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Abstract

Various phenotypic and physiological mutants provide an indispensable source for functional
analysis of genes. Recent advances in genomic studies and the sequenced genome information have
made it possible to utilize phenotypic mutants for characterizing relevant genes at the molecular
level and reveal their functions. The collection and positioning of many pieces of genes in the
developmental and physiological pathways will decipher the many gene networks and thus
determine the morphological and developmental regulations for those gene networks. Many
somaclonal variations were induced during tissue culture in T-DNA insertion mutant library.
However, Map-based cloning strategy which was not limited by origin of mutant has been an
essential tool on rice functional genomics study. Many genes presently isolated were identified via
map-based cloning. With accomplish of the rice genome sequence project, cloning gene with
map-based cloning strategy was become more and more rapidly and efficiently.

Three mutants induced by tissue culture i.e. thermo-insensitive pale green leaf mutant (pgl2)
thermo-sensitive yellow pale green leaf mutant (ypgll(t)) and spotted leaf mutant (spl19), were
isolated from our T-DNA insertion mutant populations of rice (Oryza sativa L. subsp. Japonica, cv.
Nipponbare). The morphology genetics and physiology of three mutants involved were analyzed.
Mainly results were as follows:

1. A thermo-insensitive pale green leaf mutant (pgl2) which was not co-segregated with the
T-DNA insertion, isolated from T-DNA inserted transgenic lines. Genetic analysis indicated that the
phenotype was controlled by a recessive mutation in a single nuclear-encoded gene. To map the
PGL2 gene, an F, population was constructed by crossing the mutant with Longtepu (Oryza sativa
L. subsp. indica). The PGL2 locus was roughly linked to SSR marker RM331 on chromosome 8.
Therefore, 14 new INDEL markers were developed around the marker. PGL2 was further mapped
to a 2.37 Mb centromeric region. Chlorophyll contents of leaves were measured. There was no
obvious difference between the mutant and wild type in total chlorophyll content, while the ratio of
Chl a/ Chl b in the mutant was only about 1, which was distinctly lower than in the control. These
data suggested that the PGL2 gene is related to the transformation between Chl a and Chl b.

2. A thermo-sensitive chlorophyll deficient mutant was isolated from more than 15000
transgenic rice lines. The mutant displayed yellow leaf phenotype at 30  or lower temperature.
However, when grown at 33  or higher the plant exhibited another phenotype characterized by pale
green leaf. Genetic analysis revealed that a single nuclear-encoded recessive gene is responsible for
the mutation, which is tentatively designed as ypgl1(t) (yellow pale green leaf 1, temporally). PCR
analysis and hygromycin resistance assay indicated the mutation was not caused by T-DNA
insertion. To isolate the Ypgll(t) gene, a map-based cloning strategy was employed and 22 new
InDels markers were developed. A high-resolution physical map of the chromosomal region around
the Ypgl1(t) gene was made using F2 and F3 population consisting of 5139 mutant individuals. Our
initial mapping efforts with SSR markers placed the Ypgl1(t) locus near the SSR marker RM11 (67
cM) on chromosome 7. Finally, the Ypgll(t) gene was mapped in a 10.3kb region between marker
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YT6132 and marker YT614. Sequence analysis revealed two candidate genes in target region.
Cloning and sequencing of the target region from the ypgll(t) mutant showed that a deletion
mutation occurred in the mutant. The mutant gene (KOME Accession No. AK062845) was
identified as the OsYpgl1(t) gene. The result of bioinformatic analysis showed that OsYpgl1(t) gene
contains two exons and one intron, and encodes a protein containing an ankyrin repeat domain.
Nevertheless, the molecular function of OsYpgll(t) gene was unknown in rice. RT-PCR analysis
indicated that OsYpgll(t) gene was successfully transcripted in mutant. The third-leaves from
30-day old wild-type and ypgl1(t) mutant seedlings were used for electron microscopic observation.
The osmiophilic droplet were increased and assembled in ypgll(t) mutant chloroplasts. Total
chlorophyll contents of mutant significant decrease compared with wild type grown at the same
condition. However, the ratio of Chl a / Chl b in the mutant at 24 was 19.21, and no distinct
differences at 33 between the wild type and the mutant.

3. Ubiquitin-conjugating enzyme E2s catalyze covalent attachment of ubiquitin to target
proteins, or, when acting along with HECT domain E3s, transfer of the activated ubiquitin moiety to
a highenergy E3 ubiquitin intermediate. They all share an active-site ubiquitin-binding Cys residue.
Regulated protein degradation plays a crucial role during development in all organisms. One
mechanism for proteolysis in eukaryotes is the ubiquitin-proteasome pathway. A spotted leaf
mutant (spl19) was isolated from T-DNA inserted transgenic lines. The mutant showed relatively
small, reddish brown lesions scattered over the whole surfaces of leaves. Under natural summer
field conditions, the lesions appeared from the tillering stage and continuously increased to heading
time until leaf died. No lesions appeared on seedlings or young leaves in wide type. Genetic
analysis revealed that a single nuclear-encoded recessive gene is responsible for the mutation,
which is tentatively designed as the Spl19 gene. PCR analysis and hygromycin resistance assay
indicated the mutation was not caused by T-DNA insertion. To isolate the Spl19 gene, a map-based
cloning strategy was employed. A high-resolution physical map of the chromosomal region around
the Spl19 gene was made using F2 and F3 population mutant individuals. Finally, the Spl19 gene
was mapped in 67.5kb region between INDELs marker PSE55 and PSE62. Sequence analysis
revealed 13 candidate genes in target region. Cloning and sequencing of the target region from the
spl19 mutant showed that a fragment sequence come from Tos17 about 4.1kb on chromosome 7
reversely inserted in the exon 8 of Spll9 gene. The Spll9 gene encodes a putative
ubiquitin-conjugating enzyme. RT-PCR analysis indicated that sequence of Spl19 gene which ahead
of inserted site was successfully transcripted, and sequence of Spl19 gene which behind of inserted
site was not transcripted in mutant. However, the whole Spl19 gene was successfully transcripted in
wide type.

Key words: Fine Mapping, Centromere, pgl2 (pale green leaf mutan)t, ypgll(t) (yellow pale
green leaf 1, temporally), Ankyrin, spl19 (spotted leaf 19), Ubquitin Conjugating Anzyme
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1.1.1
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T-DNA (Wu et al. 2003, Sha et al. 2004)
T-DNA 200 000
T-DNA (Jeon et al. 2000, Jeong et al.
2002, Ryu et al. 2004, Yin and Wang 2000, Barakat et al. 2000, Sallaud et al. 2003, Sallaud et al.
2004, Hirochika et al. 2004, An et al. 2005) (transposon) DNA

Ac/Ds Spm/dSpm Tos17
Ac/Ds Ac
, Ds Ac

Ac-Ds Ac Ds Ds
( 2001) Ds ;
, Ac/Ds T-DNA
Ac Ds


http://www.go2pdf.com

T-DNA
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Tos17 Tos17
Tos17 Tos17
Tos17 (Hirochika et al.
1996, Hirochika 2001) RNA : DNA-RNA-DNA
: , (retrotransposon) T-DNA
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Tos17DNA Cheng et al. 2006,
An et al. 2005 50000 Tos17
53 Tos17

(Miyao et al. 2007 http://www.rgrc.dna.affrc.go.jp/)
Chin et al. 1999, Greco et al. 2001, Kohli et al. 2001, Kim et al. 2004, Kolesnik et
al. 2004, Ito et al. 2004, Jin et al. 2004, Sallaud et al. 2004, Kurata et al. 2005
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mPing hAT  06kb  nDart mPing A
nDart
Ac/Ds aDart aDart

Jiang et al.
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1.1.2.1

map-based cloning positional cloning 1986
Alan Coulson Coulson et al. 1986
DNA
1-1
F1
F1
F1 F2 F2
20 12
( 20cM)
F2 F3
40 Kb
RNA (Jander et al. 2002, Meinke et al. 2003)
9311
(Yu et al. 2002, IRGSP 2005) 2740 SSR
(simple sequence repeat) 157 kb
SSR (Shen et al. 2004) Shen 9311
1,703,176 (single nucleotide
polymorphisms, SNPs) 479,406 / (Insertion/Deletions, InDels)

InDels CAPS(cleaved amplified polymorphic sequences) dCAPS(derived cleaved
amplified polymorphic sequences) RFLP (Restriction Fragment Length Polymorphism)
AFLP(Amplified Fragment Length Polymorphism) (Shen et al. 2004)
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10 T-DNA
T-DNA Hirohiko T-DNA
T-DNA 5%
(Hirohiko et al. 2004)
T-DNA T-DNA

T-DNA

TAIL-PCR(thermal asymmetric

interlaced PCR) (Liu et al. 1995 Liu et al. 1995) PCR(reverse PCR) (Ochman et al. 1988,
Triglia et al. 1988) (plasmid rescue) (Koncz et al. 1989) AL-PCR(adaptor ligation PCR)
(Rosenthal and Jones 1990) TAIL-PCR
T-DNA

1-1
1-1. T-D\NA

Tabl e 1-1 Gene cloned by T-DNA taggi ng or transposon insertion

Name Phenotype of mutant  Function of gene Tagging Reference
OsCHLH T-DNA Jung et al. 2003
OsGA200x1 20 T-DNA Oikawa et al 2004
OsP5CS2 T-DNA Hur et al. 2004
OsMADS50 T-DNA Lee et al. 2004a
OsCP1 T-DNA Lee et al. 2004b
udtl T-DNA Jung et al. 2005

Ila T-DNA 2005
OsCAO1 a T-DNA Lee et al. 2005
OsGNA1 6- T-DNA Jiang et al. 2005
0sGLU1 1,4-'AD- T-DNA Zhou et al. 2006
OsAT1 T-DNA Mori et al. 2007
BFL1 Ds Zhu et al. 2003
OskS1 GA Ds Margis et al. 2005
DT1 Ds 2007
OsH15 knl- Tosl7 Sato et al.1999
Osabal Tosl7 Agrawal et al. 2001
OsTATC Tosl7 Agrawal et al. 2001
phyA Tosl7 Takano et al. 2001
Ring finger protein Tosl7 Lu et al. 2002
OsCesA7 Tos17 Tanaka et al.2003
YABBY family Tosl7 Yamaguchi et al. 2004
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1.1.2.3 TILLING
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Colbert et al. 2001 Leung 14,000 EMS
TILLING Leung et al. 2002
1.2
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RNA RNA silencing DNA
RNA 1990 Napoli
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Zhou
T-DNA OsGLU1 1,4-'AD-

RNAI OsGLU1
Zhou et al. 2006

2.2

2.2.1 Northern blotting RT- PCR
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DNA
Li
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et al. 2007 cDNA 253
cDNA 53.8% (136/253) cDNA 21% (57/253)
Han et al. 2007

PCR RT-PCR
PNA DNA DNA
2006
2.3
Proteomics
(Anderson & Anderson 1998)
2.3.1 Yeast two-hybrid system
DNA DNA-binding domain, DNA-BD
DNA transcriptional activation domain, DNA-AD
DNA-BD
GAL4 LexA DNA-BD DNA-BD DNA-AD
(ORF) ORF
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Vidal Endoh
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Han et al. 2001
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2007

4.1
(1991) RFLP
7 RG711 RG4 1991
(Xie et al. 1995) T-DNA
4.2
Ac Ds
Spm/dSpm Ping/Pong
- (Retrotransposom) RNA
DNA RNA DNA 32
Tosl7 4.3kb Tosl7
(Hirochika et al. 1996) Oono 72 12
Hind 3 7
2 GN232( 3 ) GN89-2( 10 )
GN89-2 7.1kb  3.4kb ROC-22 ROE-20
11.4kb 7.1kb 3.4kb ROC-22 ROE-20 R1C-22 R1E-20
7.1kb+3.4b 11.4kb+7.1 kb+3.4kb 11.4 kb+3.4 kb 1 2
1 Tosl7 ROC-22 ROE-20 11.4kb
GN89-2 11.4 kb Tosl7 (4.3 kb)
(7.1kb) ROC-22 ROE-20 Tos17 7.1kb
Oono et al. 1999 Tosl17
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DNA

Harushima et al. 1998 DNA
recombination-suppression domain RSD
3 8 RSD 3113 kb 2312 kb H3
CENH3 Yan et al. 2005, 2006 3-1
DNA 8
EST
Wu 2004 8
2Mb 54.3 cM Nagaki 2004 1.65 Mb
47 14 14
4 Yan 2006 FISH 3
DNA 3113kb 1881kb CENH3
19 3-1 CentO 441Kkb
(massively parallel signature sequencing, MPSS) 17bp mMRNA RNA
40% mRNA DNA
DNA Yan et al. 2007
3-1
2007  Nagaki et al. 2004
3-1 3 CENB Yan et al. 2006

Tabl €3-1. Gene distribution in the CENH3 binding domain and its flanki ng donai ns

CENH3
Short arm CENH3 binding Long arm
flanking domain  domain flanking domain
Cen3 kb 1-389 389-1786 1786-2275
Coordinates (kb) in the Cen3 virtual contig
kb 389 1397 489
Size (kb)
EST cDNA 19 19 27
Genes with EST/fl-cDNA
EST cDNA 9 29 24
Genes without EST/fl-cDNA
28 48 51
Total number of genes
kb/gene 13.9 29.1 9.6

Gene density (kb/gene)

18
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DNA

(1881 kb)

Cent(r
(441 kh)

3-1 3 DNA Yan et al. 2007
Fgure 3-1. Sructure of the centronere of rice chronosone 3
3113kb  RSD 1881kbCENH3 441kb  CentO
RSD DNA L708 R3235 , CENH3 19

Cen3 includes a ~1881 kb region associated with CENH3 (turquoise colour).This CENH3-binding domain includes ~441
kb of the CentO satellite repeat (yellow colour) and is embedded within a 3113-kb recombination-suppressed domain (blue
colour). The boundary of the recombination-suppressed domain is marked by DNA markers L708 and R3235, both at 86

¢M. The CENH3-binding domain contains active genes (red bars), but with a lower density than the flanking domains.
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i 43Tkb 913 kb ; 750 kb : 649 kb : 741 kb :

' - 2312 kb : - 3

0 500 1000 1500 2000 2500 2 3500

L (S S Ly T | RN AR (i LR NN OIS i Sl ER L o ] e ol s L "DF’I - Jikb)

3-2 8 3.5M ONA Yan et al. 2005

H gure 3-2. My of the 3. 5-M Regi on Spanni ng t he Reconbi nat i on- Free Regi on, | ncl udi ng t he Gent r oner e,

of R ce Chronosone 8

54.3 cM 2312kb A 750kb CENH3 B1 913kb
B2 649kb A Cl 437kb C2 741kb
34 BAC/PAC Genebank 3.5M 10 RFLP

The recombination-free region is located at 54.3 cM on the genetic linkage map and spans;2312 kb. This region is
divided into three domains. Domain A includes the 750-kb CENH3 binding region (in pink) (Nagaki et al., 2004).
Domains B1 and B2 (in light green) flank domain A. The two distal domains, C1 and C2, flank the recombination-free
region. Sequences of 34 BAC/PAC clones (gray bars) were downloaded from GenBank and assembled into the Cen8

virtual contig of 3,489,829 bp. The 10 genetically mapped RFLP markers in this region are shown at the top of the map.
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DNA

8
2.1 ONA
12 8
FISH 64Kb Cheng et al.,
2002
Wu 2004) 1.97M DNA
68.5kb CentO 155bp 220 transposable element,
TE 60% 155bpCentO
TE Ma 2006 1.97M DNA
33 long terminal repeats LTRs
11 245 67% Nagaki 2004)  1.65M
162 28 CRR CRR 4
7.6-7.8kb 5 4.4kb
CENS8
CENS8
Yan 2005 Kasalath 186 F2
3.5Mb 54~55.4CM 54.3CM
2312kb 10 RFLP 3-2
2.2 DNA
DNA
Wu  2004) 1.97M 201
ORF 48 cDNA
CentO 8kb,4kb TGF-beta
defective chloroplasts and leaves protein
Nagaki ~ 2004) 1.65M 47 14
14 4
Schueler et al. 2001 Sun et al. 1997 Hosouchi et al.
2002 Yan 2005 3.5M DNA
225 106 EST cDNA 79 27
119 40 79
EST cDNA 32 3-3 750kb CENH3 16

7 9 46.9kb/
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DNA

176
H4 H3K4
DNA DNA
Yan et al. 2005
DNA DNA
DNA
DNA
3-2 8 3.5M RT- PR Yan et al. 2005
Table 3-2. RT-PCR Anal ysis of Genes Located in the 3.5-M Gen8 Mirtual Gontig
Genes with Hypothetical
complete Genes with Genes with protein genes
transcripts incomplete homologs
transcripts
79 27 40 79
Total no. of genes
71 27 22 78
No. of genes tested
RT-PCR 0 1 8 35
RT-PCR negative
RT-PCR 71(100%) 26(96.3%) 14(63.6%) 43(55.1%)

RT-PCR positive
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3-3 8 3.5M

Table 3-3 Ostribution of Genes and Repeats along the 3.5-Mb Gen8 M rtual Gontig

Yan et al. 2005

DNA

Domain C1 Domain B1 Domain A Domain B2 Domain C2
Feature C1 Bl A B2 Cc2
(CM) 54.0-54.3 54.3 54.3 54.3 54.3-55.4
Genetic position (CM)
3.5M 1-437 437-1350 1350-2100 2100-2749 2749-3490
Coordinate (kb)
437 913 750 649 741
Size (kb)
28 32 16 38 48
Active genes
12 20 7 24 17
Protein homology
16 12 9 14 31
No protein homology
kb/ 15.6 285 46.9 171 154
Gene density (kb per active gene)
24.0% 15.9% 12.8% 19.8% 21.2%
Active gene coverage
15 14 13 7 11
Inactive or unanalyzed genes
6 6 10 2 2
Protein homology
43 46 29 45 59
Total genes
(kb) 135.9 390.0 277.8 214.8 209.4
Retrotransposon (kb)
(kb) 10.1 55.0 329 33.1 51.3
Transposon (kb)
(Kb) 10.2 15.4 8.4 20.1 17.6
MITE(kb)
(kb) 8.1 10.9 62.2 8.4 7.1
Others or unknown(kb)
(kb) 164.2(37.6%) 471.3(51.6%) 381.3(50.8%) 276.3(42.6%) 285.4(38.5%)

Total repeats (kb)
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(ankyrin) ankyra

(ankyrin repeat)

400 3000 ANK
ANK
ANK
1. AX
1987 Breeden Nasmyth Swié Cdcl0
ANK (ankyrin) 24
(ANK repeats motif) Breeden and Nasmyth 1987 ANK
33 ANK ANK (ANK
domain)

(cytoskeletal organizers) CDK(cyelin dependent kinase)

ANK

N 85-95kD
24 33
GXTPLHXAAXXGHXXXV  AXXLLXX GAXXN DXXX 5

Gorina and Pavletich 1996 C
C
4-1 Tschopp etal. 1999 Sedgwick et al. 1999

ANK

ANK Russo et al.
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1998, Jacobs and Harrison 1998 Foord et al. 1999
Foord et al. 1999

A A MA A A
A
L IA
4-1B
ANK Russo et al. 1998  ANK
TPLH (tight turn) A A Zweifel et
al. 2003 A
ANK
ANK ANK
ANK ANK
ANK ANK
A
©) ! 1|0 2|0 3;)
D--G-TPLHLA-~~G-~-VV-LLL~~GADVNA-
C
4-1 AK
Fg.4-1 The Xray structure of ANK
A ANK B ANK C ANK

A: The ANK repeat consensus; B: The ANK repeat secondary structure; C: Assembly of the ANK-repeat

domain
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2.1

At-Phos43 AKP2 ANK1 ACD6 DREB2
NPR1 Scott 2001 43KD
AtPhos43 AtPhos43 C 2
AtPhos43 AtPhos43
Yan
AKR2 AKR2 C- 4 N- PEST kB
NPR1 NIM1 RNA AKR2 H,0,
AKR2 PR-1
Yanetal. 2002 Lu
ACD6 SA( )
ACD6 SA
9 N- 5
Lu et al. 2003, Dong 2004  NPR1 (SAR)
NPR1 (SA) NPR1
BTB NPR1 bZIP Dong et
al. 2001 Markus bzIP BzT-1 'A D1 ANKI
Markus K et al. 2003 Wirdnam
GBP1 GBP2 GBP1 GBP2
(HNI) 'A1 3 (GLUI)  HNI GLUI
GBP1 RNA
GBP1 2 PANK
GBP1 GBP GBP1 GBP TIPb
GBP Wirdnam et al. 2004
2.2
Pratelli
K" SIPK Shaker K" KAT
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SIPK Pratelli et al. 2002
Sentenac K
K*
K" Sentenac et al. 1992 Pilot ANK  K'
AKT Pilot et al. 2003  Li Chye
ACBP2 A A A
ACBP ACBP2 A N-
C- ACBP2 C-
AtEBP A Li and
Chye et al. 2004
2.3
Albert EMB506 35KD
C- 5 EMB506 emb506
emb506 cDNA
EMB506 Albert
et al. 1999) Zhang AKR 4
AKR AKR
AKR
AKR
DNA AKR AKR
4 AKR
Zhang et al. 1992  Victor
chaos
CAO 43KD CpSRP43
4 CPSRP43  cpSRP54
CpSRP43 CpSRP54
(cpSRP) (LHCP) Victor et al.
1999 Bouche cDNA
CAMTA 6 CAMTA

SIPK GUS
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CAMTA Bouche et al. 2002  Zhang
SRC interacting protein SIP steroid receptor

coactivators, SRC

SRC SRC
SRC
Zhang et al. 2007 Ha BTB
POZ ANK BOP1
BOP1
Ha et al. 2004  Kumagai
ineffective greenish nodules 1, IGN1 ignl
IGN1
Kumagai et al. 2007
CaM Ca?* CaM (CaMBP)
Choi CaM cDNA
CaM AtSRs/AtCAMTAS 103KDa
CaM ca”™
Choi et al. 2005
2.4
Chinchilla
Msapkl N- 3
Msapkl 3 2 RT PCR Msapkl
Chinchilla et al. 2003)
2.5
Molitoris 1997 A 1A

N
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2.6

xbat32

XBAT32
XBAT32
cDNA

LANK
LANK
et al. 2006
1025
LRR
binding protein 3, XB3

E3
Xaz2l

E3

E2 E2
E3

ANK

Nodzon
XBAT32
CYcsl
XBAT32

Nodzon et al. 2004
Lilium longiflorum lily
LANK lily ankyrin repeat-containing protein
LANK
RNA

Xa-21

- STK Xa2l
Xa2l Wang
Xa2l
Xb3
XB3 Xa2l
Wang et al. 2006
RingE3s
Lys Skowyra et al. 1999
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Hershko and Ciechanover 1998, Glickman

and Ciechanover 2002

El E2 E3
ATP El E2 Cys
E2 E2 Lys
E3 E3
26S
(
)
DNA ( Bsd2 )

Hettema et al. 2004, Pickart 2000, Shih et al. 2000

Shih et al.
2003
ATP
Hicke 2001
1.1
(Ubiquitin Ub) 1975 Goldstein
76 8.5 kD 6.7 Goldsteinetal. 1975
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76 Gly Lys
Lee et al. 1998 7 Lys
Lys
Lys8 Lys63 Lys2

(Ubiquitin-like proteins UBLs) Glickman and Ciechanover 2002, Saitoh and
Hinchey 2000

1.2

El(Ubiquitin activating enzyme E1)

El 1100
El 2 mMRNA
El
El ATP El
C Gly E1 Cys ATP
E1-Ub Glickman and Ciechanover 2002  E1-Ub
E1l Cys E2 Cys E2-Ub
El
(Pickart and Eddins 2004)
1.3
El E2( Ubquitin
conjugating anzyme E2) E2
14~16 kDa Cys
(Hamilton et al. 2001) E1-Ub E2-Ub
E2 E2-Ub
Robinson and Ardley 2004
E3 E2-Ub
Glickman and Ciechanover 2002 E1 E3 E2
E2 E1l E3
E3 E2 E2-Ub
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1.4

E3(Ubiquitin ligating enzyme E3)
Hellmann and Estelle 2002

26S
E3
E3
E3 E2
E3 SCFede
CDK(cyclin-dependent kinase) Sicl Sicl E3
SCFCdC4
Orlicky et al. 2003 E3
HECT RING E3 U-box
1.4.1 HECT E3
HECT (homologous to E6-AP carboxyl terminus HECT) E3
HECTE3 40 kDa HECT
HECTE3 N Arg506 Glu539 Glu550
Asp607
90 N
E2 E2 Cys
Lys £
Wang et al. 1999
HECTE3 E2 E2 HECTE3
E2 HECT
1.4.2 Ring E3
HECT E3 E2
RING RING (Ring finger domain) RING
RINGE3 RING
Cys-X;-Cys —X-Cys-Xy.3-His-X;.3-Cys-X,-Cys-X,-Cys-X,-Cys(C,HC,)
RINGE3 E3 E2
RINGE3 RING RING
RINGE3 6 RING
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3 RINGE3 3 RING

E2 Imai et al. 2003 RING E3
RINGE3 E2
E2
E2 E3 E3 E2
RINGE3 RINGE3 E2
E2
E3 2 P53-E3
MDM2(mouse double minute 2) (Honda and Yasuda 2000)

(epidermal growth factor receptor EGFR)
(platelet-derived growth factor receptor)E3 c-Chl(Tsygankov et al. 2001)

SCF(Skpl-Cullin/Cdc53-F-box-Rbx1) (aftaphase
promoting complex APC) VBC-Cul2 (the yon-Hippel-Lindau-elongins B and C-Cul2
complex)

SCF-E3 4 SCF (Skpl
Cullin/CDC53 F-Box ) RbxI (RING box 1 protein)
RING-H2 SCF-E3 RbxI E2 Cullins RbxI
F-box F-box SCF-E3
Skpl Skpl  Cullins F-box
40 F APC
13 Cyclin
Passmore et al. 2005 APC
2 APC2 APC11 SCF-E3 Cullinl  Rbxl APC2
APC11 Ub-E2
1. 4. 3 U box E3
U-box E3 C
70 U-box U-box
E3 E4 El E2 E3
Koegl et al. 1999 E4 E3
E3 U-box
E3 HECT U-box
E2
E3 U-box Cys U-box
Cys U-box
E2 E2

Hatakeyama et al. 2001  U-box E3
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Hatakeyama et al. 2004

1.5
26S Proteasome ATP
20S (core protease CP) 19S (regulatory particle RP) CP
4 (ATATATAT  26S
20S 2 A

(Voges et al. 1999)
UBL UBX(ubiquitin-like protein)
UBA(ubiquitin-associated) Rad23(radiation gene 23) Dsk2(dominant suppressor of
Kar2) Ddil(DNA damage molecule-1) Shpl/p47

26S
RP Ub
IA CP 6-10
1.6
(Deubiquitinating enzymes DUB) Clague and Urbe
2006 DUB C
100kD
26S Saitoh and Hinchey 2000
DUB
C-
101 SUMO-1(small ubiquitin-related modifier 1)
SUMO SUMO-SUMO
SUMO
DNA SUMO
SUMO

Dye and Schulman 2007
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DNA

2.1
Hershko and Ciechanover 1998
Glickman and Ciechanover 2002
B

Ciechanover 1994 / Aux/IAA

auxin response factors ARFs

ARFs
Aux/IAA E3-SCFTIRI Aux/1AA ARFs DNA

Gagne et al. 2002, Hellmann and Estelle 2002, Kepinski and Leyser
2002, Gray et al. 2001, Leyser 2001

2.2

Michael et al. 2002

Glickman and Ciechanover 2002

2.3

NF-k B P50 105kD
C 26S N 50kD
P50 Palombella et al. 1994

34


http://www.go2pdf.com

2.4

Avr9
Avr9
Cf-9 U-box ARMADILLO
E3 ACRE276 RNAI
ACRE276 Cf-9
PLANT U-BOX17 (PUBL17) Cf-9
ACRE276
Yang etal. 2006 CMPG1 Avr9/Cf-9 U-box
E3 Rocio 2006
Cf-9 Rocio et al. 2006
Pseudomonas syringae AvrPtoB
programmed cell death PCD C- E3
U-box E2
PCD Janjusevic et al. 2006 Zeng
2004 Spotted leaf 11  splll
Spl1l U-boxARMADILLO
E3 Zeng
Zeng et al. 2002, 2004
ATP
20 80 Avram Hershko
Aaron Ciechanover Irwin Rose 2004

30
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T-DNA
TAIL-PCR

1995

Xa2l MOC1 BCl ALK

T-DNA
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T-DNA
pgl2 pale green leaf 2
F2
8 SSR RM331 14
INDEL 2.37 Mb
alb 1
a b

; ; ; alb
Copenhaver et al. 1999, Heslop-Harrison et al. 1999,
Kumekawa et al.2000, Kumekawa et al.2001 Cheng et al. 2002, Nagaki et al. 2004, Wu et
al. 2004, Zhang et al. 2004 Ananiev et al. 1998, Jin et al. 2004 Sun et al. 1997, Sun

et al. 2003 Schueler et al. 2001, Rudd et al. 2003

DNA

Copenhaver et al. 1999, Cheng et al. 2002, Ananiev et al. 1998, Sun et al. 2003,
Schueler et al. 2001, Waye and Willard 1987, Choo et al. 1991, Kaszas and Birchler 1996, Hosouchi
et al. 2002 3
4 8
Yan et al. 2007, Ma et al. 2006, Wu et al. 2004

PIF1
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Hugetal. 2004  PCB2 Nakanishi et al. 2005
Frick et al. 2003 ATHCOR1 Benedetti and Arruda 2002

Rzeznicka et al. 2005
T-DNA
Chlorina-1 Chlorina-9
Zhang et al. 2006  Lee
OsCAO2 Lee et al. 2005

T-DNA
8 2.37 Mb
1.1
1.1.1
T-DNA
1.1.2
1.2
1.2.1
T-DNA
T1
2005

H  (OsCHLH)

ChID

2003 Jung

DVR Nagata etal. 2005 PORB

PORC

Xantha-I

Jung et al. 2003

Chll

OsCAO1

Oryza sativa L ssp. japonica

2001

2005
F2

38

F1

2004
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1.2.2

Chuong and Omura 1982, 1996 2001 2004

(TG-100-A; Nippon Medical & Chemical Instruments, Japan)
24 27 30 33 36

1.2.3 a b
20d 0.1~05¢g lcm
10ml 80% 26 48 h 645 nm
663 nm Arnon 1949
Chl, chlorophyll a Chla b Chib

Chla:(12.7D663'2.69D645) VIW
Chlb:(22.9D645'4.68D663) VIW

1.2.4
LiCor-6400
1500 pmol/ m? s
5
1.2.5 DNA
1992 DNA 1992
100mg
1.5ml 700ml 65 100mM Tris-HCI
pH8.0 20mM EDTA 500mM NaCl 2.0% SDS 65 30 60min
@ 550ml 4:20:76 VIV
@  10000rpm 6min
@ 500ml 5min  12000rpm 5 min
@ DNA 70% 200'1ITE
@ DNA

39


http://www.go2pdf.com

1.2.6 T- DNA

T-DNA F2 30
HPT1(5’-GTTTATCGGCACTTTGCATCG-3’), HPT2(5’-GGAGCATATACGCCCGGAGT-3’)
HPT PCR 15 uL 20 mmol/LTris-HCI 10
mmol/L (NH4);SO, 10 mmol/L KCI 2 mmol/L MgCl, 1% Triton X-100 pH 8.8 0.6 U Taq
0.17 mmol/L dNTPs 0.33 umol/L 100 ng DNA ABI 9600 PCR PCR
94 4 min 94 30s 58 30s 72 1min 35
72 10 min 600 bp 1%

1.2.7

2-5cm
12h 12h 26
0.5mg/L 6- 6 BA 50mg/L B

1.2.8

SSR 12 213 Temnykh et al. 2001,
McCouch et al. 2002 98 PCR
98
94 4min 94 30s
( )30s 72 1min 30 72 10 min 8%
2002

1.2.9

RGP
(http://rgp.dna.affrc.go.jp/E/index.html) NCBI http://www.ncbi.nlm.nih.gov/ Gramene
(http://www.gramene.org/genome_browser/index.html) 9311
http://www.ncbi.nlm.nih.gov/oldblast/BLAST/Genome/PlantBlast.shtml?10 Blast
9311 Primer Premier 5.0 DNAMAN
PCR
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2.1

T-DNA Fg10688 T1
1-1
1-1 pgl2 pale green leaf 2 T1 50
38 12 31
&= 0</®0.05=3.84 T1
2/3
F1
F2 300 231 69
3:1 I&= 0.537<!30.05=3.84
2.2 T-DNA
T-DNA 30
7 23
T-DNA
PCR
DNA 1-2 PCR
T-DNA
PGL2
2.3
1-1
a 70% b
175% a/b 2.52 a/b
1 Chla/Chl b=1.002 23.16

pmol/(m2s) 21%
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1-1 pgl 2

F g.1-1. Phenotypes of the mitant pgl2 and wild type at seedling stage
1-1 pal 2

Tabl el-1. Characterization of the mitant pgl2

a b a/ a,b
Material Plant b Chla+ Chlb Net photosynthetic
height Daysto  Effective Chla Chlb Chla/Chlb Img ¢* rate
fem heading tillers  content/mg  content/mg / mol m?s?t
/d per plant gt gt
pgl2 65.8£1.8 85+0 5.7£0.2  1.66£0.001 1.66+0.001 1.00 3.32 23.16+0.034
93.3+4.4 6810 12+0.6 2.391£0.003  0.95+0.001 2.52 3.34 19.18+0.549

Nipponbare

12 3 456 7 8 91011 1213

1-2 pal 2
PR
FHg 1-2. PR analysis of nutant
pgl 2 and the result of hygronycin
resi stance assay
1-12 13 Marker

1-12, mutants; 13, Marker
S: Sensitive; R: Resistant
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2.4 PA2

98 21 F2
8 RM331 21

1-3 RW31 PA2
Figl-3. SSRmarker RB31 is linked with the pgl 2 locus in prinary nappi ng.
1- 2- 3-F; pgl2x 4 ~24-F,

1 Nipponbare; 2  Longtepu; 3 F; pgl2 Longtepu ;4-24, Mutant individuals in F, population

2.5 PA2
9311 Blast
Primer Premier 5.0 DNAMAN RM331
49 INDEL 14
1-2 384 F2 4390 F3
PGL2 PH72 PH78 2.37TMb
PH72 2 PH78 1 1-4
12 8
FISH 64 kb Cheng et al.
2002 EST
Wu 8 2Mb 543cM  Wu
et al. 2002 Nagaki 1.65 Mb 47
14 14 4
Nagaki et al. 2004, Sun et al. 1997, Schueler et
al. 2001, Hosouchi et al. 2002 Wu 8
1.97 Mb 201
ORF 48 cDNA
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CentO

1-2 PA2

8kb 4kb
Wau et al. 2004

Tabl e 1-2. Markers used for fine mapping of the PA2 gene

CENS8

TGF-beta

Marker Primer sequence Physical distance /Mb
PH87 TCCCTGGTGTTACAATCAT 9.064
TGGCATCTCCGAATCAAAA
PH7-1 GCAGGGAAAAAATACAGCA 9.524
ACTAGCAAAATTGAAAGCC
PH7-2 TTGGATCGTCTCCCTCAA 10.950
CTCCCATGCCTTCTTCTC
PH72 CAATAGTCAACCAAAGATAA 11.782
GAAAGAAAAGAAGGGAGATA
PH56 TAAGATAGCCACTGATAAAGT 12.009
GAATATGTGAGAGTAAGCATG
PH74 GCACTGATTCTGTGGTGGTA 12.258
CTTCGTTAGCCTCATGTCTG
RM331 GAACCAGAGGACAAAAATGC 12.288
CATCATACATTTGCAGCCAG
PH75 AAGAAGCGGCAATTATAGACCC 12.711
CTGCAACCCTCAACCAAACG
PH77 AATGTTGCGGAAATATCTGG 13.809
GGCTTACTCGGTGATGATTG
PH78 CAACAGTGAATCTGCATATTG 14.153
TTATGGATTTATGACCTGCTC
PH79 GAGCCCTATCTAGCGTCACTG 14.412
ATAGAAGCACCCGCCAATCGT
PH80 AGGAAATAATTGTCCATAAC 14.732
CAACTCAAAAGGTAAAACTG
PH7-5 CAAACCGCACTGCTCACT 15.098
AGGATGCACAGCCTACCG
PH7-6 GGGAGCTGCTGCATCGTCA 15.652
CGCTGTTGGTCGCTGTCTGTC
PH7-8 ACCGAAGTAGGCCAAGAT 17.118
TTGAGAAAACCAGGGTGC

NCBI http://www.ncbi.nlm.nih.gov/

Note: Information comes from NCBI http://www.ncbi.nlm.nih.gov/
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Chr.8

Marker

PH87

PH72

<
<

1.65M Nagaki et
al. 2004, 1.97M Wu et al.
2004

| PH74

RM33

PH75

A

PGL2 8
Nagaki
ORF
PGL2
al. 2004
6 BAC/PAC

PH78

PH80

PH7-5

PH7-8

1-4 8

PH7-1

1

PA2

No. of

recombinants

83/4590

2/4590

0/4590

0/4590

1/4590

10/4590

49/4590

Distance /Mb
9.064

9.524

11.782

12.258
PGL2

2.37TMb
12.288

12.711

14153 —*>

14.732
15.098

17.118

Fig.1-4. Physical nap around the pgl 2 | ocus on chr.8

2.37 Mb

Wu CENS8

INDEL

Wu

cDNA

PGL2

45

INDEL

RNA
CENO

Nagaki et al. 2004, Wu et al. 2004
CENO TE LTR

10~-20

54.3¢cM Wu et
48
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a a(chlorophyllide a) b(chlorophyllide b)
b b b a a
b a a b Eckhardt et al.
2004, Grossman et al. 2004
Chl a/Chl b 1 a b
a b PGL2
pgl2
CENS
OSJNBa0078D03
0J1705_A03 P0O005C02
| | | |
I 1.97Mp Wuetal 2004 | ] |
0J1212_C09 0J1136_D12
v POO48E12
PGL2 2.37Mb
1-5 PA2

F g.1-5. The PA.2 gene target region and reported centroneric regi on
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1-3PGL2

BAC/PAC

Table 1-3.Predicted genes in other six BAC/PAC clones in the PGL2 gene target region

BAC/PAC (Predicted Function ) cDNA
0J1705_A03 ATP AKO073881
putative ATP binding

AKO069295

unknown protein
AKO062297

unknown protein
-tRNA ( -tRNA ) (ThrRS) AKO070378
putative Threonyl-tRNA synthetase (Threonine--tRNA ligase) (ThrRS) AK059095
0J1212_C09 NBS-LRR AK066438

putative NBS-LRR disease resistance protein homologue
0J1136_D12 AK108030
unknown protein similar to cyclase-like protein
-tRNA AK101379
putative Tyrosyl-tRNA synthetase AK101530
RNA/ AK121802
putative RNA binding / nucleic acid binding AK104999
ATOPTL,; AK121257
putative ATOPT1; oligopeptide transporter

AKO069354

unknown protein
P0005C02 AK099426
unknown protein similar to endoribonuclease E-like protein AK059447
AK107815

unknown protein
1 AKO068096
putative FLAL (fasciclin-like arabinogalactan-protein 1) AK104404
PO048E12 AK120116

unknown protein similar to porin-like protein
ATPPTL, AKO069839
putative ATPPT1; prenyltransferase
AKO064573
unknown protein similar to signal recognition particle 68K protein

OSJNBa0078D03 AKO068722
putative electron transporter/ metal ion binding AK104226

http://rgp.dna.affrc.go.jp/E/index.html

Note: Information comes from http://rgp.dna.affrc.go.jp/E/index.html
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T-DNA
ypgll(t) yellow pale green leaf 1, temporally
PCR T-DNA
F2
7 SSR RM11 RM11
22 INDEL INDEL YT6132 YT614
10.3kb Ypgli(t) KOME
Accession No. AK062845 54
RT-PCR
Ypgll(t)
<30
> 33 a b 24 b
a a/b 19.2 b 33

alb 3 a b alb

1.1

1.1.1

Oryza sativa L ssp. japonica
T-DNA TO T1
2004
2005 F1 2005
F2
1.1.2

TaKaRa PANDA35HK 2-1
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gus

NPT HPT 35S attR linker

— >—<——— — — -

attR1 cm®  ccdB attR2

1.7Kbp
2-1 R\A PANDA3SHK  T-DNA
Fig 2-1 T-DNA region of RNA vector pANDA3SHK
1.1.3
E. coli DH5!A
EHA105

1.1. 4

1.2

1.2.1 RNA

RNA

@ 100 mg
g 1.5ml 50 4501 RLT
g 05
@ 12000rpm 2min
@ EZ spin 2ml 12000rpm 2min
g 5000 RW EZ spin 120000rpm Imin
Y 1.5ml 500!l RPE

@ 1.5ml 12000rpm Imin

1.5ml 50'Il RNase-free 50
1min

49

attR T

RNA

12000rpm  1min

2min 12000rpm
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2 1% RNA

1.2.2 RT-PCR

RNA RNase-free Dnase 37 30 min 40 mmol/L
Tris-HClI pH 8.0 10 mmol/L MgSO, 1 mmol/L CaCl, 1 U RQ1 RNase-Free DNase 300 ng
total RNA 1 p L RQ1 DNase Stop Solution(20 mmol/L EGTA pH 8.0) 65 10
min RQ1 RNase-Free DNase RNA
5 mmol/L MgCl, 10 mmol/L Tris-HCI pH 8.3 50 mmol/L KCI 1 mmol/L each dNTP Mixture
10 U RNase Inhibitor 2.5 U AMV Reverse Transcriptase 2.5 pmol/py L Random 9 mers 120 ng

total RNA 30 10 min 42 30 min 99 5min 5 5 min
PCR 50u L 5 PCR buffer 10p L(TaKaRa) 5 U TaKaRa
Ex Taq™ HS, 0.33 u mol/L Primer, cDNA 5puL 60ng ABI9600
PCR PCR 94 4min 94 30s (
)30s 72 1 min 40 72 10 min 1%
1.2.3
@ 1 mmx3 mm
g 2.5% pH7.3-74 4
@ 0.1mol/ L PB pH7.0 3 15 min 1% 2h
@ 0.1 mol/ LPB pH7.0 Spurr’ 70
@ Reichart-Jung ULTRACUT E
JEOL JEM-1230
@ 80 kV Gatan 782 CCD
1.2.4 a b
20d 0.1~05¢g lcm
10mL 80% 26 48 h 470 nm,
645nm 663 nm Arnon 1949
Chl, chlorophyll a Chla b Chlib
Wellburn (Wellburn 1994)

chl a:(12.7D663-2.69D645) VIW
chl b:(22.9D645'4.68D6G3) VIW
car=(1000D470 V/W-3.27chl a-104chl b)/198

50


http://www.go2pdf.com

1.2.5

FAA
70% 85% 95% 100% 100%
1/2 +1/2 2-6

Q

2-3

30
0] 5-10

1.2.6 DNA

QIAGEN QIAquick Gel Extraction Kit
@ DNA
0] 3 QG
@50  10min
0] 1
@ QIlAquick 2ml 12000rpm
@ 0.5ml QG 1min
@ 0.75ml PE 5min  12000rpm 1min
@ 12000rpm 1 PE
@ 20m ddH20 DNA 37 10min 14000rpm 1min

51
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1.2.7

DNA 20ng
200ng
10 21
T4 DNA ligase 11 5u
ddH20 to 20'11
1.5ml Eppendorf 16 65
10min
1.2.8 E.coli DH5!A Cad ,
@ DHS5A 5ml LB 37 250rpm
@1 100 500ml LB 37 250rpm 3h
@ 10min 4000rpm 4 10min
@ 0.1mol/L CaCl,
@ 4000rpm 4 10min 0.1mol/L CaCl,
@ 30min
@ 4000rpm 4 10min
4] 30% 0.2mol.L™* CaCl, 150/IL/ 1.5ml
-80
g 1 30min
Y 90s 800!1LSOC
@ 37 250rpm 1h
0] 37 16h
1.2.9
@ DNA 1.5ml 4  10000rpm 2min
@ 100mi
0] 200m
10min

@  300m

52
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@4 10000rpm 10min
/ 1.1 4 12000rpm 10min
2 -20 30min 4 12000rpm 20min
70%
@ 20m TE
1.2.10
@ 5ml 20mg/ml YM 28 140rpm
@ 4 4000rpm 8min
Y] 5ml TE pH7.5 5ml YM
@ 20011/ 1.5ml Eppendorf -80
1.2.11
2 1lg  DNA
@ 37 5min
2 80011 YM 28 4h
g 2001 50mg/L  YM 28 2-3
1.2.12
Hiei 12~15d
NB 26 5~7d
50 mg/L (Kan) YM 28
3d CM ODgoo
0.3~0.5 AS 100 mmol/L
4d 20min
26 2~3d
50mg/ L 26 14d
14d 50mg/L
ad 15h/d 1/2MS 10cm
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2.1

2004 T-DNA V1257 T1
T1 5 6
2-2C
2-2A
9 92 9
2-2B
2-1
24°C-36°C < 30°C
> 33°C
( 2-3) ypgll(t) yellow pale green leaf 1,
temporally
2.2
V1257 T1 78 57 21
31 13=0.154<!30.05=3.84 T1
2/3
F1 300
F2 216 84 F2

31 I&=1.44<!¢0.05=3.84
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2-2 ypal 1(t)
H g.2-2. Phenotypes of the mutant ypgl 1(t) and the wild type at headi ng stage
A ypgli(t) B ypgli(t) C ypgli(t)

A: Phenotypes of the mutant ypgll(t) and the wild type at heading stage; B: Phenotypes of the mutant ypgll(t) at heading stage after
temperature lowering sharply ; C: Phenotypes of the mutant ypgl1(t) at seeding stage in paddy field

2-3 7d ypgl 1(t)
F g 2-3 Phenotypes of wildtype (W) and the ypgl 1(t) muitant(N grown for
7 d after germnation under different tenperatures

2-1 ypgl 1(t)

Tabl e2-1. Characterization of the mitant ypgl 1(t)

Material Plant height Days to heading Effective tillers
/em /d per plant
ypgll(t) 72.8+0.6 9240 11+0.6
Nipponbare 93.3+4.4 68+0 12+0.6
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2.3 T-DNA

F2 30 HPT PCR
T-DNA
2.4
2-2
a/b 24 19.21
33
2.5
2-4 24
33
24
2-2 10d  ypgl 1(t) [ny/ gl

Tabl e 2-2Chlorophyl | a (Chla) chlorophyll b (Chlb) and carotenoi d contents [ng/g] inypgl 1(t) nutant

and wld type cultivar N pponbare grown for 10 d after germinati on under different tenperatures

0
. . Temperature of environment (°C)
Material Pigment
36 33 30 27 24

Chla 0.170 0.190 0.221 0.229 0.186

Chlb 0.068 0.062 0.047 0.013 0.010

Chl a+Chl b 0.237 0.256 0.268 0.240 0.195

ypgll(t) Chla/ Chlb 2.513 3.147 4.702 17.880 19.210

Caro 0.100 0.196 0.349 0.496 0.676

Chla 0.528 0.901 1.281 1.477 1.548

Chlb 0.238 0.355 0.509 0.688 0.590

Chl a+Chl b 0.765 1.256 1.790 2.165 2.137

Chla/ Chlb 2.232 2.550 2.529 2.157 2.636

Caro 0.098 0.158 0.239 0.265 0.278
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2-4
FH g2-4 Hectron microscopic analysis of the ypgl 1(t) mutant and wild-type chloroplasts at different

tenperat ure
A B 24 cC D 24 E F 33 G H
33 S (6]

A and B are sections of ypgl1(t) mutant chloroplasts at 24 ; C and D are sections of wild-type chloroplasts at 24 ;.E and
F are sections of ypgl1(t) mutant chloroplasts at 33 ; G and H are sections of wild-type chloroplasts at 33 ; S, starch

granule; O  osmiophilic droplet

2.6 Ypgl 1(t)
98 21 F2 7
SSR RM11 21 2 19
2-5A Ypgll(t) RM11
2.7 Ypgl 1(t)
9311 Blast
Primer Premier 5.0 DNAMAN RM11
53 SSR INDEL 22
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2-3

Ypgli(t) YT6-1 YT6-4 INDEL  YT6-1 YT6-12 420 F2
4719 F3 2-5B C YpglL(t) YT6132
YT614 10.3kb YT6132 3 YT614 1
2-6

2-5  Ypgl 1(t) Ypgl 1(t)
A RVLL Ypgl 1(t)
B C INE YT6-1 YT6-12
1 D2 : 3 FI(Ypgl 4(t) ); 424 P2

Fi g 2-5 Sreening for Ypgl 1(t)-1inked narkers and i dentification of reconbi nants between the
Ypgl 1(t) locus and nol ecul ar narkers

A The SSRnarker RM1 is linked with the Ypgl 1(t) locus in prinary napping. B, C The InDels
narker YT6-land YT6-12 are enployed for identification of reconbi nantsl: N pponbare; 2:
Longtepu; 3: F1(Ypgl 1(t) Longtepu); 4-24: mutant individual s of F2 popul ation
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kb

Chr.7
No.of recombinants Marker Physical distance (kb)
RM11
477.2
73/5139 YT6-1
270
11/5139 YT61
101.9
3/5139 YT613 10.3kb
Ypgll(t
1/5139 YT614 POIL®
148.2
13/5139 YT617
118.6
66/5139 YT6-12
577.7
YT6-4
26 7 Ypgl 1(t) SR INR

IRGSP

F g 2-6 A high resol ution physical map around the Ypgl 1(t) | ocus on chronosone 7, and the
rice genetic linkage map of SSR, INDH. narkers Ypgl 1(t)-1inked

Physical distance was calculated from the map-based sequence published by IRGSP (IRGSP 2005).The black
rectangle indicates the candidate region for the Ypgl1(t) gene

2.8 Ypgl 1(t)
http://ricegaas.dna.affrc.go.jp/rgadb/
Ypgll(t) 10.3kb 1 Gene No.
0J1657_A07.AutoPredgene07 1261bp cDNA
AKO062845 519bp 2  Gene No. 0J1657_A07.Predgene03 18
7434bp cDNA AK120277 4230bp
Ca? A2 calcium-independent
phospholipase A2 12
2-4 PCR T-Vector
3 Gene No. 0J1657_A07.AutoPredgene07
OsYpgll(t) cDNA 54
2-TA 18 2-7B cDNA
AKO062845
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2-3 Ypgl 1(t)
Tabl e 2-3. Markers used for nmapping of the Ypgl 1(t) gene

bp
Marker Primer sequence Annealing Physical distance (bp)
temperature ()
RM11 5’- TCTCCTCTTCCCCCGATC-3’ 50 19204328
5’- ATAGCGGGCGAGGCTTAG-3’
YT6-2 5’-GGGGATAACACAAATGAG-3’ 50 19247433
5’-ACCGTGCTAGAATAAGAA-3’
YT6-1 5’-GCTCCCATATATATACACAT-3’ 55 19681513
5-GTTGAGATTAATTAGCTGTC-3’
YT61 5-ACGGGGACATTAAATCTGT-3’ 46 19951393
5-TTCTTGACTTCGCACCAAC-3’
YT613 5’-TCTCCCCTCACCCCTTCATC-3’ 55 20053249
5’-CTCTGCACTGCACTCCACCA-3’
YT6132 5-GTGATACTTGGTTATTCCT-3’ 46 20058677
5-TCTGATACCCAGTAGAAAT-3’
YT6131 5’-TCCCAGTGATGAAAGAGC-3’ 48 20067066
5-GGTACATATTCAATCTCCCTAA-3’
YT614 5’-GCCTCCTGACCACCCGCATCT-3’ 63 20068977
5’-GGCTCCAGTCCCAGCTCATGG-3’
YT621 5-GATTGGTTCATTTCCCTC-3’ 46 20076452
5-TTGGTACTTCATCGGTAG-3’
YT622 5’-CCAATTTATGCTGCAATCT-3’ 50 20095902
5-TTTTCTCAGCATGTCCTTG-3’
YT615 5’-AGGTACTCCAAGGACATCA- 3’ 49 20099014
5-CTTTTGAGTCGTTGGGTTT- 3’
YT623 5’-CTTGGAGGAGACAAACACC-3’ 50 20135707
5’-GAAGAAGGTCACGGGATAA-3’
YT624 5-GGAGGTAATATCTGAACAT-3’ 44 20135777
5’-CTACAACAGCCATCTAAAA-3’
YT625 5-TCCAGATTTCCTGGTATA-3’ 45 20137995
5-TAGCAGGTTTCTTTTGTT-3’
YT627 5’-AGTCGGCAGAACACCTAG-3’ 50 20186226
5’-GGGCACGCTGATCTTCAC-3’
YT616 5’-GACCGCCTCGACCAGTAAG-3’ 52 20152236
5’-GCAAGTGGATCAACTATAAACCC-3’
YT630 5’ GAAAAGTAATGCGGTGCC--3’ 49 20186226
5’-TCATAAATTGGAGGGGTC-3’
YT617 5’-CGTCCACCGATTACGTGCTC-3’ 47 20217197

5-TGCCAAGTAAGTGTTTATGATT-3’
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bp

Marker Primer sequence Annealing Physical distance (bp)
temperature ()
YT6-13 5’-AAACAAGAAAGGGAGGAT-3’ 50 20035778
5’-AAAGTTAGCGAGAGAAGC-3’
YT6-12 5’-AGGGAGGATGATGTGACC-3’ 50 20335787
5’-CCTGATGCGTATGAAAGT-3’
YT6-16 5’-GGGACTGAAAAATGCTGT-3’ 50 20678718
5’-GGATCTGATTCTCGAAGC-3’
YT6-4 5’-CAAGTACAGAAAAGGGCA-3’ 50 20913474
5’-ATTAGAGGGCAACATCAA-3’
YT6-6 5-TCCATTTTTTGTCCTCGC-3’ 50 21526010
5-CTTGTTTCAATAGTTCGG-3’
NCBI http://www.ncbi.nlm.nih.gov/
Note: Information comes from NCBI http://www.ncbi.nlm.nih.gov/
2-4 GsYpgl 1(t)
Tabl e 2-4. Priners used for sequencing of the GsYpgl 1(t) gene
0J1657_A07
Primer Primer sequence Annealing bp
name temperature () Corresponding position of
primers in BAC
0J1657_A07 (bp)
ssgl 5’-CACTTCCGAATGAAACAATA-3’ 52 22904-24306
5-TACTCCATCCCTCCGTAAAA-3’
$sg2 5’-AAAACCAACGGATGTGACCC-3’ 54 24169-25303
5’-AATAAGCGAAGCAAGCGAAA-3’
$sg3 5-TCGCTTGCTTCGCTTATTCC-3’ 54 25286-26438
5-TTTCGTTGTTGAGGCTGTGG-3’
ssg4 5’-ACCACAGCCTCAACAACGAA-3’ 52 26418-27560
5’-GACAGTGCCTGCTGCTCATA-3’
$Sg5 5’-TTGGCAGCAATTAGAGTATGT-3’ 52 27123-28434
5’-ACCTTAGGATGGAGGCGTGT-3’
SSg6 5’-CCAATTCTTTGGGTGCCCTCT-3’ 52 28181-29553
5-CTCTGCTTGCCTCCTCCTGT-3’
ssg7 5’-ACATGGATTGCCCATTGCTT-3’ 52 29482-30425
5-TTCCGAAATTACCAGGTTTG-3’
$sg8 5’-CAGCAGTTCCAACCGTGTTA-3’ 52 30137-31461
5’-GAGGCAAGATGATCTGGATTTA-3’
ssg9 5’-AGTGCATGAGGGTGCGACGAG-3’ 54 31300-32383
5’-CGCCCATTACTGGATTTCAGGTTA-3’
ssg10 5’-TAACAATGCAGGATAGTTTACC-3’ 50 32093-33084

5’-ATGCTACGACCACTGAAGAT-3’

61


http://www.ncbi.nlm.nih.gov/
http://www.go2pdf.com
http://www.ncbi.nlm.nih.gov/

0J1657_A07
Primer Primer sequence Annealing bp
name temperature () Corresponding position of
primers in BAC
0OJ1657 A07 (hn)

R Al TP S P A S S N E N N e A S N E N T N A S RIS S S ¥ e ¥ it S
i i i i e
B o e B O o e N o A o o S I eV o o o A A L P O I it i e P

"/
A R A o T I P O o O O s L NP A R O O 0 S e o o sl o S (s
i S
B O o o S o EPp E NP R S S O O L S A 0 S S A A L e P i
r.-_/
Note: Informe. & Bt ert T e e e TP T e v v et et s sc v v vt c e s T2 I L o A S B
WO el A
P R B o P P o o A £ A A s A S R O o RV S o WP P o e JP IR (N r R o i Ao
ATGGGEATGC TG GG TEEAGEFCACC TAC GACAAGATGGAGGCGCTGC TGAAC C AGGACY
METG1lyHMETLeubklaValGluGzlyThrTyrbispLysHETGlullaleuleulsnGlnisps

ssgll

$sgl2

ATGEEEATGC TGO GETGGAGGECACCTACGACARGATGEAGGCGETGCTGAACC AGGACH
METG1lyHMETLeubklaValGluGlyThrTyrispLysMETGlullaleuleulsnclnhsps

ATCCACCCGGTGGACATCCTCCTCATGC TCGCCGCCTCCGAGGGCGACARGCCCAAGCTC
A IleHisProValispIleleuleuMETLeudladlalerGlustlyispLysProLlysheus

ATCCACCCGETGGACATCCTCCTCATGCTCGCOGCCTCCGAGGGCGACARGCCCALGCTCH
IleHisProValbhspIlleleuleuMETLeullablalerGlutlyispLysPraolLysheus

GAGGAGCTCCTCCGCGCCGGC G CAAGTACGACGTCALGEACGTCGACGGCCGEACGEC G
CFluFluleuleubrgblaGlvilalLysTyrispVallyshspVallspGlyirgThrhlas

GAGGAGCTCCTCCGCGCCL o v o h s s n s m s s n m e s n = m e e s e a o
G LG LU e L e 1 o ] o e e R et -

CTCGACCGCGC G CGACGACACCAGGGAGTTCATCCTCGGCTTCGCLCGCCACCTTGHCC
LeulspirgiladlabspispThrirgGluPhelleleuslyPhebdlallaThrLeudlss

B ¢
GCCGACGACACCAGGGAGTTCATCCTCGGC TTCGCCGCCACC TTGGCC
LlalzplizpThrirgzluPhelleleutlyPhelilaldlaThrLeullas

p
GCCTGAY
Alat g

GCCTGAY
Alat®#y

2-7 GsYpgl 1(t)
Fg 2-7 The nutati on of GsYpgl 1(t)
A B

A The Blast of sequence; B The Blast of amino acid
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2-5 RI-PCR R\A
Table 2-5 Priners of RI-PCR and RN vector construction

bp
Primer sequence Annealing Product sizes
temperature cDNA
SOEP 5-AGATCTAGGGCAGGGACGAC-3’ 58 1250 531
5-ATTTCTACAAAGCTAGCCTCACA-3’
SRP 5’-CACCTACGACAAGATGGAGGC-3’ 62 214 214
5’-CGGCGAAGCCGAGGATGAA-3’
1250bp <
> 531b
277bp < P
> 277bp

2-8 GsYpgl 1(t) cODNA PR RI-PR
Fg. 2-8 PCRanal ysis GYpgl 1(t) of genone in w de type and mitant. RT-PCR anal ysis GsYpgl 1(t) of
cDNA in w de type and nut ant

A OsYpgll(t) PCR 1250bp

1 6 DL2000 TaKaRa 2 5 SPS 3 4 SOEP
B OsYpgli(t) RT-PCR 531bp

1 DL2000 TaKaRa 2 4 cDNA SPS 3 4 cDNASOEP

A: PCR analysis of OsYpgl1(t) in genome of wide type and mutant. MW of product is 1250bp in genome of wide type
1, 6: DL2000(TaKaRa); 2, 5: SPS analysis of genome of wide type and mutant; 3, 4: SOEP analysis of genome of
wide type and mutant

it REHCR dndhaiaHir QoMb DN Aite e /ACDIMENQ VY QT triBBditisn$ 31bp in wide type

http://www.nchi.nlm.nih.gov/BLAST/Blast.cqi?PAGE=Proteins& PROGRAM=Dblastp&BLAST PROG
RAMS=blastp&PAGE TYPE=BlastSearch&SHOW DEFAULTS=on Blast

http://www.nchi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Protein&list_uids=125558552&dopt
=GenPept

2.9 GYpgl 1(t) RT- PCR
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OsYpgll(t)

1250bp

477bp

2.10 GYpgl 1(t)

OsYpgll(t) cDNA

OsYpgll(t)

RT-PCR RNA
cDNA SOEP1 SOEP2 2-5
RNA cDNA SOEP SPS
cDNA 2-8 SOEP
RNA cDNA
531bp
OsYpgll(t)
SRP 5" 214bp 2-5
pENTR Directional TOPO Cloning Kits Gateway LR Clonase Enzyme Mix Invitrogen
5 CACC T
2-9 RNA pANDA183-SRP
DH5a
PCR pANDA183-SRP EHA105
PCR pANDA-183-SRP EHA105

PANDA183-SRP

3

2006

2004
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2004
30 33
30 -33
A
OsYpgl1(t) A
A
A OsYpgl1(t)
OsYpgl1(t)
OsYpgll(t)
OsYpgl1(t)
LMLAASEGDKPKLEELLRAGAKYDVKDVDGRTALDRAA
RT-PCR
18
OsYpgll(t)
OsYpgli(t)
RT-PCR
GUS
RNA
Zhang Zhang
et al. 2007 F-box U-box

Nodz-on et al. 2004 Huang et al. 2006, Wang et al. 2006
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TOPO

CCCTT AAG GGT
FGG AAG TGG TTC CCAI
4
attll
TOPO
(I
OsYpgll()  SRP pENTR/D-TOPO
pUC ot 2580bp
/ i Kanamyein
TOPO cloning
gus
NPT HPT 35S attR linker  attR
"I - TN
— > — - ——
attL1 SRP attL2 pANDA T-DAN
LR clonase
< N e 0
35S SRP GUS SRP T
RNA pANDA183-SRP

2-9 R\A

F g 2-9 Procedure of RNA vector construction
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E2
E3

T-DNA
spl19 spotted leaf 19

Tosl7 4.1kb
1
1.1
1.1.1
spl19
T-DNA
F3 F2
F2
1.1.2

1.2

El E2
E3

PCR
F2
INDEL PSES5 PSE62

spl19

RT-PCR

T-DNA

13

Oryza sativa L ssp. japonica

F2
TO

67
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2.1
T-DNA VKT1897 T1
3
3-1A B 3-1C
3-1 spl19 spotted leaf 19
2.2
VKT1897 T1 55 36 19
31 16=2.39<'30.05=3.84 T1
213
F1 300
F2 212 88 3:1

'3=3.104<!0.05=3.84

31 spl 19

Hg.3-1. Phenotypes of the mutant spl19 and the wild type at seedi ng and headi ng stage
A B spl19 C spl19

Aand B Phenotypes of the mutant spl19 at seeding stage C  Phenotypes of the mutant spl19 and the wild type at

heading stage
68
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31 spl 19

Tabl €3-1. Characterization of the mtant spl 19

Material Plant height Days to heading Effective tillers Net photosynthetic rate
fem 15| number per plant / mol m?Zs?
spl19 7241.7 640 3.710.2 25.7+0.5
93.3+4.4 680 12+0.6 21.8+0.2
Nipponbare
2.3 T- DNA
F2 30 HPT PCR
T-DNA
2.4
20d
LiCor-6400
3-1
2.5 Sl 19
12 98 21 F2
SSR PE12 21 4 4
13 3-2 Spl19 PE12

32 PE12 Sl 19
Fg3-2. SSRnarker PE12 is linked with the spl19 |ocus in prinary nappi ng.
1- 2- 3-F;  spl19x 4-24 F,

1 Nipponbare; 2 Longtepu; 3 F; spll9 Longtepu ;4-24, Mutant individuals in F, population
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2.6 Sl 19

9311 Blast
Primer Premier 5.0 DNAMAN PE12
36 SSR INDEL 19
INDEL
PSE42 PSE33 315 F2 1545 F3 Spl19
INDEL PSE55 PSE62 67.5kb PSES5 6 PSEG2

2 3-3

2.7 Sl 19

http://rgp.dna.affrc.go.jp/E/index.html Blast Spl19
8 EST cDNA 13
Zeng et al. 2004
17 FE1-17
11 6907bp cDNA 2982bp
7 Tos17 4.1kb(0J1340_C08 186486-190601) 8
2.8 Sl 19 RT- PCR
RT-PCR
3-4 RT1P1 1 P2

2 RT2P1 2 P2 5 RT3P1 8 P2 9

RT4P1 8 P2 Tos17 cDNA
3-2 RT1 RT2
cDNA RT3 cDNA
cDNA RT4 cDNA
cDNA RAC P1

5-CTCACCGAGGCTCCTCTCAAC-3' P2 5-GGATACCCGCAGCTTCCATTC-3' Tm=55
3-5
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2.9 Sl 19

Spl19 cDNA E70 5 447bp
PENTR Directional TOPO Cloning Kits Gateway LR Clonase Enzyme Mix Invitrogen
2-9 RNA pANDA340-E70
Spl19 E2
cDNA Spl19
cDNA E69 5 629bp RNA pANDA340-E69
DH5a
PCR PANDA340-E69 pANDA340-E70
EHA105 PCR
bp
No.of recombinants Markers Physical distance in chromosome (bp)
230/1860 PSE42 25601133
53/1860 PSES50 27101960
6/1860 PSES55 27480671
67.5kb I
2/1860 PSEG62 27548170
36/1860 PSE52 27605971
216/1860 PSE33 28625381
33 spl 19 =R INm

IRGSP

Fig 3-3 A high resol ution physical nap around the spl 19 | ocus on chronosone

Physical distance was calculated from the map-based sequence published by IRGSP (IRGSP 2005).The black
rectangle indicates the candidate region for the Spl19 gene

spl19 T-DNA
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F1

PCR F1
PCR
F1

1 2 5 8

RT1P1 RT2P1 RT3P1 RT4P2
> > ---- S -~—
[ |
<« <« — <
RT1P2 RT2P2 RT4P1 RT3P2
TOS17

3-4 Spl 19RT- PR

Fg 34 Schenmatic diagramof the different RT-PCR priners whi ch were used to anal yze Sl 19 in

w de type and nut ant

3-2 RI-RCR

Spl 19

Tabl e 3-2. The expected products of different RT-PCR priners whi ch were used to anal yze Sl 19

in wde type and mut ant

bp bp
Genome bp cDNA bp
Primers
Wide type Mutant Wide type Mutant
RT1 705 705 298 298
RT2 1311 1311 538 538
RT3 1295 942
RT4 2227
RAC 742 742 489 489
9311
(IRGSP 2005 Yu et al. 2002) 9311
INDEL
9311
9311
El E2
E3 El E2 E2 1
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Lys 2
E3 El E3 E2
E2 E1l E3
E3
E2 E3
Zeng 12

Splil
U-box E3 E2
E3

3-5 cCNA Sl 19 PR RI-PR
F g3-5 PCR anal ysis of Sl 19 i n genone of wide type and mitant. RI-P(R anal ysis of Sl 19 in wde
type and nut ant

Spl19 PCR 1 3579 2 4 6 8
10 11 DL2000 TaKaRa RAC RT1L 2 3 4 RT-PCR
cDNA Spl19 cDNA PCR 1 3579 2 4 6 8
10 11 DL2000 TaKaRa RAC RT1L 2 3 4 RT-PCR

Genome: PCR analysis of Spl19 in genome of wide type and mutant. 1, 3, 5, 7, 9: Wide type; 2, 4, 6, 8, 10: Mutant  11:
DL2000 TaKaRa RAC Riceactingene RT1 2 3 4 Different primers of RT-PCR
cDNA: RT-PCR analysis of Spl19 in cDNA of wide type and mutant. 1, 3, 5, 7, 9: Wide type; 2, 4, 6, 8, 10: Mutant  11:
DL2000 TaKaRa RAC Riceactingene RT1 2 3 4 Different primers of RT-PCR
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T-DNA
pgl2 pale green leaf 2 ypgll(t)
yellow pale green leaf 1, temporally spl19 spotted leaf 19 3
Ypgll(t) Spl19

1 PCR pgl2 T-DNA
F2 8 SSR RM331
14 INDEL 2.37
Mb
a/b 1 a b
2 ypgll(t) T-DNA
92 9
< 30 = 33
a b 24 b a
a/b 19.2 b 33 a/b 3
ab a/b
F2
7 SSR RM11 (67 cM) RM11
22 INDEL INDEL YT6132 YT614 10.3kb

Ypgll(t) KOME Accession No.
AK062845 54 18
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18

spl19
splll
E2

C RT-PCR Ypgli(t)

spl19
PCR T-DNA
F2
INDEL PSE55 PSE62 67.5kb 13
Spl19 8
Tosl7 4.1kb RT-PCR
Splil
U-box E3
E3
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1.
(SDS)
EDTA Sigma
(Tris) Sigma
(BSA) TaKaRa
(Agrose) Sangon
Sangon
Gelrite Woko
hygromycin B Roche
2.
MBI
DNA MBI
TagDNA TaKaRa
QIAquick Gel Extraction Kit QIAGEN
3.

GeneAmp PCR System 9600

Beckman
Nippon Medical & Chemical
Instruments

Pharmacia

Beckman

BioRAD

Perkin-Elmer
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1 LB
Trypton 10 g/L
Yeast extract 5 g/L
NaCl 10 g/L
Agar 15 g/L
pH 7.0
2 YM
KH2PO4 05 g/L
Mannitol 10 g/L
L-Glutamine 2 g/L
NaCl 0.2 g/L
MgSO, 0.2 g/L
Yeast extract 0.3 g/L
Agar 15 g/L
pH 7.0
1 10% SDS
10g 90ml 68 pH
7.2 100ml
2 05 EDTA pH8.0
186.1g EDTA-Na,.H,0 800 ml NaOH pH 8.0 1000ml
3 1MTris
800 ml 121.1g Tris HCI pH 1000ml
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4 50 TAE

Tris 242 ¢
57.1 ml
0.5 mol/L EDTA(pHS.0) 100 ml
1000 ml 50
5 5 TBE
Tris 54 ¢
275 mil
0.5mol/L EDTA(pH8.0) 20 ml
1000ml 10
6 DNA
' 50 mmol/L
15 4
Tris.Cl(pH8.0) 25 mmol/L
EDTA(pH8.0) 10 mmol/L
1 NaOH 0.2 mol/L
SDS 1%
i 5mol/L KAc 60 ml
15 4
115 ml
28.5 ml
7 DNA
Tris.Cl pH8.0 100 mmol/L
EDTA pH8.0 50 mmol/L
NaCl 500 mmol/L
SDS 1.5%

8 0.5mg/ml 6-BA
@ 100mg 6-BA

200ml
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