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Rice Annotation Project Database (RAP-DB)

Over the past 15 years, through several updates, RAP-DB has
continued to provide rice genome annotation.

rap-db £~

The Rice Annotation Project Database

. . . was conceptualized in 2004 ,
The Rice Annotation Project (RAP) ... the completion of the What's New
Oryza sativa ssp. japonica cv. Nipponbare genome sequencing by the International Rice 11/Mar/2022 ) NEW |

Genome Sequencing Project with the aim of providing the scientific community with an
accurate and timely annotation of the rice genome sequence. One of the major objectives of this
project is to facilitate a comprehensive analysis of the genome structure and function of rice on
the basis of the annotation.

¢ We have updated CGSNL
annotation and manual curation
data (see update 2022-03-

ikl ipan),
© More Ll
¢ We have started to provide the
GBrowse BLAST 5 new user interface of
Browse rice genome Execute NCBI BLAST , - = 1 Align your sequence locus/transcript annotation page
and genes against rice genome e o | with rice genome (RAP-DB beta). Please click the
or genes \ i : o0 2 :
A ‘ © More
Tweets by @rapdbj
ID Converter Keyword search S ®
RAP and MSU
@ Frontiers in Plant Science
Search Advanced @FrontPlantSci
Q New Research: Research Progress on Cloning

I B k| Beciofi i BackdbAAAIEEYob
\ \ \ 4 Ractarial Rlinht: Racntarial hlinht (RR) nf rica

https://rapdb.dna.affrc.go.jp



History of RAP-DB R
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Over the past 15 years, through several updates, RAP-DB has
continued to provide rice genome annotation.

[ |

=

2005: International Rice Genome Sequencing Project, Nature

The map-based sequence of the rice genome

- 2006: Ohyanagi, H., et al., Nucleic Acids Res.

The rice annotation project database (RAP-DB): hub for Oryza sativa
ssp. japonica genome information

- 2008: Rice Annotation Project, Nucleic Acids Res.
The Rice Annotation Project Database (RAP-DB): 2008 update
- 2013: Kawahara, Y., et al., Rice

Improvement of the Oryza sativa Nipponbare reference genome using
next generation sequence and optical map data

- 2013: Sakai, H., et al., Plant & Cell Physiol.

\/ Rice Annotation Project Database (RAP-DB): An integrative and
interactive database for rice genomics
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Monthly accesses

e

approximately 300,000 pageviews and >20,000 visits per month
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Users by country ¢ T;Al‘éééﬁ

The most accesses are from China, and that from Japan is second.
This trend has started from mid-2017.
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Shown only countries with an average monthly pageviews > 500
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* Pankaj Jaiswal, Sushma Naithani (Gramene)

This work is supported by
* Grant-in-Aid for Publication of Scientific Research Results (Databases, 2017-2021)
* MAFF Project (DIT2001, 2018-2022)



BN
RO

rap-do £~ o

The Rice Annotation Project Database

2022

March 11

We have updated CGSNL annotation and manual curation data (see update 2022-03-11.txt).

We have started to provide the new user interface of locus/transcript annotation page (RAP-DB beta). Please click the banner at the top of
the current annotation pages to see it (e.g. 0s01g0911700, Os01t0911700-01).

Transcriptome information previously provided from TENOR, RiceXPro and RiceFREND has been integrated into RAP-DB beta. In addition,
publicly available RNA-Seq data of 565 experiments can be viewed. See the "Expression (TENOR) " section of transcript annotation page and
the "Expression (RiceXpro)" and "CoExp Network" section of locus page in RAP-DB beta (e.g. 0s06t0133000-01, Os06g0133000). RNA-Seq
data is also available in JBrowse.

Genome-wide variation data among 685 rice varieties is available in the latest version of TASUKE+ (Browser > TASUKE+ (685 varieties)).
The list of "Agronomically important genes" has been updated (Documents > Agri. Genes). In addition, we have started to provide known
functional alleles and mutations for the agronomically important genes (see the "Diversity" section of transcript annotation pages in RAP-DB
beta, e.g., 0s05t0158500-01).

2021

November 11

We have updated CGSNL annotation and manual curation data (see update 2021-11-11.txt).
New track for IsoSeq was added to JBrowse and GBrowse.

May 10

We have updated CGSNL annotation and manual curation data (see update 2021-05-10.txt).

Gene expression profiles and co-expression networks in RiceXPro and RiceFREND can now be displayed in the “Expression” and “CoExp
Network” tabs for each transcript (e.g. 0s09t0565200-02).

Gene annotations of the rice SDRLK gene subfamily have been updated based on the information reported in Naithani et al. 2021.

2020

December 02

We have updated CGSNL annotation and manual curation data (see update 2020-12-02.txt). 6
“FAQ" is now available. (Documents > FAQ)



Take-home messages
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RAP-DB ...

is the only primary database for rice that continues to
update gene annotation data by manual curation.

provides gene expression profiles under >500 experimental
conditions. Currently, TENOR, RiceXPro and RiceFREND are
partially integrated into RAP-DB.

provides genome-wide variations among >600 rice varieties
through TASUKE+.

provides the list of 365 agronomically important rice genes
and 762 known functional alleles/mutations on the genes.
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RAP-DB ...

- is the onl g nues to

eERE: Functional annotation &3
- provides gene expression proflles under >500 experimental
conditions. Cu and RiceFREND are

partially integr{ €I gls expressmn

- provides genome-wide variations among >600 rice varieties
thr s
Variations (alleles & mutations)
- provides the list of 365 agronomically important rice genes
and 762 known functional alleles/mutations on the genes.
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Take-home messages

RAP-DB ...

- is the only primary database for rice that continues to
update gene annotation data by manual curation.

- provides gene expression profiles under >500 experimental
conditions. Currently, TENOR, RiceXPro and RiceFREND are
partially integrated into RAP-DB.

- provides genome-wide variations among >600 rice varieties
through TASUKE+.

- provides the list of 365 agronomically important rice genes
and 762 known functional alleles/mutations on the genes.



The number of literatures on “rice genes” @ BRI
continues to grow (~
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Spread of the

NGS technology
Emergence of NGS o .

(Ilumina)

1050 \\

1400

“Nipponbare” genome
sequencing completed

Number of literatures

\
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Publlcatlon year

The literatures on “rice genes” were searched by Pubmed using “rice” and “gene” as keywords 10



Literature-based curation of
gene function and structures
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Collect literatures describing Extract structural and functional
rice genes and its function information on rice genes through

a careful review of the literature.
PublNEd.gov .

(2 Oryzabase ooty nere

Iutegrated Rice Science Database

The Rice Annotation Project (RAP) ™ What's New
11/Mar/2022 SEI
* We have updated CGSNL
annotation and manual curation

Oryza sativa ssp. japonica cv. Nipponbare genome sequenci
Genome Sequen

project is to facilitate a comprehensive analysis of the genome structure and function of rice on Curation - transcript

data (see update 2022-03-
the basis of the annotation.

11.txt)
« We have started to pmwde the

J— * e o |- |G KKK € R aramra @ > D M om ¢ o

Browse rice genome o s Sz ETEs loc /t ipt annotation page fox s10ss s10s
and genes ice genome (RAP-DB beta) mease click the
r
5] Mo re 0504t0612000-01 [Viow inariro) . e
7 Tweets by @rapas ®
1D Converter 3 Keyword search SRR W
RAP and MSU
& _ @ Plant Cell Physiology
AT Advanced @PCP_EIC
LIFrom PCP Latest Issue (63-2): Regular i) (e
Paper
NDL1, the Ortholog of Arabidopsis ENHANCER
OF SHoOT
REGENERATION1/DORNROSCHEN, Mediates -
anf Navalanmant and Maintananna of tha End 271
Phas

Embed View on Twitter

0504t0612000-01 [+

Type [cos .
stat (31034272 End 31034410

Gene annotation in RAP-DB is updated twice
a year.

So far, >4,000 genes have been manually Edit rice gene annotation
curated (May 2009-March 2022). through in-house curation system.11
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The number of literatures on “rice gene”
by journal
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12

*shown only journals
with >100 literatures

Journals
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Take-home messages

RAP-DB ...

- is the only primary database for rice that continues to
update gene annotation data by manual curation.

- provides gene expression profiles under >500 experimental
conditions. Currently, TENOR, RiceXPro and RiceFREND are
partially integrated into RAP-DB.

- provides genome-wide variations among >600 rice varieties
through TASUKE+.

- provides the list of 365 agronomically important rice genes
and 762 known functional alleles/mutations on the genes.

13



Rice gene expression databases
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Those expression data has been integrated into RAP-DB.

TENOR

RNA-Seq data under 140 environmental
stresses and plant hormone treated
conditions.

0s06t0211200-01
Similar to Abscisic acid responsive elements-binding factor (ABA-responsive element binding protein 1)
(AREB1). ()

B Ilh|uhmdh|.|llllnnmmuuu1||m muhjﬂlllllllllll

ooooooooo

oo | osermencmenc s | e v | comiosoc |
Select conditions
cdH
acont fl@id fo4d Ha@1o
acont fl@id Ho4d H@1o
ryLow Cd P
ot: l@cont H@id H@4d Heiod
t: H@cont B@id Ho@4d Heiod
rought &
ot: Jacont Bmih Ha3n Bash Boin Boid
t: Jacont Boih Ba3n Jash Boin Joid
lood F
t: t Joih fBo3n Josh Boin foid |
gcont fl@in @3 Jesh Boi2n foid |
Id =
: Qacont Boin Ba3h Bosh Boin Boid
: Bacont Boin Be3h Bush Boin HBoid

Kawahara Y. et al. 2016 Plant Cell Physiol.

RiceXPro

Microarray data of tissues/organs encompassing the
entire growth of the rice plant under natural field
conditions, etc.

RiceFREND

A platform for retrieving coexpressed gene networks
in rice

Sato Y. et al. 2013 Nucleic Acids Res. 14



Update of TENOR
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Published RNA-Seq data of 565 experiments was collected and

meta-data was curated.

The expression profiles and read alignments are provided in RAP-DB.

leaves lamina base

apical meristem

plant egg cell

plant callus
panicle inflorescence

root

anther

embryo plant cell

floral organ primordium

fruit formation stage

flowers bud

sperm cell

plant fruit formation aleurone Iayer

seed endosperm

Analyzed tissues by Trait Ontology (TO)

Analyzed conditions by Plant Experimental
Conditions Ontology (PECO)

Hoagland-solution-exposure
Xanthomonas-oryzae-pv.-oryzicola-exposure
limited-nitrate-exposure
cadmium-exposure abscisic-acid-exposure

sodium-arsenite-exposure

jasmonic-acid-exposure :
: o 2 osmotic-stress-exposure
gibberellic-acid-exposure

growth-chamber-study

field-study phosphate-exposure

control-exposure
limited-phosphate-exposure

Xanthomonas-oryzae-pv.-oryzae-exposure
cold-air-temperature-exposure
inorganic-chemical-exposure  drought-environment-exposure
soil-environment-exposure
sodium-chloride—exposure Magnaporthc-spp.-exposure
flood-water-exposure

greenhouse-study

15
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Demo:

Viewing gene annotation in RAP-DB

* Search by Gene ID, symbol, name, etc.

* |ocus/transcript annotation page (beta version)

16



Search by Gene ID, symbol, name, etc.

The Rice Annotation Project (RAP)

was conceptualized in 2004
upon the completion of the

Oryza sativa ssp. japonica cv. Nipponbare genome sequencing by the International Rice
Genome Sequencing Project with the aim of providing the scientific community with an

accurate and timely annotation o

f the rice genome sequence. One of the major objectives of this

project is to facilitate a comprehensive analysis of the genome structure and function of rice on

the basis of the annotation.

GBrowse BLAST

Browse rice genome Execute

and genes

against rice geno

© More

BLAT

L L
\,

NCBI BLAST Align your sequence

with rice genome

or genes

S

ID Converter

Convert IDs between
RAP and MSU

Hits (Searchresults1-30f3)

*kkd

D Description

Transcription
activator VP1-
rice.

0s01t0911700-02

B3 domain-
containing
transcriptional
activator, Control
of seed
dormancy
(0s01t0911700-
01);Transcription
activator VP1-
rice.
(0s01t0911700-
02)

0s01g0911700

B3 domain-
containing
transcriptional
activator, Control
of seed
dormancy

0s01t0911700-01

Keyword search

Advanced

@ All O Locus O Transcript

RAP-DB Oryzabase
RAP-DB CGSNL CGSNL i Oryzabase
Gene Gene
Position Gene Name Gene Gene Gene Name
Sy Synonym(s) Symbol Name S Synonym(s)
Synonym(s) Y Y o Synonym(s) Y Y
Viviparous-1,
Protein
viviparous
Vp1*
(0svp1), h":(‘;:‘[;?r'f3
OsVPL, containing
X VIVIPAROUS ~ OsVp1, Vpl1, ¢
chr01:39723171..39726874 VPL A ABI3, OSABIS, '?::r::lc::t'?;n
gz\l;Fl::, activator VP1-
OS\|/)P1' rice, LEAFY
COTYLEDON 2
and FUSCA 3-
LIKE 4
Viviparous-1,
Protein
viviparous
Vp1*
(osvey),  fomelos, 83
O contair:ing
. - VIVIPAROUS ~ OsVp1, Vp1, y
chr01:39723171..39726984 OsVP1 Viviparous1 VP1 i ABI3, OSABI3, ?::r:?c:u\)lt'i’;ry\
gs\L/FE‘:' activator VP1-
055\7P \ rice, LEAFY
COTYLEDON 2
and FUSCA 3-
LIKE 4
Viviparous-1,
Protein
viviparous
Vp1*
osiry, s 3
OsvPL, containing
. - VIVIPAROUS ~ OsVp1, Vpl1, y
chr01:39723186..39726984 OsVP1 Viviparous1 VP1 A ABI3, OSABLS, .F::::::r:i:;;,‘
OSULA activator VPI-
OS\F/)Pll rice, LEAFY
COTYLEDON 2
and FUSCA 3-

LIKE 4

Search string

Search all words (AND search): ‘germination

Search exact phrase (Phrase search):‘
Search any words (OR search): ‘

Exclude words (NOT search): ‘

Search attributes

OJ Gene identifier (e.g. 0s01g0100600, Os01t0100600-01)
Gene description

J RAP-DB Gene Symbol Synonym(s)

(J RAP-DB Gene Name Synonym(s)

O CGSNL Gene Symbol

0 CGSNL Gene Name

[J Oryzabase Gene Symbol Synonym(s)

O oryzabase Gene Name Synonym(s)

[J Gene ontology (e.g. nucleic acid binding, GO:0003676)
O Functional domain (InterPro) (e.g. Single-stranded nucleic acid binding R3H, IPR001374)
O Transcript evidence (e.g. AK121339, EU948781)

O Literature PMID (e.g. 22889013)

O oryzabase ID (e.g. 11455)

Output options

Hits ( Searchresults 1 - 10 of 126 ) @ Al O Locus O Transcript

Results

RAP-DB
Gene
Symbol
Synonym(s)

RAP-DB Gene CGSNL
Name Gene
Synonym(s) Symbol

D Description Position

PEBP
(phosphatidylethanolamine-
binding protein) family
protein, Regulation of ABA
signaling-mediated seed
germination

MOTHER OF FT

chr01:612564..615631 ANDTFL 2

0s01t0111600-01 OsMFT2

PEBP
(phosphatidylethanolamine-
binding protein) family
protein, Regulation of ABA
signaling-mediated seed
germination
(0s01t0111600-01)

MOTHER OF FT

chr01:612564..615631 A

0s01g0111600 OsMFT2

Similar to DNA binding
protein. (0s01t0159800-
01);Basic helix-loop-helix

(bHLH) transcription factor,
Mediation of seed
germination, Seedling
recovery from salt stress
(0s01t0159800-02)

basic helix-loop-

chr01:3129056..3130722 helix protein 035

050190159800 OsbHLHO35

Basic helix-loop-helix
(bHLH) transcription factor,
Mediation of seed
germination, Seedling
recovery from salt stress

basic helix-loop-

chr01:3129106..3130722 helix protein 035

0s01t0159800-02 OsbHLHO35

Plant-specific small protein,
Hybrid incompatibility,
Pollen germination
(0s01t0258600-01)

050190258600 chr01:8657066..8658466 DPLL DOPPELGANGER1 ~ DPL1

Plant-specific small protein,
Hybrid incompatibility,
Pollen germination

0s01t0258600-01 chr01:8657066..8658466 DPL1 DOPPELGANGER1 DPL1

FA =1
Z NA

CGSNL Gene
Name

MOTHER OF FT
AND TFL 2

MOTHER OF FT
AND TFL 2

DOPPELGANGER
1

DOPPELGANGER
1

BN
RO

Oryzabase Oryzabase
Gene
Gene Name
Symbol o onym(s)
Synonym(s) Y Y
OsMFT2,
Pk MFT-like gene 2
OsMFT2, '
e MFT-like gene 2
OSbHLHO3S,
BHLHO3S, o loon-
osbiLr3s, o oo
bHLH35, P
bHLH107
OsbHLHO35,
DHLHO3S  pasic helix-loop-
osbHLAEs, o 0
bHLH35, P
bHLH107

DOPPELGANGER1

DOPPELGANGER1

17
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You can get the list of genes 7

between chromosomal positions or markers

rap-db £~

The Rice Annotation Project Database

Home > Tools > Batch Retrieval BLAST
BLAT
Batch Retrieval

Data type you want to retrieve

ID Converter

Keyword Search

O sequence data

Gen:oum, v SatehRetiaal BatCh Retrieval
® Annotation data

Gene description (gene function and accession number) D Description Chromosome  Start End  Strand GO InterPro
Genomic location (chromosome, start, end and strand)

Cellular Component:
Gene ontology (GO) annotation

nucleus
Functional domain (InterPro domain) (GO:0005634),

SNF2-related (IPR000330),
Chromo domain/shadow
(IPR000953), Zinc finger,
PHD-type (IPR0O01965),

Zinc finger, FYVE/PHD-type

Molecular Function:

Gene IDs or genomic segment DNA binding
(G0:0003677),

® U6 ted b : SNF2-related Molecular Function: (IPRO11011), Zinc finger,
SBURLEEL s R R DT 0506t0102800-01  domain containing chr06 195018 204322  + protein binding ' 9ern
rotein (G0:0005515) RING/FYVE/PHD:type
P . MoIeCL;Iar Functic;n' {IPRO13083), Chromo
ATP binding domain-like (IPR016197),

Zinc finger, PHD-finger
(IPR019787), Chromo
domain (IPR023780)

(G0:0005524),
Molecular Function:
zinc ion binding
(G0:0008270)

P Conserved
“ 0s06t0102900-01 hypothetical chr06 204487 208534 + NONE NONE
® Chromosome and coordinates* protein.
Dump genes located on
_ Molecular Function:
in the range between | 200000 - 250000 CCT domain protein binding T
O Marker names* taini tein, G0:0005515), S
_ _ 0s06t0103000-01 O™ aning Protein chr06 209204 210107  + ( D' (1PRO00315), CCT domain
Dump genes in the region between two markers, Regulation of Molecular Function: (IPR010402)
marker name and | marker name heading date zinc ion binding
(G0:0008270)
(*) The maximum length of the region is 10,000,000 bp.
0s06t0103100-01 Hyp“:‘?t'ca' chr06 212913 214438 - NONE NONE
Output type RIOC:
Molecular Function:
® view transferase activity, Transferase (IPR003480),
Save as FASTA file 0s06t0103200-01 Transferas_e family chro6 213020 214695 . transferring acyl! Chloramphenlcol_
® e e EleEnies Gl protein. groups other than acetyltransferase-like
O Save as Excel file amino-acyl groups domain (IPR023213)

(G0:0016747)

=3 N — —
18




New locus/transcript annotation pages
have been opened

rap-db £~

The Rice Annotation Project Database nks

Cl t oug, New website! RAP-DBsera

Home > GBrowse > Details View Keywords

=

N

I
A

BN
RO

Name: 0Os01
Type: gene
Description: B3 domaiw-containing transcriptional activator, Cd ’
(Os01t0911700-01);Transcription activator VP1-r 4
Source: irgsp1_locus rop dg:"/’ 0
. The Rice Annotation Project Database o
Position: chr01:39723171..39726984 (- strand) .
Length: 3814 bp Home > GBrowse > Details View Keywords
ey o
CGSNL Gene Symbol: VP1 Check out our New website! RAP-DBzera
Note: B3 domain-containing transcriptional activator, Cc . N -
(0s01t0911700-01):Transcription activator VP1-r US =G Jorowse & buxe
Oryzabase Gene Name Viviparous-1, Protein viviparous homolog, B3 dom
Synonym(s): Transcription activator VP1-rice, LEAFY COTYLEL Details e - - Gene Structure Expression CoExp| Network
Oryzabase Gene Symbol Vp1* (OSVP1), OsVP1, OsVpl, Vpl, ABI3, OsABI3,
Synonym(s):
RAP-DB Gene Name Viviparous1 Locus
Synonym(s):
RAP-DB Gene Symbol OsVP1 050190911700
Synonym(s):

Transcript variants:

load_id:
primary_id:
gbrowse_dbid:

0s01t0911700-01
0s01t0911700-02
0s01g0911700
33606
annotation:database

Description

B3 domain-containing transcriptional activator, Control of seed dormancy

RAP-DB Gene Symbol Synonym(s)

OsVP1

RAP-DB Gene Name Synonym(s)

Viviparous1

CGSNL Gene Symbol

VP1

CGSNL Gene Name

VIVIPAROUS 1



Locus annotation page (beta version)

Description, symbol, name and structures

Transcript variants oso 19091 1700

Sequence
Expression (RiceXPro)
CoExp Network

Diversity Gene Symbol(s): VP1, OsVP1, Vp1* (OSVP1), OsVpl, Vpl, ABI3, OsABI3, OsLFL4, OsVp-1, OSVP1
Oryzabase Gene Name(s): VIVIPAROUS 1, Viviparous1

Feature

@ Raw O Normalized or Cy5/Cy3 Ratio

[RXP70001: Spatio-temporal gene expression of various tissues/organs throughout entire growth in the field v|

B3 domain-containing transcriptional activator

RiceXPro (Microarray data)

0s01t0911700-01 T sep. 28, 2020 S H
8 B £
B3 domain-containing transcriptional activator, Control of seed dormancy % 40k
RAP-DB Gene Symbol(s): OsVP1 N
RAP-DB Gene Name(s): Viviparousl g IS
@ e
20k
-l &
10k
0
39724k 39725k 39726k ° .
e
) OO AN O AOaAaNEAaNAOOEAAD oo
0s01t0911700-02 SEEBEERERERERERaRaEEEEE ELY Bifssissszsazsais
deddddddddydedddddisesiiiee EEENSNRdddodreee g
Transcription activator VP1-rice. §E§§555@?5@@5‘2??55@“‘&%5‘-‘-‘.55 I H T
FPBEES oy BB ETEBERB SN EEEEGS ] 5EE5588888
RAP-DB Gene Symbol(s): JgEEdY JBE EBBESRiizEIEY “Eg EEEEE
RAP-DB Gene Name(s): - ggggggggggwggggmggg = 57
18%% TBE3s -
- 53

-l

39724k 39725k 39726k

0s01t0911700-01 v

>0501g0911700 class=Sequence_position=chr01:39723171..39726984 (-strand)

CTCAGTAACTGCACCCACCTCCACACCTACACGCACACAGACARACAAAGCCAAACCCCCCGCCTCGCCTACATCTCGCGCTCTCCGCCCCCCG

CCCGCCTCCACTCTGCATGGACGCCTCCGCCGGCTCGTCGGCGCCGCACTCGCE. GGAAC T GC C CGGCC

GGCGG 'CCCGGCGGCGGAGATC: GGC 1 'GTCTTTTTCGCTGACGATACCTTCCCGTTGCTCCCGG
ACTTCCCGTGCCTTTCTTCCCCGTCAAGCTCAACCTTCTCGTCGTCGTCGTCGTCGAACTCGTCCAGCGCTTTCACCACCGCGGC

TTGCGGCGGTGAGCCGTCCGAGCCGGCCTCGGCGGCGGAC!  TTTGGTGAGCTCGCCGACATAGACCAGCTCCTCGACCTCGCGTCGCTGTCC

GTACCGG! 'GCGCCCGA : o
ermen ] Hierarchy MR Oor MR rank @ :
Seq uence and st ru ct ure o
AGAAGAAI !GAGTTCCC

CTCCGGT! JACGCCATG

TACCCAG! 'GACCGCGG

CGGCGGCGGGCGACATGCATGCGTCGGG] ACATGGCCTGGCCGCAGCAATTCGCGCCGTTCCCCGTCTCCTCCACGAGCTCCTACAC ) .
CATGCCGTCGGTCGTGCCACCGCCGTTCACCGCCGGATTCCCCGGGCAGTACTCCGGCGGCCACGCCATGTGCTCTCCACGCCTCGCCGGAGTC R I ce F R E N D ( Coexp ress I o n n etwo r k)
GAGCCGTCCTCGAC: C GGATGGCGAGGCAGCGCCGCCTCTCCTGCCTGCAGCAGCAACGTAGCCAGCAGCTCAACC
TGAGCCAGATCCACATCTCCGGCCATCCACAGGAGCCCTCCCCTCGCGCCGCGCACTCGGCGCCGETCACCCCGTCGTCGGCCGGCTGCCGGAG
CTGGGGCATCTGGCCGCCGGCGGCCCAGATCATCCAGAATCCCCTATCAAACAAGCCCAATCCTCCTCCCGCCACGTCGAAGCAGCCGARACCT
TCGCCGGAGAAACCGAAGCCGAAGCCGCAGGCGGCGGECGACGGCCGGAGCGGAGAGCCTTCAGCGCTCGACGGCTTCAGAGAAGCGGCAGGTGT
GCATGCATGCAGACGATTGACATCAATCGCTATCCACCATAGCTAGGATCTCACGCGAGTGAGAACTCGATTCTCCTCCTCACACACACTCCAC
ACACTCAAAACTCACTCACTCACATCGCTGTCCAGGGATAGAATCTCCAATATTTATCAACCTAGCTAAT TARACGGCATCGATTGGATTGCTG . 0s03g0793700
CAGGCGAAGACGGACAAGAACCTGCGGTTCCTGCTGCAGAAGGTGCTGAAGCAGAGCGACGTCGGGAGCCTCGGCCGCATCGTGCTCCCCARAG
TGAGACAGTCACCACCATCTCGAACACCTTCTCCTTCCARATCCACTACCCCACTTGGCACAAATCCATTCCATGGAAGGATCCCACTTGCACA
CACTCACATACTTGATGTTTCTCCCCTAATCARAGACGGAATTTGCCTGAACCTTCTCTTCACATTTCCGATCATGGTAGAACTARAAAGTCTC
CCTTTCTTGATCTGTGGATGGT TTCAGAAGGAAGC: TCACCTGCCGGAGCTGAAGAC! TGTCTCCATCCCCATGGAAGAC
ATCGGEACGTCTCAGGTCTGEAACATGOGETACCGGTGAGTAATCAACATTCGATCGAAGCATCAAGCATGATTTGGGATTGCT TATTAAGCTT .Oso'l g0911700
GTTTAAGTCCACTTGCTTCTTTGTTAATT! T 'CTCTGAACC: TAGT! TGACTATGGGATGGTCCCTTTCCCAATT
GGGCAAGTGGGTCATACGAACATATCATTGGAATCTGGGAGTCARATAGGAGCATGCATTCATCGTGT TCTATGT TGATGCTCAAGTGCATACA
ACAARAAAATAARAGTGATCTTTTCCTGCTGTTTTCAGTACTARCATTATGCATATGATTTTTGCTGGTTCTGCTGAGCTCATGTTTTTGATTA .OS] ]gO4‘Z§)Q Og03] 8200 A 1A AranTAA
ATTAATTTAATTATTTCCATTGGCAATATTATATATGCACAAGTTATTCGAATACATGATGGCTTAGATTTTGATTCACTGACATTAATGGATA 0s01g0911700 -> Os10g0542100
TTGATTTTCATGAAC. TT 'CCAACAACARAAGC, TATCTTCTCC ACACAGGT! TAGC: (CTTTTGAATTATTCAA MR = 6.325
ATTTTACAGTCACAAGCCATGCCAATAACTTCCATCCTTAATTTGTGGCTCTCAAGTATTGTTGATTAATCGTTGT TTTTTTCAGGTG 3900
ATTTTGTTCGTTCAAACGAGCTGC: TCATTGTGAT TACTCCGATATCAAGTCAGGCAAATATGTAATGTTCATCCATCATTG MR rank = 2
CCCTTCCCACTTCTTTCGAGTACTCTTTAACTCAACTCAGT TGGATGTGATTTTGAGTGCCAATAAGCTATATATAGT TGCTGCATGCCACTGT Weighted PCC = 0.866359
TTGICTTTAATTCGGATGACCAGTTTGGCAGTATCTTTGT TTATGGAGTACTTCTGTTAAT TTCTGCAAGCAGCAGCTAATTAATTATTAACCG
TAATCTTAATTTATCTCTTAATTAT AGCTGATACGTGGTGT GGTGAGGCGCGCGGCGCAGGAGCAAGGCAACTCGTCGGGGGCGGT
GGTAAGCATAAGCATGGCTCGCC! AACCCGGCGTCTCGTCCAATACAAAGGCCGCCGGCGCCGAGGACGGCACCGGCGGCGATGACAGTG
CCGAAGCCGCAGCGGCGGCGGCGECAGGCAAGGCTGACGGCGGCGECTGCAAGGGCAAGTCCCCGCACGGCGTGCGGCGTTCTCGCCAGGAGGT 2 O

CGCCECCECCGCCTCCATGAGCCAGATGGCGETTAGCATCTGAAGARACAGATGACAGCAGCAGCAGCAAGCTTCAGTCCATTTGAAGGTTAAT
TATTAGCTAGCTAGCTCCGTATTATAACCGATGGTARAACCTCCTARARARATTAATTAAGTTGTGCATGTGAATCGTAGCGCTAGCTAGGGAT
GATATTTGATCAGTAACCCGTAGTCCCCGTACCAGTGACGCTTAAGTACGCATGGTTTGGTTGTTCATCGTT CCTGTAGTGTGTCGTCG
TCCTGTACATGCATCGAATTATGGAATTAATTAATTACCTTAATCGTCGTGTCC




Transcript annotation page (beta version);

Description, symbol, name, GO, InterPro, etc.

Description

Gene Symbol(s)
Gene Name(s)
Position

Locus

Other variants
Gene ontology
Functional domain
Subcellular location
Transcript evidence
Protein evidence
Literature
Expression (TENOR)
Diversity
Oryzabase

0s01t0911700-01 [o7C

| Sep. 28, 2020

B3 domain-containing transcriptional activator, Control of seed dormancy

OsVP1

Viviparous1

chr01:39723186.

KEGG

Sequence 050190911700

nucleus (GO:0005634)

AK073805 (Oryza sativa Japonica Group, Nipponbare)
Oryza sativa Japonica Group cDNA clone:J033069102, full insert sequence

0s01t0911700-02  p37398-2 (Oryza sativa subsp. japonica)

B3 domain-containing protein VP1

Molecular Functio

"OsVP1 activates Sdr4 expression to control rice seed dormancy via the ABA

signaling pathway"

Wengi h I. Thi | 1):68-78 (2021)[DOI
DNA-binding pseu engiang Chen et a e Crop Journal, 9(1):68-78 (2021)[ ]

B3 DNA binding dumaim qursuusssuy

Genome-wide variation data
Known functional alleles & mutations

Genome-wide variation data

o TASUKE+ for RAP-DB (685 varieties)
e TASUKE+ for NARO Genebank core collection

® Bar O Boxplot

(Strand-specific RNA-Seq (8 tissues, suc

TPM

=

Strand-specific RNA-Seq (8 tissues, such as flower, leaf, root, seed, etc.)
Wang et al. 2015 Plant J. [PubMed] [DOI]

¥ Sample information

flower bud; before

SRX507920  pOWEL flower bud (PO:0000056)
lowering
flower; at the .
SRX507921  qolo o Y flower (P0:0009046)
SRX507922 gag Ieat; before flag leaf (PO:0020103)
lowering
SRX507923 239 jeaf Jatten flag leaf (PO:0020103)
owering
SRX507924 00t; before root (PO:0009005)
flowering
SRX507925  root; after flowering root (PO:0009005)
. . whole plant fruit formation stage
SRX507926  milk grain (P0-0007042)
SRX507927 mature seed seed (PO:0009010)

' TASUKE+ T

o TASUKE+ for RAP-DB (old, 533 varieties)

Known functional alleles & mutations

Nipponbare cr-osvpl-1

CRISPR/Cas9 g.39726701_39 p.Asp35Glufs*35

mutant mutant 726702insT
Zhonghua Osvpl EMS mutant - -
11 mutant

high germination rate

increased pre-harvest
sprouting; low ABA
sensitivity

Wengiang Chen et al.
The Crop Journal,
9(1):68-78 (2021)[DOI]

Wang J et al. J Agric
Food Chem,
68(50):14748-14757
(2020)[PubMed]

RN
NARO

TENOR (RNA-Seq data)

greenhouse study (PEC0O:0007248)
greenhouse study (PEC0O:0007248)
greenhouse study (PECO:0007248)
greenhouse study (PEC0O:0007248)

greenhouse study (PECO:0007248)
greenhouse study (PEC0O:0007248)
greenhouse study (PEC0O:0007248)

greenhouse study (PEC0O:0007248)




Browse

 RAP-DB, MSU, RefSeq, IsoSeq transcripts structures
e Alignment of RNA-Seq reads
etc.

Fnysiot. ) or -
» mRNA-Seq under drought stress conditions Genome  Tra View  Help IRGSP-1.0 o Share
(TENOR) (Kawahara et al. 2016 Plant Cell Physiol-) o 5,000,000 10,000,000 15,000,000 20,000,000 25,000,000 30,000,000 35,000,000 40,§00.000

©.~> Q Q QQ chr01| v | chr01:397215567.39737978 (16421 Go | % | mme

» mRNA-Seq under JA treatment (TENOR) (Kawahara
et al. 2016 Plant Cell Physiol.) 24
» mRNA-Seq under ABA treatment (TENOR)

(Kawahara et al. 2016 Plant Cell Physiol.) 24

< R - — .. o e
» mRNA-Seq under no treatment (control data in 0s01t0911700-02 0Os01t0911800-01 0s01t0911900-0
Transcription activator VP1-rice. Similar to Heavy yosin-like protein (Fr . Similar to Uncha

TENOR) (Kawahara et al. 2016 Plant Cell Physiol.)
40

» mRNA-Seq (leaf after innoculation of Magnaporthe
oryzae strains) (Kawahara et al. 2012 PLoS ONE) 3
» mRNA-Seq (7 tissues, such as leaf, root, panicle,
callus, etc.) (Sakai H et al. 2011 Genome Biol Evol.)

14
» Spatio-temporal transcript profiling of rice roots

Representative transcripts

e
0s01t0911700-01
B3 domain-containing transcriptional activator, Control of seed dormancy

MSU Osa1 Rice Gene Models

i

LOC _0s01g68370.1

i —— I 8 — ..
LOC_Os01g68380.1

- - L ) —i a1 .
and shoots in response to phosphate starvation and LOC _0s01g68370.2 LOC_0Os01g68380.2
recovery (Secco et al. 2013 Plant Cell) 126 - -
» mRNA-Seq (root under phosphate starvation and LOC -0s01968370.3
recovery conditions) (Secco et al. 2015 Elife.) : 9 LOC _0s01g68370.4
» Total RNA-Seq (root under phosphate starvation
and recovery conditions) (Secco et al. 2015 Elife.) IsoSeq, Leaf, GC

15
: o—i— .
 Total RNA-Seq (8 tissues, such as flower, leaf, PB.1314.2 -
root, seed, etc.) (Wang et al. 2015 Plant J.) 8 o I = M o — s = "
select all from category PB.1314.1

flower bud; before flowering (SRX507811)
flower; at the flowering day (SRX507812)

PB.1314.3
- — ..,

flag leaf; before flowering (SRX507813) PB.1314.4
flag leaf; after flowering (SRX507814) a1,
root; before flowering (SRX507815) PB.1314.5

root; after flowering (SRX507816)
milk grain (SRX507817)
mature seed (SRX507818)

» Strand-specific RNA-Seq (8 tissues, such as flower,
leaf, root, seed, etc.) (Wang et al. 2015 Plant J.) 16
» Strand-specific RNA-Seq (shoot, seed, snther,
pistil) (Zhang YC et al. 2014 Genome Biol.) 8
» mRNA-Seq (9 tissues, such as leaf, flower, anther,
pstill, etc) (Davidson RM et al. 2012 Plant J.) 11
» mRNA-Seq (root and root tips in early
development) (Kyndt et al. 2012 J Exp Bot.) 10
» Strand-specific mRNA-Seq (shoot and root under
nitrogen starvation) (Shin et al. 2018 BMC
Genomics) 24
» mRNA-Seq (egg, sperm, zygote) (Rahman et al.
2019 Plant Cell Physiol.)
» mRNA-Seq (leaf) (Yang et al. 2019 BMC Plant Biol)
3

» mRNA-Seq (culm tissue containing shoot apical
meristem) (Song et al. 2015 Proc Natl Acad Sci U S

milk grain (SRX507817)

mature seed (SRX507818)

flag leaf; before flowering (SRX507813)

flag leaf; after flowering (SRX507814)

-

PB.1314.6

22

e
LOC_Os01g683¢
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Take-home messages

RAP-DB ...

- is the only primary database for rice that continues to
update gene annotation data by manual curation.

- provides gene expression profiles under >500 experimental
conditions. Currently, TENOR, RiceXPro and RiceFREND are
partially integrated into RAP-DB.

- provides genome-wide variations among >600 rice varieties
through TASUKE+.

- provides the list of 365 agronomically important rice genes
and 762 known functional alleles/mutations on the genes.
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Towards population-level genomics
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Most resequencing data is used only once.

It could be used more effectively.

Xu et al. 2011 Nature Biotech.

Resequencing 50 accessions of cultivated and W
rice yields markers for identifying agronomically 50
important genes

Xun Xu!~312, Xin Liu>12, Song Geb12, Jeffrey D Jensen>!12, Fengyi Hu®12, Xin Lib12, Yang Dong“z,

Ryan N Gutenkunst’, Lin Fang?, Lei Huang>*, Jingxiang Li%, Weiming He>$, Guojie Zhang"?%,

Xiaoming Zheng>*, Fumin Zhang?, Yingrui Li2, Chang Yu?, Karsten Kristiansen??, Xiuqing Zhang?, Jian Wang?,
Mark Wright!?, Susan McCouch!?, Rasmus Nielsen!*!!, Jun Wang?? & Wen Wang!

Rice is a staple crop that has undk ial ic and i i h during ication. Here we
resequenced the genomes of 40 cultivated accessions selected from the major groups of rice and 10 accessions of their wild
progenitors (Oryza rufipogon and Oryza nivara) to >15 x raw data ge. We i g ide variation patt in
rice and obtained 6.5 million high-quality single nucleotide poly hi (SNPs) after ing sites with missing data in

any ion. Using these ion SNP data, we identified thousands of genes with significantly lower diversity in cultivated
but not wild rice, which represent i regions selected during ion. Some of these variants are associated with
important biological features, whereas others have yet to be f ionally ch, ized. The molecular markers we have identified

should be valuable for breeding and for identifying agronomically important genes in rice.

Tanaka et al. 2020 Nature Biotech.

Whole-Genome Sequencing of the NARO World Rice Core
Collection (WRC) as the Basis for Diversity and

Association Studies

N. Tanaka', M. Shenton’, Y. Kawahara'?, M. Kumagaiz, H. Sakai? H. Kanamori', ). Yone 1 1 9
K. Sugimoto1, M. Ishimoto’, J. Wu' and K. Ebana>*

"Institute of Crop Science, National Agriculture and Food Research Organization, Tsukuba, Ibaraki, 305-8518 Japan
?Advanced Analysis Center, National Agriculture and Food Research Organization, Tsukuba Ibaraki, 305-8517, Japan
3Genetic Resources Center. Natlonal Agriculture and Food Research Organization, Plant Genetic Diversity Laboratory, Tsukuba, Ibaraki 305-8502, Japan
*Corresy - ToT mronnnTeen

(Receiv

Jianzhong Wu'" and Kaworu Ebana®*

"Institute of Crop Science, National Agriculture and Food Research Organization, Tsukuba, Ibaraki, 305-8518 Japan
2Advanced Analysis Center, National Agriculture and Food Research Organization, Tsukuba, Ibaraki, 305-8518 Japan
3Genetic Resources Center, National Agriculture and Food Research Organization, Tsukuba, Ibaraki, 305-8518 Japan
*Corresponding author: E-mail, ebana@affrc.go.jp; Fax, +81-29-838-7408.

(Received 14 August 2020; Accepted 22 September 2020)

Investigation of the Genetic Diversity of a Rice Core Collection
of Japanese Landraces using Whole-Genome Sequencing

Nobuhiro Tanaka', Matthew Shenton’, Yoshihiro Kawahara™?, Masahiko Kumagai?, Hiroaki Sakai?,
Hiroyuki Kanamori', Jun-ichi Yonemaru', Shinichi Fukuoka®, Kazuhiko Sugimoto1, Masao Ishimoto’,

Zhao et al. 2018 Nature Genetics

Pan-genome analysis highlights the extent of
genomic variation in cultivated and wild rice 63

Qiang Zhao', Qi Feng ©', Hengyun Lu', Yan Li', Ahong Wang', Qilin Tian', Qilin Zhan', Yiq
Lei Zhang', Tao Huang', Yongchun Wang', Danlin Fan', Yan Zhao', Ziqun Wang', Congcon
Jiaying Chen', Chuanrang Zhu', Wenjun Li', Qijun Weng', Qun Xu?, Zi-Xuan Wang', Xinghua Wei?,
Bin Han' and Xuehui Huang ®"3**

The rich genetic diversity in Oryza sativa and Oryza rufipogon serves as the main sources in rice breeding. Large-scale rese-
quencing has been undertaken to discover allelic variants in rice, but much of the information for genetic variation is often lost
by direct mappmg of short sequence reads onto the 0 sativa ji japomca Nlpponbare reference genome. Here we constructed a
ofthe O. sativa-0. rufip gh deep ing and de novo assembly of 66 diver-
gent accessions. Intergenomic comparisons |dent|ﬁed 23 million sequence variants in the rice genome. This catalog of sequence
variations includes many known quantitative trait nucleotides and will be helpful in pinpointing new causal variants that under-
lie complex tralts In particular, we systemically investigated the whole set of coding genes using this pan-genome data, which
led and ab of variation among rice i This p: resource will further promote
evolutionary and functlonal studies in rice.

Wang et al. 2018 Nature

Genomic variation in 3,010 di
accessions of Asian cultivated
3,010

Wensheng Wang"'7, Ramil Mauleon®"’ ZhlqwmgHu1 317 Dmytro Chebotarov?", Shuaishua
Tianqing Zheng"", Roven Rommel Fuentes?"” l~an Lh"my o Lm.e(lle Mansueto®'7, Dario Ca
Kevin Christian l’ahs‘, Jmnlong Xu">®, Chen Sun Binying Fu , Hongliang thmg Yongmi

Xiao Cui®, Hon;.,\u‘ chao Li?, Miaolin Chen’ JLffl’C\ Detras?, Yonthhuu‘ 0, Xinyuan Zhang®, Yl.ll. th‘ Dave Kudrna®,
Chunchao ng Rui L%, Ben Jn‘ vauzm Lu?, Xnmhan;, He?, Lhaotong Dong’ Jiabao Xu*, Yanhong Li*, Miao Wang®,
Jianxin Shi®, Jing Li®, Dabmg Zhang?, Seunghee Lee®, Wushu Hu*, Alexander Poliakov'!, Inna Dubchak!! 12 , Victor Jun Ulat?,
Frances Nikki B()rjzr’, John Robert Mendoza"?, Jauhar Ali?, Jing Li‘, Qiang Gao*, Yongchao Niu‘, Zhen Yue”,

Ma. Elizabeth B. Naredo?, Jayson Talag®, Xueqiang Wang’, Jinjie Li’, Xiaodong Fang®, Ye Yin*, Jean- Christophe Glaszmann'*'>,
Jianwei Zhang?®, Jiayang Li"'°, Ruaraidh Sackville Hamilton?, Rod A. Wing?%*, Jue Ruan®*, Gengyun Zhang*®*,

Chaochun Wei*!®*, Nickolai Alexandrov?*, Kenneth L. McNally?*, Zhikang Li"** & Hei Leung?

Here we analyse genetic variation, population structure and diversity among 3,010 diverse Asian cultivated rice (Oryza
sativaL.) genomes from the 3,000 Rice Genomes Project. Our results are consistent with the five major groups previously
recognized, but also suggest several unreported subpopulations that correlate with geographic location. We identified 29
million single nucleotide polymorphisms, 2.4 million small indels and over 90,000 structural variations that contribute to
within- and between-population variation. Using pan-genome analyses, we identified more than10,000 novel full-length

protein-coding genes and a high number of presence-absence variations. The plex patterns of introgression observed
in domestication genes are consistent with multiple independent rice domestication events. The public availability of
data from the 3,000 Rice Genomes Project provides ar for rice icsr h and breeding.

Number of varieties sequenced in the paper 24
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Collection & curation of resequence data

160

685 varieties from 44 literatures
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Standardized analysis pipeline

Our analysis pipeline for SNP & InDel detection is publicly available

-

rap-db £~ © o

Analysis workflow for genome-wide variations in TASUKE+ for RAP-DB (version 2.0)

The Rice Annotation Project Database

Documents

Genome Statistics

Genome-wide variations were detected using publicly available genome resequencing data for various rice varieties
and provided in the multiple genome browser TASUKE+. Here we provide the analysis workflow for the detection of

: 5 . was conceptualized in 2004
The Rice Annotation Project (RAP) (70" 0 bietion of the
Oryza sativa ssp. japonica cv. Nipponbare genome sequencing by the International Rice
variations. Genome Sequencing Project with the aim of providing the scientific community with an
accurate and timely annotation of the rice genome sequence. One of the major objectives of this
project is to facilitate a comprehensive analysis of the genome structure and function of rice on

Gene Statistics

cDNA-genome inconsistency

Gene nomenclature
the basis of the annotation.

History © More 0. rufipogon genes
GBrowse BLAST e
e 11/Mar/2022 Analysis workflow (version 2.0) and TASUKE+ with 685 rice varieties were released. EEE .. -...c o1 BLasT it
e 29/Aug/2019 Analysis workflow (version 1.0) and TASUKE+ with 533 rice varieties were released. and genes; Zfag‘;‘:;‘“”e"‘"“e Genome-wide variations
* 15/Nov/2017 TASUKE with 333 rice varigtiac wera ralascad ® T—
Analysis tools

ID Converter Keyword search

Reference data ¢ Java (JDK 1.8.0_191) Conver 10 btuen

¢ FastQC v0.11.8 rontiers in Plant Science
¢ Genome sequences [FASTA] « BWA (bwa v0.7.17) Search Advanced @FrontPlantSci

o New Research: Research Progress on Cloning
o IRGSP-1.0 genome (including organel e« SamTools (v1.9) and Function of Xa Genes Against Rice
Bacterial Blight: Bacterial blight (BB) of rice
« Gene annotation for snpEff [Annotation ¢ * BamTools (as of 4 Dec 2018) casedy Santromaras e ose
¢ GATK (v4.0.11.0)/GATK (v4.2.4.0) Amnsan onh Bl saeladiclos 2%
e Trimmomatic (v0.38)
o MSU (all genes in RGAP 7) o Picard (v2.18.17)
o Illumina adapter sequences attached wit * SnpEff (v5.0e)
e Chromosome information (chromosome_ ¢ TASUKE+ (version 20210831)

o RAP-DB (both representative and pre¢

Embed View on Twitter

$ cat chromosome_list.csv

@0, ASBT00RS), LEEIEEE, 1 7A%IT T Commands and parameters used in the workflow
chr02,35937250,13541821,13872411
chr03,36413819,19431743,19745569 1. Preprocessing of Illumina paired-end reads

chr04,35502694,9744480,9973218
$ java -jar trimmomatic-0.38.jar PE \

-phred33 read.rl.fastqg.gz read.r2.fastqg.gz \
read.pe.rl.fastq.gz read.se.rl.fastq.gz read.pe.r2.fastq.gz read.se.r2.fastq.gz \
ILLUMINACLIP:adapters.fa:2:30:10 LEADING:20 TRAILING:20 SLIDINGWINDOW:10:20 MINLEN:30

2. Making index of the genome

$ bwa index genome.fa

$ samtools faidx genome.fa

$ java -jar picard.jar CreateSequenceDictionary \
REFERENCE=genome.fa \
OUTPUT=genome.dict
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Genome-wide variation

among 685 rice varieties on TASUKE+ z NARO

B

TASUKE+ is a web-based genome browser that visualizes variation
and read depth data of genome resequencing data analysis

(T1A)
a s v 0

Rice 176 genome Drowsor with GIWAS

QSeach |[MVew~> OSergs~ Jlocsv DRt Qi >

d mareasae pot
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Genome-wide variation
among 685 rice varieties on TASUKE+
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e

Variations within the Hd16 locus. Koshihikari and some TEJ varieties
have a nonsynonymous mutations (Ala331Thr).

Whole genome tree
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Curation of known alleles and mutations ‘

tau Koshihikari
(C) gu Tn hihikar

the plant journal SEB (a)

Society for
Experimental Biology

RM2593
RM1038

Chr3 H. sapiens GTi
The Plant Journal (2013) 76, 36-46 doi: 10.1111/tpj.12268 1 1l | | | | LW M. auratus GTi
. . L. . | 1 | | | | 1 M. musculus GTi
Hd16, a gene for casein kinase |, is involved in the control of ) ' ppse il
rice flowering time by modulating the day-length response o idgg g 0. sativa (Ha16) [l
% % %I % (% No. of recs d
Kiyosumi Hori", Eri Ogiso-Tanaka', Kazuki Matsubara*, Utako Yamanouchi, Kaworu Ebana and Masahiro Yano* ‘ 19 ’1 2 ’ 10 ‘ (n=2918) ( ) 100 CJ)SD mm LD
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an alanine amino acid in Nipponbare *ostinkari 121 22 23 Nipponbare
(b) ATG TGA (VC)
changed to a threonine amino acid in OO0 O
o] . 7,397 b
Koshihikari. " A e
ipponbare G > Alanine
Koshihikari A ——> Threonine
One non-synonymous substitution in ~—1~
Hd16 resulted in decreased photoperiod e
sen5|t|V|ty In rice. i
Known functional alleles & mutations v
Nipponbare Koshihikari Natural g.33002789G  p.Ala331Thr low photoperiod Hori K et al. Plant J, 76(1):36-
variation >A sensitivity 46 (2013)[PubMed]
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Known functional alleles & mutations

We’'re collecting known functional alleles from literatures

irradiated-with-320-MeV-carbon-ions
Anther-culture-line-of-autotetrapolyploid-rice

Gamma-ray-mutant

CRISPR/Cas9-mutant Carbon-ion-beam-mutant

Tos17-insertion-mutant
Sodium-Azide-mutant Anther-culture-line
spontaneous-mutan )
DaiZ7-transposon-insertion-mutant  Ds-gene-trap N-Methyl-N-nitrosourea-mutant

Natural-variation Related traits

Spontaneous-mutation

nDart1-tagged-mutants EMS—mutant Cobalt-gamma-ray- thick-culm increased-number-of-spikelets-per-panicle °
Anther-culture-of-autotetraploid-rice ~ Overexpression-plants ©

nDart1-insertion-mutant

short-stem .
tfagleaf lAFGgE-grain

sensitive-to-salinity-stress Short-g rain

Unknown N iNU-mutant nDart1-0-insertion-mutant low-plant-growth low-seed-setting-rate

Tissue-culture-induced-mutation high-culm-strength |OW-amy|OSG-Content short-root
RNAl-transgenlc-pIants hybrid-incompatibility delayed-seed-germination

T-DNA-insertion-mutant short-culm dwarf floury-grain  abnormal-granule-morphology

u small-panicle

. . shrunk-‘and-short stamenS m a I I g ra I n tormode
Types of variations e "SR e

dense-panlcle i - . ., delayed-plant-growth
low AIN-WEIGNT jarge-fiag-leaf-angle
' long-panicle
high-1000-grain-weight short-leaf-sheath

increased-number-of-grains-per-panicle

enhanced-tolerance-to-dro ug ht-stress

fertility-restoration  high-Cd-content-in-shoot-and-grain
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Demo:
Viewing genome-wide variation on TASUKE+
and known functional alleles/mutations in RAP-DB
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Agronomically important genes

365 agronomically important rice genes are listed.

rap-do£ o

The Rice Annotation Project Database Home

Home * Documents * Agronomically important genes

Agronomically important genes

Filter: |Grain size 3 ]
Locus ID ~ Transcript ID o~ Gene symbols oA~ Gene names A~
0s03g0407400 0Os03t0407400-01  LK3,GS3,lk3(t), LONG KERNEL 3,

Ik3(t)*, SG3, GS3, grain size 3
SG3-GS3, OsGWS3,

0sGS3,

RGG3/GS3/Mi/0sGG

C1, RGG3, Mi,

0sGGC1, GGC1,

0sSYL3, SYL3

Keywords

Trait Ontology a~

TO:0000146 - seed
length

TO:0000397 - grain i

size

TO:0000402 - grail
width

T0O:0000590 - grai
weight
TO:0000391 - seed
size

TO:0002730 - grain
shape

TO:0000162 - seed
quality
TO:0000396 - grain
yield

TO:0000734 - grain
length

TO:0000040 -
panicle length
TO:0000207 - plant
height

TO:0002731 - grain
length to width ratio
TO:0000382 -
1000-seed weight
TO:0000137 - days
to heading

Publicat

Genome Statistics

Gene Statistics

cDNA-genome inconsistency

Gene nomenclature

0. rufipogon genes

Agri. Genes

enome-wide variations

Appl Genet,
112(6):1164-71
(2006)[PubMed]
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TASUKE+, known functional alleles & A
7z NARO

mutations in the “Diversity” section

Description Os03t0407400-01 Oct. 5, 2017
Gene Symbol(s)
Gene Name(s)

Position Protein with plant-specific organ size regulation (OSR) domain, transmembrane region,
Locus TNFR/NGFR family cysteine-rich domain and VWFC module, Regulator of grain size and organ size

Gene ontology
Functional domain GS3

Transcript evidence

Protein evidence grain size 3
Literature {
Expression (TENOR)

Diversity

chr03:1672¢
v ryzabase

. Genome-wide variation data
KEGG

quence e TASUKE+ for RAP-DB (685 varieties)
0503904074 e TASUKE+ for NARO Genebank core collection
e TASUKE+ for RAP-DB (old, 533 varieties)

Known functional alleles & mutations

Biological Pri

Molecular B Nipponbare, Minghui 63, Natural g.16733441C p.Cys55* long grain Takano-Kai N et

Cellular Com Zhenshan  Jefferson, variation >A al. Genetics,
— 97, IR24, 182(4):1323-34

o (2009)
Asominori  AIS22 [PubMed]

Mao H et al.
Proc Natl Acad
SciUSA,
107(45):19579-
84 (2010)
[PubMed]

Fan C et al.
Theor Appl
Genet,
112(6):1164-71

[Pubiea) 33




TASUKE+
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TASUKE+
Sorted by the pattern of variations at the GS3 locus
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TASUKE+ for RAP-DB  Genome-wide variations for 685 rice varieties
Q Search [l View~ & Settingsv ,*Tools » 'O Reset ©Help~

IRGSP-1.0 oS G
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We’'re collecting known functional alleles from literatures

Known functional alleles & mutations

TASUKE+ for RAP-DB  Gepamecousaioaanttas
Q Search [l View v & Settin i
SEARCH
@ B Seed Seed Seeds i
GS3allele length width measured

(mm+SD) (mm+SD)

A-allele 8.29+0.41 2.71+0.18 32

Ds03t0407400-01
Jefferson

C-allele 8.04+0.34 2.98+0.13 35
O. rufipogon

IR24 A-allele 9.14+0.37 2.62+0.05 10

C-allele 7.56+0.19 3.25+0.09 10

A-allele 8.51+0.13 3.1110.08 10

Transgenic

C-allele 7.19+0.11 3.16+0.05 70
(T1)

:a
SnpEffl IMODIFER Low

; DEPTH=NA
H —_———
i [varFit Q220 DP=22

Takano-Kai et al. 2009 ;' R (=)
o Stop galned

("High" impact) = - ;
c.165C>A
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Take-home messages

SRS

&

RAP-DB ...

is the only primary database for rice that continues to
update gene annotation data by manual curation.

provides gene expression profiles under >500 experimental
conditions. Currently, TENOR, RiceXPro and RiceFREND are
partially integrated into RAP-DB.

provides genome-wide variations among >600 rice varieties
through TASUKE+.

provides the list of 365 agronomically important rice genes
and 762 known functional alleles/mutations on the genes.
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Information about RAP-DB and rice genes@

* Literature information about rice genes
 Maintenance and update information of

Frontiers in Plant Science

New Research: OsAPX1 Positively Contributes to Rice Blast Resistance:

Ascorbate peroxidases (APXs) maintain cellular reactive oxygen spemes

(ROS) homeostasis through thelr peroxidase actlwty Here, w

OsAPX1 also... frontiers ence RAP-DB
The list of "Agronomically |mportant genes" has been updated
(Documents > Agri. Genes).

The Rice Annotation Project Database (RAP-DB) provic

rice reference genome and its annotation.
: E RAP-DB

In addition, we have started providing known functional alleles and
mutations for the agronomically important genes in RAP-DB beta. See the
"Dlver5|ty" section of transcnpt annotation pages.

Frontiers in Plant Science

New Research: LUX ARRHYTHMO Interacts With ELF3a and |

Coordinate Vegetative Growth and Photoperiodic Flowering il RAP-DB

evening complex (EC) plays a crltlcal role in photoperiod flow Genome-wide variation data among 685 rice varieties is available in the
Arabldop5|s Nevertheless,.. rg / : Iatest version of TASUKE+ (Browser > TASUKE+ (685 varieties).

Transcriptome information previously provided from TENOR, RiceXPro
and RiceFREND has been integrated into RAP-DB beta. See the
"Expression (TENOR) ", "Expression (RlceXpro)" and "CoExp Network"
section in RAP-DB beta g nscript/?na

@rapdbjp (#RAPDB)

rapdb@ml.affrc.go.jp 38



