Table 1 Phenotypic characteristics of 8-day old

seedlings of the WT and ssr1 mutant

AR Trait P WT K ssrl

F MK Primary root length/cm 15.08+0. 96 1.3440.25" *

AEMRK Adventitious root length/em*  5.6740.63  0.13+0.10" *
ANE B Adventitious root number 3.65+1.35 3.95+1.05
fil K Lateral root length/cm® 0.69£0.07 0.26+0. 11"
MR 5 Lateral root number 167.05+18.05 2.60+0.60" *

B Plant height/cm 14.42+1.01 6.26+0.81**

Hea K 3 WAE MK T b, FR ERK 10 R 0ARK T
BIfEs « » . FoR RAZ MM ERIE 0. 01 KF k25703,

Note:a. Average of three longest adventitious roots on each plant;b. Av-
erage of ten longest lateral roots on each primary root; * * . Significant differ-

ence between WT and ssrl at the 0. 01 probability level.

Bl 1 8 d Bl B A B RN R AR ssrl YR AU E
AL B AE T A R ssrl (4D (4R B8 BLCL B AT (B) Fl ssr1 (O AR ZE 45 A 30 10 14 9L 3 ML 5%

Fig. 1 Phenotypic characterization of 8 d-old seedlings of the wild type (WT) and ssr1 mutant
A. Plant morphology of the WT (left) and ssr1 mutant (right) ; B,C. The rhizome
junction of the WT (B) and ss71 mutant (C) under stereoscope
®2 BBHZEMH SSR K STS #7125 5!
Table 2 Sequences of polymorphic SSR and STS markers
BIE7 BN ik T LY

Primer name

Forward sequence(5'—3")

Reverse sequence(5'—>3")

RM105 GTCGTCGACCCATCGGAGCCAC
9g5097K GTGGGGATGACATAGAGGTAG
9g6538K ATCAGAATGCCTCAAAGCAAC
9g7047K GCTGCATGAGCTTTGAGCTAA
9g7290K GCCACTCTCCTTTTCCCCAT

9g7968K

GTGGTAATTTCACCTCAAATTC

TGGTCGAGGTGGGGATCGGGTC
GTGTGTAACAGCATCAACAG
TCCAGCATTTTACAGCGTATC
GGAGTATTGGAGAGGACGGTA
AATGCGTCACATCCACCCAA
GAAGGTGTCAAGTTGAAAGTC
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Table 3 Gene names and their putative functions in the target interval

N 4 Fr Gene name

HEM 2y € Putative function

0s09g12380
0s09g12410
0s09g12480
0s09g12500
0s09g12530
0s09g12540
0s09g12560
0s09g12570
0s09g12590
0s09g12600
0s09g12620

0509g12650

0s09g12660

0s09g12720

0s09g12550,0s09g12710
0s09g12460,0s09g12690,0s09g12700,0s09g12360
0s09g12440,0s09g12450,0s09g12490
0s09g12420,0s09g12670,0s09¢g12370
0s09g12430,0s09¢12470,0s09g12520
0s09g12350,0s09¢12390,0s09g12400,0s09¢12510,0s09g12580
0s09g12610,0s09g12615,0s09¢12630,0s09g12640,0s09g12680

TJC T i 43 41 22 H No apical meristem protein

hAT Z R 45 #5311 HAT dimerisation domain-containing protein
ulpl EHMZEHEE ULPIL protease family

JR BB 2 1 1381 Embryo defective 1381

FESL B Glycosyl transferase

42 A/B
4B A 2 Ferrochelatase-2

2 EZE A4S A Ubiquitin-conjugating enzyme
B K Z % [ Transporter family protein
T4 35 /& Phosphate/phosphate translocator

454 % 1 Chlorophyll A-B binding protein

GPI 4 %€ % 1 GPIl-anchored protein
SRR . R WE-6-TE R 1-BE MR A5 o W& Pyrophosphate-fructose 6-phosphate 1-phos-

photransferase subunit alpha

- 1B BRI T R L 5 B2 i Glucose-1-phosphate adenylyltransferase large subunit
B C3HCA Z5# 1% 1 Zine finger,C3HC4 type domain containing protein

G-BHr & L5 1 G-beta repeat domain containing protein

S SR % B F 2 [ Retrotransposon protein

S St B F # ) Retrotransposon protein

% T % [ Transposon protein

€ % 11 Hypothetical protein

F#IKE [ expressed protein

FIKHE A expressed protein

5 i Marker 9¢5097K 9g7968K RMI105
1 1 1
Chr9 | | |
41 F Rec. 4/30 2/30 7/30
.................. 9g6538K 9g7047].(" '"'(3.;7.2901(
...... 1 1
1
16/264 4/264 3/264
BAC  i— e — ON381 HO4 e
P0592C05
2 SSRI1 FEHE
Fig. 2 The gene mapping of SSR1
YRR B 2k 243 kb Z XA AL G 1 3 4> BAC 3¢ 3 B
> T

% . OSJNBa0044K01,P0592C05 Fi1 OJ138 HO4 (&
2), MPERIEL Chttp://rice. plantbiology. msu. edu/
cgi-bin/gbrowse/rice/) Sk i 7K A 56 R 1 AR S
TEE O 19 DX sl v 36 B 39 > Tl I B - 16 > B g
LR T AR SRR T 3 AT O3 M EEA
10 AR LIRE H L £ 50 Hrix 39 A4S F Ak
WAHCEMR R LT HEF (K 3, H itk SSR1 &
— IR KRR R R A T R A

XK FEAR 28 2% B RH O B PR 1) 20 R AIF 90 A ik Ay He
M2 F B Y B 2 & 48 2 — . Scarpella 20 & Bi
RALT B PR 9748 5 3K fif M Bl 2k, O 5@ AR 5 AR
g BACEE AR R 4y B B . Tia S
SERE ) OsCyt-ino 1 He PR 572 1 J8 4 AR 3 7Y U] AR
A B A H B AR, B AR L B R R
TDD1 JeAIRe sk Ja EARK R HA B A BR1/5,
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R E OsCyt-invl J)BE K Fr B 5 7K e AR
FERUARARL » A ] B9S2 Oscyt-inol 5748 PR f O AR %1
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