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Abstract 

As a major food crop and model organism, rice has been mostly studied with the largest number of functionally 
characterized genes among all crops. We previously built the funRiceGenes database including ~ 2800 functionally 
characterized rice genes and ~ 5000 members of different gene families. Since being published, the funRiceGenes 
database has been accessed by more than 54,400 users with over 540,000 pageviews. The funRiceGenes database has 
been continuously updated with newly cloned rice genes and newly published literature, based on the progress of 
rice functional genomics studies. Up to Nov 2021, ~ 4100 functionally characterized rice genes and ~ 6000 members 
of different gene families were collected in funRiceGenes, accounting for 22.3% of the 39,045 annotated protein-
coding genes in the rice genome. Here, we summarized the update of the funRiceGenes database with new data and 
new features in the last 5 years.
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Background
Rice (Oryza sativa) is a major food crop for almost half 
of the world population. Identification of functional 
genes governing the phenotypes of complex agronomic 
traits in rice is crucial to safeguard the world’s food secu-
rity. Rice is also a model organism for plant genomics 
researches, benefiting from its small genome size with 
accurate genome sequence and a great number of molec-
ular markers, as well as the availability of high-efficiency 
transgenic systems. Most studies on the functions of rice 
genes can be directly applied to homologous genes in 
other cereals and crops. Accordingly, it is important for 
functional studies and genetic improvement of rice and 
other crops to collect and build a detailed archive of all 

functionally characterized rice genes. We previously con-
structed funRiceGenes, a database that provides the most 
detailed information of ~ 2800 functionally character-
ized rice genes (Yao et al. 2017). The data of funRiceGe-
nes database was collected by integrating data extracted 
from published literature on rice functional genomics 
deposited in PubMed, the Rice Genome Annotation Pro-
ject database (Kawahara et al. 2013), the China Rice Data 
Center (https://​www.​riced​ata.​cn/) and the Oryzabase 
database (Yamazaki et al. 2010). Since being released, this 
database has been continuously updated based on the lat-
est research progress in rice. Up to November 2021, over 
4100 functionally characterized rice genes and more than 
6000 gene family members were collected in the fun-
RiceGenes database, providing an important resource 
for functional genomics research and molecular marker-
assisted breeding in rice. In addition, new features were 
developed for better user experiences and deeper utiliza-
tion of the funRiceGenes database.
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Results
Application of the FunRiceGenes Database in Rice 
and Other Crops
Since being published in December 2017, the funRiceGe-
nes database has been visited by more than 54,400 
users, with more than 142,000 sessions and over 540,000 
pageviews (Fig. 1) (Yao et al. 2017). The daily number of 
users and pageviews of the funRiceGenes database were 
steadily rising in the last 5 years. An average of 3–4 pages 
was accessed per session. In 2021, the funRiceGenes data-
base was visited by an average of 1917 users per month, 
with a maximum of 2519 user visits in July. We observed 
two significant peaks in the daily pageviews of the fun-
RiceGenes database on December 11, 2017 and February 

14, 2018, corresponding to the advance online date and 
formal publishing date of our previous publication in 
GigaScience (Fig. 1) (Yao et al. 2017). We also observed 
other significant peaks, which were probably caused by 
high-impact publications citing the funRiceGenes data-
base or advertisement of funRiceGenes in plenary talks 
of prominent experts in the rice community (Wing et al. 
2018; Li et  al. 2021). The top three most visited pages 
were the GENE, FAMS and DOCS pages of https://​funri​
cegen​es.​github.​io/, which listed all the genes, gene fami-
lies, published papers deposited in the funRiceGenes 
database, respectively. Apart from the three pages, the 
top 10 most visited pages were OsPht1, OsHKT1, IPA1, 
ZYGO1, Gn1a, OsWRKY45, ERF, WRKY, OsTIR1, SD1. 

Country Users  % Users
1. China 15,586 27.97%

2. United States 7,215 12.95%

3. India 6,441 11.56%

4. Japan 5,443 9.77%

5. South Korea 3,229 5.80%

6.

7.

United Kingdom 1,709 3.07%

8.

Germany 1,352 2.43%

9.

France 966 1.73%

Thailand 919 1.65%

Users
54,426

New Users
55,648

Sessions
142,369

Number of Sessions per User
2.62

Pageviews
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Fig. 1  Statistics of the funRiceGenes database visits reported by Google Analytics. The top panel displays the daily user visits and pageviews of 
the funRiceGenes database from Mar 27 2017 to Feb 24 2022. The middle panel lists the total user visits, pageviews, and other statistics in the last 
5 years. The bottom panel shows the proportion of user visits from different countries in the last 5 years

https://funricegenes.github.io/
https://funricegenes.github.io/
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The pages of ERF and WRKY itemize all the members of 
the ERF and WRKY gene families, while the other eight 
pages record the detailed information of eight notable 
genes in rice (Rice Wrky Working Group 2012; Nakano 
et al. 2006). Ideal Plant Architecture 1 (IPA1) is the first 
gene identified in rice that can promote yield and dis-
ease resistance at the same time by maintaining the bal-
ance between growth and disease resistance (Wang et al. 
2018). Most of the sessions were from countries includ-
ing China, the United States, India, Japan, and South 
Korea. To be noted, users from China, India, Japan, and 
South Korea accounted for more than 50% of all acces-
sions, consistent with the reality that rice is the main 
food in Asia. Nevertheless, visits from the United States 
accounted for 13.3% of all accessions, ranking second 
among all countries. An in-depth investigation revealed 
that the funRiceGenes database was frequently visited by 
several cities including Beijing, New Delhi, Hangzhou, 
Wuhan, Seoul, and Shanghai, which was probably attrib-
uted to well-known rice research institutions located 
in these cities, including the Institute of Genetics and 
Developmental Biology in Chinese Academy of Sciences 
in Beijing; the China National Rice Research Institute in 
Hangzhou; the National Key Laboratory of Crop Genetic 
Improvement in Huazhong Agricultural University in 
Wuhan; the Institute of Plant Physiology and Ecology in 
Chinese Academy of Sciences in Shanghai, etc.

As of February 2022, the funRiceGenes database and 
the corresponding publication in GigaScience have been 
cited by 102 times (Yao et  al. 2017). funRiceGenes pro-
vides the most accurate number of functionally charac-
terized rice genes, which was referenced by many studies 
(Wing et al. 2018; Yang et al. 2020). The datasets in fun-
RiceGenes were utilized to train models in bioinformatics 
studies (Gupta et al. 2021). The information of more than 
4100 genes collected in funRiceGenes was frequently 
utilized to annotate the functions of gene sets obtained 
in many studies in rice (Kim et al. 2020; Qin et al. 2021; 
Zhang et al. 2021). Furthermore, the funRiceGenes data-
base was also used to disclose the potential functions of 
homologous genes in non-model plants including wheat, 
rye, sorghum, barley and pacaya palm (Hosni et al. 2021; 
Pang et al. 2020; Li et al. 2021; Wittern et al. 2021; Dhaka 
et al. 2020; Wang et al. 2021).

Features Update of the FunRiceGenes Database
A static website (https://​funri​cegen​es.​github.​io/) was 
developed for browsing and searching functional rice 
genes deposited in funRiceGenes. Eight menus were 
deployed in the static website, including HOME, GENE, 
FAMS, KEYS, NEWS, DOCS, CITE, and LINK. The sym-
bols of more than 4100 functionally characterized rice 
genes are listed in the GENE menu. Detailed information 

of a gene can be viewed by clicking on the correspond-
ing gene symbol, including published articles related to 
the gene, MSU and RAPdb genomic locus of the gene 
(Kawahara et al. 2013; Sakai et al. 2013), GenBank acces-
sion number, key information on the function of the 
gene, and information of related genes. The information 
of more than 6000 gene family members was recorded 
in the FAMS menu. Information of all members and 
related publications can be viewed by clicking the name 
of a specific gene family. Based on the published litera-
ture, we extracted more than 400 commonly used key-
words concerning various functions of rice genes. All the 
keywords and the genes related to each keyword can be 
viewed in the KEYS menu, allowing rapid identification 
of all the functionally characterized genes related to a 
specific agronomic trait or keyword. The detailed updat-
ing records of the funRiceGenes database since being 
released in 2014 can be found in the NEWS menu. More 
than 7000 literatures on rice functional genomics stud-
ies are listed in the DOCS menu. To promote the usage 
of funRiceGenes, publications citing the funRiceGenes 
database are listed in the CITE menu. The LINK menu 
provides links to some useful plant databases and bioin-
formatics applications. Finally, key information includ-
ing gene list, gene family list, keywords list, and other 
datasets collected in funRiceGenes can be downloaded 
from the HOME page of the database. To further facili-
tate the convenient usage of the static website, in-site 
searching was enabled with the help of Google and Bing, 
which were placed on the HOME page of the static web-
site. Moreover, we utilized Bioschemas to install 590 key-
words related to rice functional genomics in the metadata 
of the static website, aiming to facilitate the findability of 
the website by search engines (Michel 2018). Real-time 
visitor statistics of the static website since Oct 29 2021 
recorded by RevolverMaps (https://​www.​revol​verma​ps.​
com/) is also displayed on the HOME page.

We further developed an R/Shiny web application 
for interactive queries of the funRiceGenes database 
in the previous study (Jia et  al. 2021; Yao et  al. 2017). 
The URL of the interactive web application was moved 
from http://​funri​cegen​es.​ncpgr.​cn/ to https://​venyao.​
xyz/​funRi​ceGen​es/. In addition to query by gene sym-
bols or keywords, the web application can be searched 
by the MSU or RAPdb genomic locus. In this study, we 
developed a new functionality under the ‘Download’ 
menu of the web application, which can be utilized to 
batch retrieve data from the funRiceGenes database by 
multiple user-input MSU or RAPdb genomic loci, or 
a user-input genomic region. The IDConversion func-
tionality of the web application can be used to perform 
the conversion between MSU and RAPdb genomic 
locus, as well as the identification of orthologous genes 

https://funricegenes.github.io/
https://www.revolvermaps.com/
https://www.revolvermaps.com/
http://funricegenes.ncpgr.cn/
https://venyao.xyz/funRiceGenes/
https://venyao.xyz/funRiceGenes/
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between indica and japonica rice. To enable searching 
of the genic sequences, CDS, or protein sequences of 
all collected functional genes by sequence similarity, 
a BLAST interface was deployed in the web applica-
tion, in this study. To further expand the application 
of the datasets collected in funRiceGenes, we devel-
oped a new feature under the ‘Annotation’ menu of the 
web application for functional annotation of gene sets 
obtained in experimental or high-throughput studies 
in rice. For an input gene set, a word cloud would be 

created utilizing key messages on the functions of input 
genes deposited in funRiceGenes.

Data Update of the FunRiceGenes Database
Since being published in December 2017, the funRiceGe-
nes database has grown by the addition of over 1300 
newly cloned rice genes. More than 1950 published lit-
erature on these genes was deposited in funRiceGenes 
(Fig. 2A). It was found that the keywords including pro-
tein, grain, development, stress, genes, and tolerance 

Fig. 2  Overview of the literature on functional rice genes published in the last 5 years. A The number of published papers on rice functional 
genomics in each year. B A word cloud of all the abstracts of published papers on rice functional genomics since 2017. C A word cloud of all the 
titles of published papers on rice functional genomics since 2017
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were enriched in the titles of these literature (Fig.  2B). 
Similarly, the keywords including grain, protein, mutant, 
expression, genes, growth, and tolerance were most fre-
quently used in the abstracts of these literature (Fig. 2C). 

These enriched keywords represent the research focuses 
on rice functional genomics studies in recent years. 
Among the ~ 4100 genes collected in the funRiceGenes 
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OsCATA
OsBip1
OsbHLH59|OsbHLH059|OsPRI3
OsSPP1
OsGLR3.2
OsUgp2|Ugp2
OsATG5
OsACTPK1
TDR
OsRacB
OsGluRS|Cde1(t)
OsCSP1
OsCYP2|OsCyp2−P|LRT2
cdc2Os−2|CDKA2
OsBI−1
OsCYCP4;3
OsLIL3
OsCPK4
Nrat1
OsSGL
OsTEF1
OsLASPO
OsMPK13|OsBIMK2
OsGBP
OsNLP6
S22B_j
OsHAC703
RGG2
OsPHR3
OsSPL3
OsCNX6
CAP1
OsSF3B1|SF3B1
OseIF4A
OsCCT03
OsMAPK33|OsMAPK3
OsPP18|OsPP2C10
OsDHSRP1
OsLKP2
OsRBCS1
LC2|OsVIL3
YL1|YS83
LRK2
LRK1
OsHAC4
OsCBSSIS1
rubq2|Ubiqutin2
LowAC1
OsCAND1
OsPgk2
OsAGO17
OsMADS29
OsSPL4
OsHKT1;3
OsANTH3
Os4CL3
OsmiR156d
OsWRKY71
LEPTO1|OsRR24|DLC1
APIP10
OsCYP71D8L
MTD1
GH2|OsCAD2
beta−OsLCY|OsLCY
NBS−Str1
OsbZIP16
OsRLK2|OsNFR5
OsCS1
OsSRK
OsLOX5
ZFP185
OsHMA4
OsAGAP
OsRPT4
OsWR1
OsSPX2
OsBT1−1|OsBT1
OsbZIP18
RLS1
SRZ1
CYP734A2
TMS5
OsPLL3
ONAC023
HDA710
OsGIRL1
OsPP2A−3
OsAOS3|OsHPL2
OsAOS4|OsHPL1
OsGPI8
Cga1
Os1900|CYP711A5
OsO3L3
OsTMT2
HEI10
OsNIP1;1
FUWA
Docs1
OsGSK3
OsPrx30
GW2|OsGW2
OsUBP15|LG1
PEPC−1
OsKAT3
GluB6
GluD
GluB−1
GTE4|OsGTE4
BS1|DR
RPBF|OsDof3
DCW11
OsHARP
OsSPCH2
ASL2
EP3|LP
OsUBC5b
RITA1
GluB5
GluB4
OsYUC12
Rf2
MFP|AIM1
OsGMST1
OsVTE1
OsCPS|OsCPS1
HIS1
OsPKG
OsSERK4|TMS10
OsUbDKgamma4
OsPOP5
RMS2|OsGELP34
OsCBL8
OsFDML1
OsSWEET4
OsNAAT2
OsDi19−4
OsNAAT1
OsSNI1
OsAPI5
ROX2
FOS1
NIGT1
OsGAP1
OsPKIWI|PKIWI502
OsGT61−1|XAX1
OsSNAP32
TAC4
OsLecRK−S.7|OsLecRK5|OsDAF1
OsWRKY42|WRKY42
OsIAA−At
OsARP|OsCTP
MAK3
OsAP19
D50
OsXrn4−L
ODCb
OsMaT−2
OsMaT−1
OsMaT−3
OsPUB73
OsMTR1
rFKBP75
OsRALyase
OsExo70−F2
OsALS
OsGRX8
OsPBL1
OsSWEET15
OsGDPD2
CFL1
LARGE1|OML4
OsBON1
OsTudor−SN
OsIPK2|IPK2|IP6K|ES2
OsClpD1
OsHSFA3
OsCTR2
OsBEIIb|OsSBEIIb
OsPDR2
OsNIN3
OsPARP3
RCN2
OsGLP2−1
OsCIN1
OsRAR1
ACL2
OsE2F1
BAS1|OsTPX|OsPRX2
LAS|TSV2
GRY79
Asr3|OsASR3
OsZOU−2
DMD1
OsCYT−INV1|SRT5
SAPK6|OSRK1
XIK1
OsAPx8
SDG725
GH1
OsIAN1
OsRR2
OsCLC−2
OPR8
EL5
EL5.2
EL5.3
EL5.4
EL5.5
EL5.6
XRCC3
OsGLYR1
OsWSL4
CPT1
CYP76M8
CYP76M7
OsDTC1|OsKS3
OsCPS2|OsCyc2
OsKSL5
CYP76M6
OsCRY1a
OsABC1−2
OsSUT5|OsSUT5Z
OsNAPL6
OMTN1
OsMADS27
OsFWL2
OsGF14e|GF14e|GID2
OsFLU2
OsOSD1
OsPMS1
OsPHT2;1
OsNAR2.1
LSSR1
OsG6PDH1
OsGAPDH1
OsMSRPK1|Orysa;CDKG;1
OsHDS
OsDG2
RSS1
OsNIC
OsCOL4
OsSAMDC2
SDG736|OsSET9
OsNST1|BC14
BBM2
LP2
MER3|RCK
OsGrx_C2.1
OsPRR1
OsMPS
OsAMT1;3|OsAMT1.3
OsAMT1;2|OsAMT1.2
OsCER1|OsGL1−4
HWH1|hwh1
hbd2|OsCKI1
OsMYB30|OsMYB5P
OsCRY2|CRY2
OsPAL
OsPAL2;3
PAL|OsPAL4|OsPAL1
CNGC
ARF8
OsUBL5
OsPIP2;2
OsPSKR1
OsDEF7|CAL1|OsAFP1
OsWee1
OsWAK14
OsRPA2b
OsCLP3
OsNIT2
OsNIT1
OsLMS
SIT1
OsPLIM2a
OsMYB38
OsREM1.4
OsSHOC1
OsYABBY4|TOB2
OsVPE3|REP−2
OsGrx10
OS−ALDH
OsHOX24
OsYSL2
OsYSL15
CTD2
OsGDH3
OsCYCP4;2
AP59|OsBIERF3|OsAP59
OsSta2
OsCERK
OsDREB4−1|CR223
ARAG1
OsNAGK2|NAGK2
OsTPP1
OsINP1
RCc3
OsSCL6−IIb
OsSCL6−IIa
OsGpx3|GPX3|OsGPx03
OsSP1
OsPIP1;1|RWC1
OsGGPPS2|OsGRP
OsDhn1|OsLip9
MAIF1
SID1|OsIDD4
OsAGO1a
OsMTA2
OsALMT7
Roc5|oul1
OsDREB1G
OsSPX−MFS2
OsGRF10
OsIspF
OsMADS6|MFO1|AFG1
DHS
RAV6
OsMyb1R|LHY−like_chr.2|CMYB1
OsKANADI1|OsKANADI2
Os4CL2
OsPrk
OsNPF7.2
OsAOX1c|AOX1c
OsPUT1
OsBRXL1
GS2|OsGRF4|GL2|GLW2|LGS1
OSOTP51
OsABA8ox1
OsNCED1|OsCCD4a
OsBLR1|OsbHLH079
OsMDHAR4
OsDOF11
GAT1
ADL1|OsDEK1
OsMIZ1
OsNMCP1
ECK1
NTRB
HMGRI
OsFAD2|OsFAD2−1
SRWD2
DTH2|OsCOL9|OsCCT08
OsHAP3E
OsNF−YB1
OsbHLH034
ALDH2a|OsALDH2B5
OsMADS57
Ghd2|OsK
OsGH9B1
OsSYL2
OsGS|OsGS1|GS1|OsGS1;1|OsGLN1;1
OsRDR1
OsDHODH1
OsCKT1|OHK5|OsHk6
BC3|OsDRP2B
OsMMP1
OsTPR
OsBIRF1
OsPIN1|REH1|PIN1b|OsPIN1b
DSM1
SSIIB
LYL1|OsChlP|OsGGR
Lsi1|OsNIP2;1|OsLsi1
OsCUL3a
PGL2|OsBUL1|OsbHLH173
OsSK1
OsLAC10
OsANN1
OM64
OsTSD2|OsQUA2
OsPHI−1
OsPABN1
OsRING−1|OsATL38
OsAFB4
OsSKIPa
OsFKBP12
OsMADS22
KRP1
SGL1
TGW2
Amy1C
AmyI−1|RAmy1A
OsbZIP23
FLS
SDRLK−59
OsPPa6
OsNIA1|OsNia1|OsNR2
COP1|PPS|OsCOP1
OsPFA−DSP2
OsACO3
Gns1
MTP8.2
K16
CTMyb1|OsTRFL1
OsRPA1a
OsGRF1|rhd1
OsER2
OsEREBP1
DES4
OsLKR|SDH
OsMKK4|LARGE11
HDR1
OsNCA1b
OsPP2C27
OsSGO1
OVP3
OsMGD|OsMGD2
OsmiR396c
RNRL2
OsIAA9
OsPCNA|PCNA
OsbHLH107
OsCCR1
OsSEC24
OsPHO1;2
STD1
BLS1|BSG1|OsG1L6|TH1|AFD1
OsGR2|RGRC2
OsGL1−6
FDH
OsNDUFA9|FLO13
osmyoXIB
KOB1
OsIAA10
Osl57
RTBP1
CYP97A4
OsCBSX3
OsDHHC1|OsPAT15
OsLpa1
DH1
PTC2
ETR3
OsNAC78
RWC3|OsPIP1;3
OsSUT4
OsRPA2|OsRPA32−1
OsRR3
OsAGO1c
PLA2−I
GnT1
OsRacD|OsRac5

OsG
OsA8
HPA1
SDRP
Ltp1
qLTG3−1
PAIR1
Orys1
Lsi2|OsLsi2
EL2
OsSEX4
OsACR2.2
OsBIRH1|TCD33
OSHB1|LF1
OsDRM2
LTP2|nsLTP2
Ehd4
OsF5HL2
TK
OsPEX11−1
HYR
cdc2Os−1|CDKA1
CRR1
RIM1|ONAC054
OsDCL1a
OsF3H
OsMADS50|OsSOC1|DTH3
OsCCS52A|TAD|TE
KNAT7
DSM2
OsSWN5
OsCDPK1|OsCDPK13|OsCDPK11|OsCPK11|OsCDPK12
OsPIG−F|PIG−F
GADPH|OsGAPB
OsDEF8
OsNLP1
OsCATC|noe1
OsDSK2a
OscpSRP43|PGL3
EXPLA1
OsBSK1−1
chi11|OsCHI11
ONAC022
CEBiP|OsCEBiP
OsACS
RAI1
Ossmt2−1
OsPht1;7|OsPT7
OsACO1
CYP96B5|WSL5
OsCYP96B4|BSH1|SD37
OsDSS1
OsMRP5
OsSDD1
LPL2
MEICA1
OsGATA10
OsPAO
OsIPS1
Z3
OsMTA3
CRL1|ARL1
OsAP23
OsPht1;12|OsPT12
OsPht1;1|OsPT1
OsPht1;2|OsPT2
Se14
OsCDC48
TCD3
AUMO1
OsZNL
OsMCA1|PAD|OsDMT1
OsNBL3
OsEDR1|OsACDR1|OsMAPKKK1|SPL3
OsARD|OsARD2
OsHSFA2d|OsHSF7
OsFMO|OsCOW1|NAL7
OsGR1
TOP3&alpha
OsBLH6
OsBGal1
OsCCR4b
OsRMR1
DPW
FLO10
CYP704B2
OsGERLP
RPE
OsDof12|OsCDF1
OsDof12os
WSL9
OsRLCK102
OsSUT1
PGL1
OsFBK12
OsbHLH153
BG1
OsTTLL12
GUDK
OsLOX2
OsPAA1
OsJAZ9|OsTIFY11a
OsJAZ10
ONI1
OsEBP−89|OsEBP89
OsRAF|OsLG3|OsSTAP1
OsBP−73
OsBIERF4
OsPDS
OsORC2
OsMDP1
OsAP25
OsAFB6|OsAFB5
OsPUP1
OsMATE1
OsbHLH96
OsRab6a
OsBIPP2C1
OsINO1−1|OsINO1
OsALD1
OsIDD1
HOX12|Oshox12
NAL21
HTD2|D88|D14
SPL35
CK2alpha3
GOT1B|GLUP2
OsGAUT21
Os3BGlu6
OsRPA1|OsRPA70b
MODD
DL
OsLG3b|OsMADS1|LHS1|AFO
OsPPR676|OsATP4
OsFRDL1
OsMST4
OsCSD3
WSL4|CUT1L|HMS1
SDRLK−9
GLN1;2|GS1;2|OsGS1;2
OsRR21
OsMKK10−2|MPKK10.2
SDS|OsSDS
OsWAK25
OsAOS2|AOS
OsMTP8.1
OsCMT3b
OsDWARF4|CYP90B2
OsBRR1
GS3.1
OsSRO1c|BOC1
DSM3|OsITPK2
TUD1|DSG1|ELF1
OsMYR1
UBQ
POXN|prx38
NRT1|OsNRT1|OsNRT1.1
GAD3
OsAPC6
OsDMAS1
LPA1
OsTITANIA
OsUPS|OsPUB41
OsPE
OsRAD17
OsACBP5
SCB3
Oshsp26
OsClp−T
Sc
OsACR9
OsEno2
OsHAP5C
OsWAG
OsMADS72|qSTL3
OspPLAIIIalpha
ASPR2|OsTPR2
OsATG6b
OsHrd3
LAR
UbL402
PLA2−II
GLUP6|GEF
OsNSP2
OsSTRL2
OASA2
PLS2
OsCOI2
OsEno3
OsHsp18.0−CI|Oshsp18.0|OsMSR3
OsHSP17.7
OsPP1c
OsDGD2...
OsVTC1−3|OsMPG3
OsSDIR1
OsRLCK107
OsGDI3
OsDUF26|OsCRRSP55
UXS
osECA1
Rcn1|OsABCG5
OsGSTL2
OsCCT11|OsPRR73
OsTOP6A3
OsAPX1|APXa
OsMSRMK2|OsMAP1|OsMPK5
OsRCI2−5|NA|NA
OsMTI−1b
OsSnRK1C
OsFAD7
OsASN1|OsAS1
OsERdj3A
OsPDC2
OsETOL1
OsTDF1
MIT
OsPYL6
OsSCAR2
OsAGD2
OsXXT1
JIOsPR10|OsPR10
OsBC1L1
OsPEX11
OsHIRP1
SSD1
OsP1
OsASL1
OsCP12
OsNAS2
OsNAS1
OsiEZ1|OsSET1|SDG718
OsClpP5
SRL2|AVB|NRL2|NRL3
PHYB|OsphyB
OsPME1
OsNIN1
Osmyb2
OsGolS1
OsG6PDH5
OsbZIP28|OsbZIP1
OsCam1−1
OsCK1|OsCIPK31|CIPK03
v2
OsWRKY55|WRKY55a|WRKY55b
OsLEA3−2
OsCHLH
OsEIL1|MHZ6
WOX6
Osr40c1
OsNAP
OsSPK1
OsGLU1|OsGH9A1
OsPHR1|PHR1
CS3
CYP714B2
OsGLYII2
DRUS1|FLR1
RF2b|OsbZIP30
OsHAK8
OsSUS4
OsFUG1
OsClp5
OsRad9
OsSIN|ACE1
OsCW−ZF3
WIN1
OsSRFP1|SDEL2
OsP|OsBBX9
OsDVR
SodCc7|OsSOD1|OsCSD4
OsNug2
OsINO80
OsDIS1
VLN2
OsIPT2
OsPHGPX
OsMSR1
OsBBS1|OsRLCK109|LMM24
OsCBK
OsHsfB4d
OsLTPL36
OsNPSN12
OsIRO3|OsOsbHLH063
OsLTPL1
SRWD5
OsTT1|OsPAB1
OsDAHPS1|DAHPS1
SAPK1|OsSAPK1
OsbHLH138
OsMATL
OsHO2|HO2|OsYLC2
OsJAZ6
OsSPX5
EF−1beta2
GS3
OsNSP1
Osmyb3|SG3
OsELS2
OsELF4b
OsHAP2E
VYL|NAL9
ACR7
OsHCF222
BC1
GL3.2
RCH10
Awn3−1
SLG7−L1|SLG7−like1
SDRLP−8
OsAL1
OsXDH
OsPPDKA
OsSHR2
OsDRZ1
BSR−D1|ZFP36
D14L
OsAOC
OsI−BAK1
Os−LBD37
OsAGO7|shl4|SHO2
SDRLK−20
Chl9|OsChlI
OsRH34
PEZ1
OsHAK16
OsHAK21|qSE3
OsACBP3
OsiBBC1
OsPAR1
OsGAMYBL2
OsMADS87
OsDCL2a
RLS3|OsPLS2
OsIMP
LHCB|LHCPII
OsMST2
YSA
OsUAM1
OsDWARF|OsBRD1
OsFLN2|HSA1
RMtATP6
GASR2
OsMSR15
SAPK10
OsAGPR
OsSEC3A
OsIAA11
OsIAA12
RGG1
OsCR4|MIS2
OsPIL12
OsLSD2
OsVPS2
OsMSI1
LO9−177
OSHB4|OsHox32
GRP162
OsLTPx1
OsPIDb
Rim2
OsOAT
OsATG6c
OsProT|ProT
OsNCED3
FtsZ2−1
GL3.1|qGL3−1|qGL3|OsPPKL1
OsSh1
OsCYP92C21
OsAM1
OsNLA2
NOL
OsIPMDH
OsCCX2
OsNUS1|V1
OsTBP2
OsPUB24
OsTUB8
OsLP|PR−5
TLP|PR5
FLOC1
EPAD1
CRL4|OsGNOM1
OsSWAP70A
NH3|OsNPR3
OsIRT2
OsIRT1
DDX47|TOGR1
RGB1|OsRGB1
OsXYN1
OSH10
OsGRF9
OsVQ13
OsGATL2
OsBIHD1
OsRZ3
OsMGT3
OsFdC2
FLO6
OsNPF2.4
OsCPK9
OsIAAGLU|OsIAGT1
OsOXO2
OsOXO3
OsOXO4
OsNF−YA4
OLE18
OsLOX3|LOX3
LOX−3
OsLOX1
Os−ERS1
OsPIPK1
Os3BGlu7
Os3BGlu8
TMS10L
OsPIP5K1
OsTB1|FC1|SCM3
OsRHC1|LE
SLR1|OsGAI
OsUCL8
OsHOP2
OsBiP2|Bip2
GF14f
OsCOL10
OsPI4K1
PFP|OscPGM
OsGS1;3|OsGLN1;3
PIBP1
OsTVLP1
TIP3
OsTMK
OHK4
OASB2
OsACT1|OsActin−1|OsActin1|OsActin
COX11|OsCOX11
OsSIZ2
PHYA|OsPhyA
H2AX
OsDDM1b
OsGRAS19|OsSCL7
OsRpl6−1
OsWDR5a|OsWDR5
OsTubA1
TAC3
OSH1|Oskn1
OSH3
OsACS1
OsNPPR3|FLO14
OsEGY3
OsGRF6
OsHDR|OsHMBPP
MKB3
OsEro1
OsAPL1|OsAGPL3|OsAGPL1
OsRAM2
OsGH9A3
OsKNOLLE
OsCBSX4
OsHOS1
OsMIK
OsSHM1|OsSHMT1
L−2
OsbHLH148
OsIAA13|OsiIAA1
OsML1
OsSUV3|SUV3
OsOASTL−A1
OsHXA701|HXA701
OPT|OsOPT7
PHYC
OsSPO11−1|OsTOP6A1
OsTPKa
OsMADS14
OsMADS34|PAP2
OsCstF50|OsWD40−93
OsALS1
GSA1
Pho1
EIF5
OsWRKY4
OsORC5
bel|CYP81A6|bsl
OsGASR1
OsBIERF1|OsPP2C34
Hd6|CK2
OspCKII
OsSAPK8|SAPK8
SP3|OsDOF15
CysR10|crP10
OsKANADI4
OsAOS1
Oscor413−pm1
WGL2
OSH43
PGI1
OsPS1−F
OsADF2
OsCBSIMPDH1|OsCBSIMPDH1a|OsCBSIMPDH1b
OsFAH2
OsPIL13|OsPIL1
FNR
GLO1
DST
OsSYP121
OsCPK10
PLA3|OsLBD3−7|OsLBD37
OsRad6
OsiSAP7
CKI|EL1|Hd16
OsGDH1
OsHsfA2e
REB
OsIGL|OsIgl
OsbHLH98
OsSIRP2
OsMet1−1|OsMET1a|OsDMT702
OsWRKY6
OsRTH3
OsSHL2
TSV3
OsPHF1L
MEL1
OsTrxh4
OsAAA−ATPase1
SQS
OsPP2A−2
OsSMT1−2
OsY14b
OsABA2
Chl1|OsChlD
OsNAC19|SNAC1|OsNAC9
SPIN1
OsALKBH1
OsmiR390
OsPHY2
OsIDS1
gh1|OsCHI
ZFP182|ZOS3−21
ZFP15
OsADF3
XB15|PP2C
OsRLCK118
OsEXPA7
OspTAC2
OsBSK4
OsDEX1
OASA1
OsNPC1
OsSPX4
SDRLK−60
OsFWL4
OsFWL6
OsFWL8
OsFWL7
OsGATA12
CRT
OsTRM13
SPL6
OsFEN−1b
OsHAD1
OsACBP6
GPA3
OsRZ1
OsNaPRT1
SDK13
DVB1
OsUGT706C2
qTGW3|TGW3|GL3.3|OsGSK5|OsSK41
Os−CASTOR
OsHOL1
PTOX1
Bph14
Osj3g2BTF3
OsRad52−2a
Xbos251|XBOS251
OsBRXL2
OsKu80|Ku80
OsGA20ox1|GNP1|SDSFL1
OsLOGL5
OsERF83

MRG701
CYP93G1|OsFNSII
SOR1
SDRLK−21
SDRLK−22
OsSIRP4
OsNope1
OsARG
ADCa|OsAdc2
BLEC−Str8
RGA3
OsTIF1
OsYUCCA7
CTB4a
OsPLL4.1|OsPLL4.2
OsPLL4
SDRLK−23
OsEMF2a
ART2
OsCAS
OsSFL1
ETR2|Os−ERL1|OsETR2
OsCPS4|OsCyc1
CYP99A3
MAS|OsMAS
OsDTS2|OsKSL4|OsKS4
CYP99A2
OsPht1;5|OsPT5
OsPht1;4|OsPT4
OsPht1;13|OsPT13
PCF1
OslecRK|OsLecRK1
OsLecRK2
OsLecRK3
OsLecRK4
UGT74J1
OsSAG12
OsHFP
SDK5
OsEXP1
RIF3
OsPIP2;6
OsSBPase
OsCTR1
OsSUS7
OsHAC1;2
OsSRT1
OscZOG1
OsFPFL4
OsWRKY51
RERJ1|OsOsbHLH006|OsbHLH6
SDRLK−24
OsNPH1b
OsMADS25
OsUGT90A1
OsRPI|RPI
OsSUS5
OsACOS12
OsHCAR
mtRPL27a
Osspt16
OsTPS19
OsTPS20
OsTPS24
PAKRP1|OsKRP1
An−1
rFKBP65|OsFKBP65
SDRLK−25
OsPLS4
EIF3H
OsbHLH156
OsSWIB
OsExo70−F3
OsYSL6
OsRPC53
OsAFB2
Gnp4|LAX2
DAD−1|DAD1
OsRap2.6|OsERF101
Pi21
OsHAK1
OsSnm1
OsCNX
PCC13−62
RIF1
OsBEIIa|OsSBE4|RBE4
DSL1
RCN4
OSINV4
GIF1|OsCIN2|OsGIF1|WB1
OsOTLD1
ACL1
OsOFP14
SDRLK−51
SDRLK−52
SDRLK−26
SDRLK−27
SDRLK−28
OsFBN5
Asr4
OsZOU−1|bHLH144
OsNaPRT2
OsDRF1
SAPK7
OsRecQl4
OsZHD8
OsTCHQD1
OsACOT
OsRR1
NSG|NSG1|LRG1
OsCaM
OsARGOS
OsSKOR
SPH
OsGAD2
OsAP37
OsABA1|OSZEP1
RH3.2A
OsCRY1b
ZEP1
OsMST1
HN1L
CP24
OsEPF2
SERK2|OsSERK2
IIP4
OsABCB14
Bh4
OsATL14
OsNAC2|OsTIL1|OMTN2|OsORE1
GF14b|OsGF14b
OsVIT1
TDD1|OASB1
BAD1|OsBADH1
OsCFM2
MOF
OsGASR2
OsKCH2
OsHIPP19
D11|CPB1|CYP724B1|GNS4|PMM1
OsMYB80|BM1|OsMS188
FCP1|OsCLE402
DWA1
Os4BGlu10
Os4BGlu12
OsTAGG1|Os4BGlu13
SDRLK−61
SDRLK−62
OsV4
DAO
Rf17|RMS
BET1
CRC1
OsNAR2.2
OsPIMT2
OsWS1
WSL3
OsG6PDH2
rml1|RML1
OsGapC2
OsDBH
OsRAD21−2
miR162b
OsOxi1
Os4NPP1
OsbHLH65
OsChia4a
OsNIN−like2
OsGLU3|RT
OsLS
SWL1
OsSAMDC
Rymv1
OsAPT2
SDRLK−29
OsGrx|OsGrxC2;2|OsGrxC2.2
SHO1|OsDCL4
OsAMT1;1|OsAMT1.1
EFA27|OsClo5
Os4BGlu14
Osmyb4
OsPAL6
LABA1|OsLOGL6|An−2
OsS40−13
OsPIP2;3
CAL2
OsGA2ox6
OsRR5
OsYSL13
OsYSL12
OsClpP2
RASI
OsABAR1
OsABCG9
OsHUS1
OsRDCP1
OsGATL5
Rpp16|OsPBP1
OsPLIM2b
OsMYB57
OsINV2
OsYABBY5|OsYAB3|TOB1
OsSWN6
Glup3|OsVPE1
STRK1
GT−2
OsLCBK2
Oshox22
OsYSL9
OsYSL16
OsSub42|OsSP2
OsGDH2
OsCYCP4;4
OsWRKY36|SGSD3
OLE16
OsERF1
OsDjA6
OsDREB4−2|CR250|OsAP2
OsHUB1|MIP1
OsNAGK1|NAGK1
HTD1|OsCCD7|D17
OsSPL7
OsEXPB5
OsR3L1
OsSCL6−IIc
SerR
OsHMA5
OsGPX1
cZOGT1
cZOGT2
Kala4|OsS1
OsPIP1;2
YDA1|SMG2|OsMKKK10
OsCPK12
cycOs1
OsHMGB707
cZOGT3
OsIDD10
OsAGO1b
MOF1|MFS2
ROC4
CYP87A3
OsSIRH2−14
OsDREB1E|OsDREB1−1|CR350
OsNRPD1a
OsSPX−MFS1|OsPSS1
HTH1
OsCCS
CYP704A3
XIAO
OsACS2
OsFRO1
OsSCE3
RAVL1
OsEXPA10
OsMYB511|OsMYBR1
OsCDPK7
GLR3.1
OsABCC7
OsGRAS23
OsMYB58|OsMYB63
OsNPF7.4
OsPTR6|PTR6|OsNPF7.3
RFL|APO2|SSC|LFY
DTD|EAT1
AOX1a|OsAOX1a
OsAOX1b
OsBRXL3
COLD1
OsGRF3
WSP1
OsMT|OsMEX1
MPR25
OsRMT1
OsLig4|Lig4
OsHKT1;1|OsHKT4
OsHKT1;4
OsAP2−39
RLIN1
OsCTR3
OsCER2|OsHMS1I
OsKS1
KS2|OsKS2|OsKSL2
FC1|OsCAD7
OsZIP3
Osl2
NAL1|qFLW4
OsAGO2
OsFLS2
Ctb1
OsABCC1|MRP1
GSD1
OsNUC1
RGAa
RGAb
RGAc
PiPR1
RGAd|PiPR1
RGAe|Hwc3
RGAf
Xa1
RGAg
GLO2
osa−miR171c
OsATG8b
BH1
RBP−L
RUBI3
OsTrx15
SDK6
SDK7
SDRLK−30
SDRLK−71
SDK8
SDRLK−53
SDRLK−54
SDK14
SDK9
SDRLK−31
SDRLK−32
SDK10
OsRLCK166
OsBIDK1|OsDGK1
OsMRE11
OsTGAP1|OsbZIP37
OsEPF1
OsSK3
ILI1
FLO2
OsHIP1|HAF1
SHAT1
OsWOX4
OsSULTR3;3
OsJAZ1|OsTIFY3|EG2
OsCSN5A
SDRLK−55
SDRLK−33
OsRLCK168
OSA7|osAHA7|AHA7
OsLG1
OsFPPS3
OsGS2|lambdaGS31
OsRMC|OsRLK
OsPELOTA|LML1|Ospelo
OsIBH1|IBH1
OsUAM2
OsMAPKKK&epsilon
IPK1|OsIPK1
OsCNX1
OsPHF5A1
MOC3|OsWUS|TAB1|OsTAB1
OsARF11
IAMT1
FtsZ1
RLI1
OsIM1
OsCP1
sh4|SHA1
OsPAO5
OsARF12
OsRR6
OsDRE2
OsBIABP1|SLAC1|OsSLAC1
Stt3a
GIC
OsMYB6
OsPK3
OsKTN80b|OsWD40−111
OsDOF18
OsPORA
OsALN
OsACBP4
OsAtg4
OsPMM
AM1
OsAAE3
OsBSK3
OsCASP1
WSL5|OsPPR4
OsCAF1B
OsNDR1
RLS2|OsEXO70A1
psbS2
SAPK5
OsUGT1
YSS1
OsSGRL
ENL1L
ENL1

OsJMT1
OsCYP20−2
OsPGIP2
OsPGIP1
OsPGIP4
OseIF3f
Xa5
OsRH17
OsRLCK176|BML
RPA1c
OsMT2b
Xb3
bip130
OsMKP1|GSN1|LARGE8|GLA1
DHAR1|OsDHAR1|OsDHAR
GLR1|OsWOX3B|GL1|LSY1
STAR2
OsGPRP3
RSR1
OsBLE1
OsSIZ1
OsPLC4
OsTZF5
OZT1|OsMTP1
OsECS
LIP19|OsbZIP38
OSH71|Oskn2
OsGlnB
OsSAMS1
OsPti1a
OsAP1
OsWRKY5
OsLti6b|ddOs32
APG|OsPIL16
OsMYB2P−1
OsY14a
WLS5
OsMPK14
OsGH3.6
OsPPKL2
PTB1
OsVIL4
OsNHX2|OsNHX3
OsACO5|OsACO6
OsCUL1−2
OsDRB3
OsTIR1
APIP6
SRS3|OsKINESIN−13A
ERS2
alpha1b
Imp3
Chalk5
GS5
OsGA2ox1
DARX1
OsCRSH1
OsCRSH2
OsCRSH3
SDRLP−3
OsZIP6
SDRLK−34
SDRLK−35
SDRLK−36
SDRLP−9
OsTAR1
BC10|FC116
OsBT1−2
OsBOR4
OsGA3ox1
PI3K
OsWRKY67
OsMLO12
OsHXK7
GSE5
OsDER1
OsPPi−PFK
OsTZF1
JMJ703|OsJMJ703
OsACS3
OsDGAT
OsZIP7a|OsZIP7
CYP90D3
OSMADS58
OsBBX14
GSK2|OsGSK2|OsSK22
OsSPF1
MHZ11
OsCYP51G3
OsPYL|RCAR5|OsPYL5
OsSWEET3a
Z15
OsPRP|RePRP1.1
RePRP1.2
OsbHLH073
RFC3
FLO15|OsGLYI7
OsTOR
OsTPT2
OsBLE3
OsPYL10
OsHI−XIP
OsXIP
P31comet|OsBVF1
OsGCS1
OsSUN1
MSH2
OsCHX14
EBR1
rgp2
OsZFP350
OsGLYI−8
XYH
JMJ704
OsHsp70CP1
OsGDI2
OsSTLK
OsDRB1−1
OsCatB
SPL40
GW5.1
OsACS4
OsWRKY45|WRKY45
OsAGSW1
OsMSD
OsOFP19
PG5b|Prol−08
CysP13|CpP13|PG5a|Prol−06
D1|RGA1|LW5
OsDjA7
OsDjA8
OsWRKY53
OsDREB2B
YGL1|OsCHLG
OsEm|EMP1|OsEm1
OsABI4
OsImpbeta1
UspA
DEPG1|OsRP1L1
OsPHF5A2
OsBiP3|BiP3
RH1
OsFTIP7
OsCW−ZF5
OsRLCK185
OsBON3
OsCKX9
OsHXK10
OsEGL1
OsPM19L1|OsPM1
OsANN4
OsBC1L4
OsSQD1
OsNADK3
SMOS1|SHB|RLA1|NGR5
R2
OsISA2
DPS1
OsCYCP1;1
Cht−2
CHIA1;175
ARG1
OsBphi262
FLO4|OsPPDKB|ppdk|OsC4PPDK
GID1|OsGID1
OsSPL9
CLA1|OsDXS1|OsDXS2
HSR203J
TCD5|CSV1|TSV
OsbZIP39
OsIPPI2
OsPCS1
SDRLK−69
TCM5
OsGDI1
SERF1
OsCc1
PMR
OsNAC52
GA20OX4
OsMADS4
OsAAP11F|AAP11F|OsAAP7|AAP7
COPT5
IDEF2
OsBiP4
OsAKT2
Osmyb1
WSL8|OsdNK1
OsSPP2
OscFBP2
OsPUB44
MID1|OsARM1
Fd
OsLG2L
DNG701
SBDCP2
OsAUX3
OsCOI1b
OsRopGEF10|BGL
SH5|RI
OsbHLH058|OsPRI2
OsP5CS|OsP5CS1
OsPP2C49
OsLAC13
OsLAC
OsctHSP70−1
OsHAP3B
OsAMT2;1
CRP
OsPDC1
OsZIP9
OsZIP5
OsPRA1
WRKY70|OsWRKY70
Osh36|OsAMTR1
OsPUB2
OsSTN8
OsSNAT1
EUI1
OsSIRP1
OsbZIP42|HBF1
CENH3
OsCCaMK|OsDMI3
Osmyb5
OsSET22|SDG728|OsSUVH8
OsCam2
akin−b|akin−beta
OsC3H1
OsHAPL1
MFS1
OsAIR1
OsMSH5
GLB1
SDRLK−4
OsSPL
OsTrxh2
OsCPP5
OsTFIIF2−1
PK4|OsPK4|OsCIPK19
SBI
OsVOZ2
OsRab7|OsRab7B3
Hb5
OsFTL10
OsTPS1
OsSec18
HSP101|OsClpB−cyt|HSP100
OsHXK5
LTG5
OsrbohD|Osrboh5
OsYUCCA2
OsCOLE1
Spl7
SnRK1A|OsSnRK1a|OsSnRK1A1
OsS40−14
OsS40−1
OsSSIVb
AET1
OsABIL3|OsPP2C50
Orysa;NAP1;2|OsNAP1_L2
OsRTH2
OsGINT1
OsFEN−1
OsLF
OsLEA3|OsLEA3−1
OSIPP3
OsFPPS2|FPPS2
OsPDCD5
OsPEAMT2
Stn7
OsRAV12
OsHRZ2
OsIPT7
RACK1B|OsWD40−122
OsMYB55|OsPL
OsSYP71
OsMATE2
SUI2|ES5
BK−PP2A
OsNADH−GOGAT2
OsPUP7
LTN1|OsPHO2|OsRLS1
OsNINJA1
OsTMF
OsGA2ox8
OsDi19−1
OsSND2
OsETTIN1|OsARF15
DWL2
UreG|OsUreG
OsMPK7|OsMAPK20−5
COR413−TM1|Oscor413−tm1
Oryzasin
WSL6
OsPP2C51
OsHAP3C
OsRAN2
OsCHS
OsPPR6
OsSLRL2
OsCV
OsMPK17
NL1|SNFL1
OsAPL3
OsRad21−4|OsREC8
OsSPS2
OsMPK9
OsWRKY8
OsLEA5
OsJar1|OsGH3.5|OsGH3−5
OsFAMA
OsSIG5
OsPTD1
OsJ_RLL1
OsSWEET5
OsEBS
OsHIR3
OsClpR1
OsDDB1
OsPP2C53|OsABIL2
OsVPE4
OsOSCA1.2
NRR|CRCT
OsNDPK3
OsMUTE
OsHDT1|HDT701

CYP93G2
OsPCS2
OsPUB12
OsCCT19
OsACX1
RA1
OsSWN7
OsHAM4
OsLFNR2|LFNR2
BPH29
OsEXPA17
KAO
EYA1
OsLEA4
Os6PGDH|Os6PGDH1
OsPPR16
OsMTN
OsCpn60beta1
MHZ3
OsACBP2
OsFSD2
CYCLOPS|OsIPD3|OsCYCLOPS
OsGRF5
ZN
OsDjA9
Bph32
OsFLZ18
OsBBI1
RUPO
DLT|OsGRAS−32|D62|GS6|SMOS2
RNRS2
OsATM3
ROD1
OsISI1
OsSPX−MFS3|OsPSS3
OsGLIP1
LRD6−6|LMR
OsSIK1|OsERL
OsACS6|SSG6
OsGBP1
OsADC1
OsSWN1
YGL18
OsBDG
OsRAD1
Wx
OsTK
EPSPs|OsEPSPS
OsCNIH1
OsEno5
OsClpR2
DP1
DDF1
OsHOX28
OsZFP1|SRZ3
OsENOD93−1
Hd17|Ef7|OsELF3−1|OsELF3.1|OsELF3
MAK4
OsFSD1
OsCDT1|OsCDT2
SPDT
OsXRCC1
OsMKK1|OsMEK2
Orysa;NAP1;1|OsNAP1_L1
OsHOL2
D3
OsMPK1|OsMAPK6|OsSIPK
OsGLIP2
OsGI−Hd1−Hd3a|RFT1
Hd3a
HGW
OsSSI|SSS1
OsMADS5
SDRLK−66
SDRLK−37
OsDREB1D
OsIAA20
RNRL1|V3
GOS9
SRWD3
OsSrx
OsHSL1
OVP2
AID1
OsERF2
GSL5|OsGSL5
OsDA1
OsRR22|HST1
OHK1
OsRHL1
DPL2
OsNPY2
OsPHT1
OsPHT2
OIP30
OsORC1
OsPTF1
OsERF71
OsKASI
OsARF16
OsHAL3
OsGPCR
OsER1
OsC1
OsCNGC13
Roc8
ORF1
LYP6|OsLYP6|ORF2
ORF3
ORF5
ORF7
ORF9
ORF11
OsAREB8|OsAREB1|OsbZIP46|OsABF2|ABL1
S5(ORF3)
S5(ORF4)
S5(ORF5)
KRP2
OsOPR4
OsOPR1
OsSKIPb
OsMCM2
OsPABN2
OsTPP2
OsCSIL1
OsSar1d
OsSERK3
OsSK2
BU1|OsbHLH174
OsTCP19
DSH1
Lsi6
HAZ1|HOX1a
ALK|SSIIa
ROX3
OsPIN1a
OsDHAR2
OsPollambda
YPD1
MAK5
RPL1
PFP1
OsGORK|OsK5.2
PGI2
RNRS1|St1|SDL
OsCOL16
OsAS2
OsGSR1|GW6|OsGASR7
OsALDH2b|OsALDH2B1|ALDH2b
OsHSBP2
Hd1
OsCLF|SDG711
OsNF−YB9
Pi9|Piz−t|Pi2
Pid4
OsCGT
G11A
OsCTF
OsCCT22
OsHrd1|MAL
OsTIG
OsIBR5
OsJMT1
Os2H16
OsNHX4
MKRN
OSIAGP
Os6BGlu24
OsPht1;9|OsPT9
OsPht1;10|OsPT10
NTRA
Pi25|Pid3
OsCUC1|OMTN5
OsNAAT4
OsGLK1
OsF5HL
OsPAP90
OsACX3
NYC3|OsNYC3
OsMPK11|OsMAPK11
OsMSRB1.1
OsMKK3
OsFIP
MLO
OsOTS1
Bphi008a
OsPHO1;3|PHO1;3
OsPK10|Pid2
MAK6
MEG3
OsGWD1|GWD1
NOC3
OsMFT1
OsWRKY31
MetRS|MRS
OsTHI7
OsTHION15
OsSPCH1
OsABP
OsRCAR1
CAPIP1
OsSPDS2|OsSPMS1
FCP2
OsRLCK206
OsGSK4
OsRab11
MAK7
PFL
OsAAP3
OsO3L2
OsMIOX
OsPYL9
OsDGAT1−2
Os5100|CYP711A6
OsKOS2|OsKOL5
OsKOS1|OsKOL4|CYP701A8
OsKOS4|OsKO1
D35|OsKOS3|OsKO2
OsGATA16
OsBGal2
OsPP2A−1
SDRLK−72
MAK8
SDRLK−5
OsLCT1
OsHDAC1
OsUGT4
OsKMD2
OsAt10
LC3
OsIAA23
OsPNH1
sped1−D
WSL1
CYP734A4
OsbZIP48
SDRLK−38
OsBT1−3
Se5|OsHY1|OsHO1|YGL2|YE1|PE−1
OsSPX1
OsPLDalpha4
OsPLDalpha5
OsGAMYBL
OsEBF1
OsSOS2
OsABCG15
Osnop
OsSNF7
OsAld−Y
MOC1
OsiSAP8
OsCOM1
OsFTIP1
OsbZIP49
SDRLP−10
SDRLK−63
SDRLK−64
OsCW−ZF6
OsARID3
OsCDC27
OsbZIP50|OsbZIP74
TGW6|OsTGW6
SPP
OsHAK10
OsPSK
OsCLR1
OsMYB102
DCM1|SAW1
GPA5
OsSAP1|OsPAP26
OVP1
OsOS9
OsHAF701
OsWRKY28
SDT
Sdt97
OsglHAT1|GW6a
OsRpoTp
OsGL1−3
MHZ1|OsHK1|HK1
Os4CL4
HL6|OsGL6
OsHGGT|HGGT|SGD1|RTD1
OsSPL10
OsPIN2|LRA1
OsPLS1
OsbZIP52|RISBZ5
APO1|OsAPO1|SCM2
OsHMA9
GL6|SG6
OsMADS30
OsFtsH2
OsABA3|OsMoCo
OsMPH1|OsMYB45
LIN1
OMTN4|ONAC011|OsY37
ONG2|ONG3
OsNRAMP3
DEP3
OsARF17
HSA32
CCD1
OsARF18
OsDIRP1
OsIRX14
OsRLCK214
OsRLCK215
OsLRR−RLK1
OsRRK1
RPA2c
OsSIDP366
OsMAR1
STAR1
OsCMO
OsMAPK4|OsMSRMK3
OsHMA2|OsHMA2v
eIF−4a|EIF4A
OsHKT2;4
OsHKT2;1|OsHKT1
OsSAUR27
OsARA1
OsARF19
OsSPL12
OsPHR4
LIC|OsLIC1|OsLIC
OsPTR9|OsNPF8.20
XYXT1
OsWJUMK1|OsMPK12|OsBWMK1
OsMTOPVIB
OsCYP19−4
OsSLC1
OsSYF2
OsMADS16|SPW1
OsPMT16
OsPRA2
OsNPSN11
Hsp90|rHsp90|OSGrp94
APIP5|OsbZIP53
FON1
OsDNLZ1
OsbHLH155
ILA1
Cht−3
RC24
ONAC095
BEI|SBE1
OsMac1
cycOs2
OsCATB
HMGB1|OsHMGB1
OsLHY
PSY1
OsAGO1d

SQD2.1
OsProT3
SRL1|CLD1
OsGA2ox5
OsDLK
OsMST3
OsPSKR15
ALT−2
OsSMCP1
OsTPKb
OsMADS15|DEP
SLG7−L2|SLG7−like2
OsWRKY29
CK2alpha2
OsSAC1
Crl5
OsPR1a|OsSCP
D6|OSH15|Oskn3
OsAAP1
OsSWAP70B
ONAC096
OsC3H47
G1
MAK9
OsPsbP
OsIMA2
gp1
OsPIL14|OsPIF14
OsCIPK23
OsGRX19|MIL1
OsTCP21
GLO3
prog1
OsNCED4
OsEIN2
OsYABBY1|OsYAB1
OsCPK17
OsD−LDH
WP1|OsValRS2
WAF1|OsHEN1
HDA704
OsAAO
ZFP177
OsGA20ox3|GA20ox3
OsNek3
OsPK2|W59|OsPKpalpha1
RISBZ1|OsbZIP58|OsSMF1
OsTSA|pOsTSA
OsMet1−2|OsMET1b
OsATH1
OsKu70
OsBIP116b
OsTrx23|OsTRXh1
OsSIK2
OsSHL1
OsD−LDH2
OsRZ2
OsPHF1
MMSDH
OsDXS|OsDXS3
OsA2
STR2
OsSnRK1A2
spl5|SF3b3
OsZDS
RP6
Ossmt1−1
OsCPL1|sh−h
OsCesA8
OsDGL1
OsKAPP
Rc|qSD7−1|qPC7
RAG1
RAG2
Oscyp71Z2|CYP71Z2
OsTPS28
OsCYP71Z21
OsCYP71Z30
OsCYP71Z22
OseIF3e|EIF3E
OsNAC3
OsREM20
OsZIP8
qCdT7|OsHMA3
SNB|SSH1
RALF12
OsAPL4|OsAGPL4
CRO1
OsLLB|OsMTS1
OsNRAMP5
OsNRAMP1
ETR4
Ghd7
NAL8
UTR319
OsAO3
MAK12
OsG6PDH3
OsSPDS1
OsPKS2
OsGBSSII
OsFAD2−3
RePRP2.2
RePRP2.1
OsML2
OsYUCCA6|OsYUC6
TDC2
SLES
OsPHR2
OsHXK1
OsPIP2;4
OsPIP2;5
OsRR7
OsCYP89G1
ORMDL
S7
OsSG1
OsGRF11
IRE1|OsIRE1
AGO18|OsAGO18
NRP1
OsACTPK2
OsCYP21−4
CDSP32
R−CPD3L|cbp31
OsMSH4
LIL1|ALS1
OsCBT
OsNDPK1
CK2beta3
CHR729|OsCHD3|CRL6|RFS
CRTintP
OsGAP
UGT707A3
NY2
OsUGT707A2
OsSPL13
OsPP95
NY1
BRK1
OsAtg8
OsCDPK2|OsCPK2
OsABCG43|PDR5
OsGPT2−3
OsCLIP
OsDR8
eIF−1
OsRLCK233
Gnk2RLK−4
Gnk2RLK−5
DTC1
CRK6
CRK10
CIGR1
OsIPPI1
Udt1
SDRLK−39
SDRLK−40
SDRLK−6
SDRLK−41
eIF4G
OSRIP18
OsENT2
CP29|OsLhcb4
NYC4
OsVST2
OsMST6
OsMsr9
GD1
CUR1
OsSCAMP1
SYMRK
OsFOR1|PGIP
OsREM4.1
OsSAP16
OsYABBY7
DAO
OsREX1−S
OsSUMO5
OsSUMO3
OsBZR1|BZR1
OsGGPPS1
OsUGT3
Oshox14
V14
CIGR2
OsWRKY78
OSPGYRP
Sdr4
AChE
OsSHR1
ESP1
ZFP245
OsLBD38
OsGASR9
OsAP65
OsGH3.8|OsGH3−8|OsMGH3
OsZFP7|ZFP207
FH5|RMD|BUI1
OsWRKY88
OsRPK1
GW7|GL7|SLG7
OsMESL
GE|CYP78A13
OsNPF7.1
OsBC1L6
OsB12D1
OsUAM3
OsMADS18
OsLFR
PSD
OsPAA2
qSOR1
OsJAZ7|OsTIFY10b
DEP2|EP2|SRS1|OsRELA
GLO4
RSUS3|SUS3|OsSUS3
OsAlaAT2
SAPK2|OsSAPK2
OsDAHP1|DAHP1|DAHPS|OsDAHPS2|DAHPS2
DTM1
OsHMA7
OsHAM701|OsMOF
DPE1
OsFLP
OsbHLH1|OsbHLH062
OsORC6
RNP29
OsRH36
OsLti6a
CHR721
OsPDK1
OsNPSN13
Os1−CysPrxA
Os1−CysPrxB
Os−eIF6;1
OsHsfB4b
OsbZIP60
CYP734A5
OsBLE2
chlH
OsGlyI
NTRC
SPIN6
ABC1|OsFd−GOGAT|SPL32|ES7
OsANN3
OsDPE2
OsCSD1
OsNHX1
OsCOL13
Gnk2RLK−6
OsGZF1
OsObgC1
FZP|BFL1|SGDP7
OsCW−ZF7|WG7
OsNLA1
OsUsp1
OsHIGD2
OsHLH61
POX8.1|prx110
POX22.3
POXGX9|prx112
POX5.1|prx113
POX3006|prx114
OsCIPK2
OsVAL2
VSR3|OsVSR3
OsWRKY47
CYP714B1
rth1|OsAPY
WOX11
OsDof24
OsEIL2
OsSDR
OsbZIP62|OsFD7
OsRLCK241
OsARAF1
OsCam1−2|OsCam1
rTGA2.1|OsbZIP63|OsNIF1
OsGolS2|wsi76
FLO18
OsALDH22
OsNAS3
OsBC1L8
CLSY1
OsPDC3
OsFAD8
OsPLC1
OsIRX9
Mtr1
OsAPX2|APXb
Ghd7.1|Hd2|OsPRR37|DTH7

IDEF1
OsMOT1;1
OsSEND−1|OsSEND1
OsCASP2
OsSNAT2
OsSWN3
Fd1
OsUGT2
Ehd3
OsMAGO1
OsPMEI28
OsAK1
RF6
OsPUB15
FSE1
OsMADS26
OsFKII
OsGSE
OsIQD14
OsSWN2
PSS1
OsAHL1|AHL1
RPS14|OsSDH2−1
OsGAPC3
OsHT|OsLHT1
OsCSP2
OsLSD3
YK704
CYP703A3
OsFIE2
OsFIE1|Epi−df
OsUCL23
OsPRI1|OsbHLH115
OsDEG10
TDC1
TDC3
OsVST1
Hd18
Pi36
OsMYB103L|CEF1
OsNIP3;2
OsNIP3;3
OsTOP1
OsNRT1.1A|OsNPF6.3
pds1
OsDR10
TOP6A2|OsTOP6A2|OsSPO11−2
OsMPK2|OsMAPK2
COMT|OsCOMT|OsCAldOMT1
OsCCA1
OsNTL2
OsLSD1
PRP5|OsRH42
CslF6
OsTPL|ASP1|OsLIS−L1|ASP−LSL
RPP10|OsACBP1
OsSIG1
OsABCG18
CRR6
TPS46
Hd5|DTH8|Ghd8|OsHAP3H|LHD1|EF8|CAR8|OsNF−YB11
OsBISERK1|OsSERK1|OsBAK1|TBP1
OsPOLP1
ORK1
OsMST5
SDRLP−1
MAK10
SDG701
BRHIS1
RURM1
Roc1
OsGPT|OsGPT1
OsGER1
VAL1|GARS
OsSSIIIa|Flo5
OsATG8c
GLYI−11|OsGLYI11|GLYI11
CDE4
OsNF−YA7
OsBiP5
OsYchF1
OMTN6
OsPi304
OsATX1
OsUAP1|SPL29|HES1
OsZIP4
OsVIL1
OsOSC12
OsARE1
ZL16
SDRLK−56
SDRLP−5
OsXTH8
OsVTC1−8
OsSIG6
Os4CL1
Gm8
OsSMAX1
OsRAD21−3
OsSDF2−1
FGR1|OsNPPR1
Vsl1
OsTF1L
OSH45
OsCTZFP8
OsPPT1
OsCCC1
OsGAUT4
OsMED14_1
OsBRL3
OsRLCK251
HDA705
OsAPS2|OsAGPS2b
OsSARD1
Osppc2a
OsELF4c
OsRLCK253
BZ1
OsRR8
OsTRXZ|WP2
OsDRB1−4
OsHIR1
S27
S28
PDD
PAY1
SRWD4
OsERF48|OsDRAP1
OsSTL2
OsV5B
OsEBL1
SAD1
OsBADH2|fgr
GF14c
TIG1
OsClpS1
OsMYB106
ONAC106
OsRNS3
OsLPLA
Lhca4|DYE1
ONAC063
OsSDF2−2
OsGAPDH
OsFAD6
Osmtd1
COE1
OsTPS8
Os4CL5
OsSAUR33
OsrbohE|Osrboh6
OsDERF1
GGC2
OsOPR7|OG1
OsGLP1
OsCKX11
OsBRXL4
OsGAD1
OsNIA2
TRAB1|OsbZIP66
Osfuct
OsABA8ox2|OsCYP707A6
OsRAmy3E
alphaAmy3|OsAmy3D|RAmy3D
OsERF104
OsCEP6.1
OsZHD2
SnRK1B|OsK4|OsSnRK1D
AL8|RAE2|GAD1
OsDof25
OsRBGD3
OsRHP1
OsAkaGal|Osh69
OsHAP5D
RAFTIN1
SRWD1
OsOMT26|ROMT−15|ROMT15
OsWRKY30
CSN6
OsPEX5
hsp82A
OsWAK74
OsELP3|OsEDM2L
OsXylT|RCN11
OsDOG|OsSAP11
OsFBH1
OsHI−LOX|OsLOX9
OsSPL14|IPA1|WFP
OsCUC3
CDKB2;1|cdc2Os3|CDKB2
SKIN2
ZOS8−11
OsMAP
OsGH
OsISA1|OsPHS8
OsERF115|AP2EREBP110
OsKIX_9
rpL32_8.1
RL1
rFKBP64
OsPIN5b
OsMCP
NPP1|OsPAP27b
qGW8|OsSPL16|GW8
OsMADS7|OsMADS45
Os8N3|xa13|OsSWEET11
OsCOL15
WTG1|OsOTUB1|GWC1
OsCERK1
OsRBR1
OsRFPH2−10
XBOS252
PIBH8
OsCPK21
OsFKBP16−3
NBS8R
OsPDR1|OsABCG45
LPL3|DS8
PCF2|OsPCF2
OSC4
OsHsfB2b
BSR2
OsAPX4
OsFD4
OsIDD6
OsSAG12−2
OsPIMT1
OHP1|OsAHP1
OsGRX20
IF1−1
OsSPY
SLC1
OsBISCPL1
OsCu|Zn−SOD|OsCSD2
OsNTL5
SLG
OsLPT1|OsPht1;6|OsPT6
OsPALE1
OsPGR5

OsRAD51D

OsDSSR1

OsNHAD

BC12|GDD1|YD1

MADS78

FCA|OsFCA

OsFBN1

OsTrx1|SDG723

OsPFA−DSP1

OsCO3

OsRpoTm

OsBIG

PP2A−A

OSINV1

BTBN18

OsRPS2

OsTOP6B

OsMFS1

RGP1

OsNHX5

Sub1C

Sub1B

IBF1

OsBRL1

OsAPS1|OsAGPS1

OsRRM

OsPHL3

OsROC1|OsMYBc

OsbZIP71

OsMED25

OsEMF2b

SDG724|lvp1

OsERF109

OsDCL2b

Osppc2b

OsCPS3

OsHTAS

OLE4|OsOLE4

OsSIPP2C1|OsPP2C68|OsPP108

OsPDR20

OsWRKY74

OsCyb5

OsFBX322

OsCAB1R

OsSIRK1

OsD305

ICS1|OsVDAC1|OsICS1

AL2

ONI3

OsORAP1

OsTPP7|AG1

OsSDH2−2

OsEno1

OsHSBP1

RRF1

YLC1|OsV5A

OsEBL2

OsEDS1

RL9|SLL1|AH2|OsADD1

OsVIT2

OsCAD8D

STR1

PF1

osRAD23

OsMSH6

qCTS−9

REP1|OsTb2

OsPPR1

OsWRKY76

OsWRKY62

Bc6|OsCesA9

SAMDC1

OsSAP

OsGL1−1|WSL2

OsGLR2.1

OsCBSPPR1

OsDSG1

OsrbohB|Osrboh7

OsJAZ8|OsTIFY10c

DRO1

OsALDH7|OsALDH7B6|ALDH7B7

EP

DEP1|DN1|qPE9−1|OsDEP1

OsDDM1a

GS9

PTC1|OsMS1

OsACO2

OsACO1

PDIL2;3

LYP4|OsLYP4

UbL401

OsANN10

SDRLK−65

qRT9|OsbHLH120

LP1

OsbZIP72|OsABF4

OsHsf23

OsABA8ox3

OsEATB

OsCYO1

SG1

OsZHD1

OsGSTU17

ISA3

Oshox4

OsNSUN2

OsPORR1

OsTFX1|OsbZIP73

DUA1

OsBIM1

RA8

OsWRKY80

OsaTRZ2

UbL404

OsWIP6

OSISAP1

OsGNA1

OsTGA10

OsAHL2|AHL2

HMG2

OsTKPR1|OsDFR2|OS−DFR2

OsNAC42

bc15|OsCTL1

SKIN1

LGD1

OsPAP2

PAIR2

OsSPL18

OsMADS8|OsMADS24

WEG1

OsBC1

Os9BGlu31

Os9BGlu33

NEF|Fes1−like

OsBIANK1|XB25

RF2a|OsbZIP75

OsRRMh

OsGLYII3

OsFH15

OsSGT1

OsITPK6

OsbZIP76

OsSPX−MFS4|OSPSS4

OsGEN−L|OsGEN1

OsDREB1B

OsDREB1A|OsDREBL|OsCBF3

YY1|OsLTPc2|LTPL45

TAC1

OsVPS22

OsSHI1

SGR|OsSGR

OsPRR95

OsLon1

BSR1

OsTFIIB

OsRNS4|OsRRP

OsMYB108

MS5

APX9

OsMED4

OsFD1

OsPIP2;7

ODCa

OsRacGEF2

SAUR39

OsSAUR45

OsLDC−like1

OsNLP4

OsU11|U12−31K

SDRLP−7

SDRLK−46

SDK1

SDRLP−2

SDK11

SDRLK−42

SDRLK−43

OsMLH3

OsNAC109

OsUgp1|Ugp1|UGPase1

OsNRPD1b

OsPSY|OsPSY3

CDS1|OsCNGC9

SIP1|OsSUF4

OsWAK90

OsDEES1|OsWAK91

OsWAK92

TCD9

OsCRP1

OsMDHAR

OHP2|OsAHP2

IF1−2

SLC2

OsC2DP

OsCYP−25|CYP19−3

OsLpa1−P

OsDRP1E

SDRLK−44

OsSCP46

OsITPK1

OsCMT3a

POXA|prx126

OsPCR1|OsFWL5

OsNPF8.17

OsBRL2

OsGBP3

BBR

OsSNDP1

OsADF

OsFbx352

Gnk2RLK−7

Gnk2RLK−8

OsFBX365

OsZF

OsDIL|OsLTP6

OsPRP3

OsPRP1

OsVAMP714

OsCIA

OsRLR1

OsEE1|OsEno4

CPD|OsCPDP|qUVR−10

OsDSR−1

OsWAK112d

OsLSR

OspPGM

NF−YC12|OsNF−YC12

OsAT1

PEPCK

OsFRDL2

OsTDL1B

OsCYP75B4|CYP75B4

OsCYP84A

OsLHP1

MEG2

SDRLK−45

OsLAC17

OsrbcL1

OsMST

OHK3|OsHk5

ACC1

OsERS1

OsINO1−2

GH5BG

OsEXTL

OsCutA1

GIL1

OsRCCR1

AlaAT|OsAlaAT1

EBL1

OsJAZ13

OsJAZ12|OsTIFY11d

OsSPX3

TFIIE

BRD2|DIM|DWF1|LHDD10|LTBSG1

GluA|OsGluA2

OsORC3

PLA1

OsSUT3

PAIR3

OsBURP16

OsCCR4a

OsRAM2L

OsGR3|GR3

ONI2

OsGME1

Ehd2|RID1

OsHSF6|OsHsfA2c|OsHsfA6a

OsARD1

OsARD4

OsCHL

TCD10

OsPQT3

OsTBP2.2

SSIIC

OsCDC48E

OsABCG25

OsPht1;3|OsPT3

OsPht1;8|OsPT8

OsHCI1

OsMTA4

Osgrp−2|OsGRP2

CAI1

DCA1

DEL1

OsWSL3

Ehd1

FLO7

HLL

p28

OsCesA7

OsDUF810.7

WDA1

OsCYN

OsiICK6

OsPUT3

OsPP2AB

TAW1

FLO16

OsMYB110

OsNBL1

OsARF22

OSHB2

OsFlot

LTT1

OsBTF3|Osj10gBTF3

OsPKS1|YY2|OsLAP6

OsDCL3b

OsDim1

OsTPR1

OsTIP3;1

OsABCG26

OsKTN80a

Rf4|PPR782a

OsPORB|FGL

Rf1a|Rf5

Du1

OsSFR6|OsMED16

Rf1b

OsGRXS17

OsLTPL159

OsRPP13

GFR1

OsYABBY3|OsYAB4|TOB3

OsAct2|OsActin−2

OsCAld5H1|CYP84A5

OsNIP3;1|DTE1

OsGDCH

OsLCBK1

RRJ1

OsFBDUF48

LIP1

OsTRE1

OsEMSA1

OsPLDbeta1

OsNP1

Osgstu4

Osgstu3

OsSWN4

OsMPK6|OsMPK4

FLR11

OsEXPA30

OsSCE1

OsMADS56

OsAP77

SPK

OsTMT1

OsMT−II−1a

RIF2

OsBSK1−2

RPP31

OsbHLH004

OsACR2.1

Lsi3

BSR−K1

OSIPA

NRRB

OsProDH

OsPUB67

OsNRT1.3|NRT1.1B|OsNPF6.5

OsGGT

OsEXPB2

OsEXPB3

OsNOT1

RL14

MYBS3|OsMYBS3

OsHox1

OsMYBS2

REL2|OsDLT10|RSD1

OsMSRA4.1

OsNDPK4

CYCU4;1|OsCYCP4;1

SAPK3|REK

OsCBL1

CK2beta1

OsHUB2|FRRP1

OsCAO2

OsCAO1|PGL

Rir1b

OsBSK2

PFKB1

OsPYL1

OsNMD3

OsMYC2

JMJ706|OsJMJ706

OsSRO1a|TWI1

OsCSLD1|rth−2

OsPLGG2

OsNPF7.7

OsDUR3

CLPP4|OsClpP4

NAL2|OsWOX3A|WOX3

OsRINGC2−1

D53

OsFER1

OsTBL2

OsDRB1−2

OsCIPK15

OsLTP5

OsWRKY89

OsWRKY50

OsSCR1

ONAC122|OsNAC10

ONAC045|OsNAC45

OsRP1

OsGELP110

OsARAF3

SDRLK−7

SDRLK−58

SDK2

TOM1|OsZIFL4

TOM2

TOM3

OsCPK25

OsPIN1c

OsBOP2

OsIPMS1

OsCPD1

OsRR9

OsDMC1|DMC1B|OsDMC1B

OsPK1

OsPIDL1

OsENA1

OsPAP21b

OsbZIP79|OsTGA911

YGL138(t)|OscpSRP54a

OscpSRP54b

LS1

OsS40−12

OsZIP−2a|OsbZIP80

Cyclin−T1;3

OsCCT38|OsPRR59

OsbZIP81

OsACTIN2

SAB18|OsGTgamma−2

nuRIP|OsjRIP11.2

ASR5|OsAsr1|OsASR2

OsRML1

OsRLCK311

OsCPK24|OsCDPK14|OsCDPK24

Hwi1

OsSADR1

PCF3

OsCstF64

OsDSHCT

OsPTP2

OsPIANK1

OsSWI3C|OsCHB705|CHB705

OsAsp1

OsNAC5

OsGH3.12

OsACO4

OsGATA28

OsPS1|OsOSC7

PAD4|OsPAD4

OsPDIL1;1

OsPEP1

SDK12

OsPI4K2

Adh1

OsADH

OsDT11

Os_SMK1|Os_Smk1|SMK1

Os11gRGA4

Os11gRGA5

RPR1

SP1

OsSPS11

ASCAB9−A|CP26|Lhcb5

OsZHD4

TID1|SRS5|OsTubA2

NLS1

RBS1

OsBISAMT1

OsNIN−like4

OsGUN4

OsMPK15

OsSEC3B

OsMSL38

BBM1|OsASGR−BBML1

Os11Gsk

Adk−b

OsRLCK326

RSS3

ARK1

OsSIG2A

OsLEA25

RAB21|Rab16A|OsRab16A

OSK1

FLA

OsDTC2|OsKSL11

HAN1

OsDEP

Os6PGDH2

LA1|LAZY1

OsABCI8|TSC1

OsWRKY72

OsSAE1a

RBG1

OsHSD1|LGF1

OsSOT1|STV11

Os11N3|OsSWEET14

SS1|ONAC025

ONAC127

ONAC128

ONAC129

stvb−j|Stvb−i|ST07i

ST01

OsBDG1

FBL55|OsAFB3

OsICE1|OsbHLH002

OsARF1

OsCYP51G1

OsGH3.13|TLD1|OsGH3−13

CHS|OsCHS1

OsRBR2

OsXTR1|XTH2

OsChz1

OsGatB

OsSpo11−5

MRG702

RLI

OsGF14d

FKF1|OsFKF1

OsGRF8

OsNAAT5

OsMYB4P

xa21

OsOSC11|OsIAS1

SR1

OsAIR2

OsCRTISO|ZEBRA2|MHZ5|MIT3

OsUBP21

OsLOX10

Pb1

OsC6

Xa46(t)

Xa10−Ni

XA10

OsGSTT1

OsGME2

OsPR4e

OsCFM3

FON2|FON4|TG1

Gnk2RLK−9

SDG704

OsACX2

TSCD11

KRP3

OgPAE1

OsRad51|OsRad51A1

OsGRDP1

OsELF4a

OsRPP8

LGG

pikh|pi54|Pi−kh

Os−TBT1

Os−TBT2

OsNAAT6

WED

OsPLB

OsPEX1

OsMHX

OsTCTP

ER−ANT1

OsRLCK349

OsRLCK350

OsRecQ1

OsPM27

TIPS−11−9

OsGPAT3

JAmyb|OsJAmyb|OsMYB21

Pikp−2

OsPCBP

OsWAK1

OsiWAK1

RKe

Xa26|Xa3

EDT1

riceXIP

RIXI|C10701

HSP70

OsMT1a|rgMT|OsMT1e

DHD1

OsrcaA1|OsrcaA2

OsUCP2

WDL1

OsPAL8

OsRBD1

NAL3

phot1a

OsRINGC2−2

OsFAD3

OsFER2

LBD12−1

OsTBL1

OsCIPK14

OsWRKY65

OsSCR|OsSCR2

ONAC131

ONAC300

TL

OsMYB60

OsGELP115

SDRLK−8

SDRLK−57

SDRLP−6

SDK3

OsCML3

RIP1

OsVMT|OsZIFL12

OsCPK26

OsPIN1d

OsCBP

OsBOP3

OsIPMS2

DMC1A|DMC1|OsDMC1A

OsPSK5

CYP94C2b

RCN3

OsTGA912

osZIP−2b

OsE2F2

OsBLH1

OsWNK9

RSG

OsPGL1

OsLACS9

OsCBSCBSPB4

ART1

OsPTP1

SDRLP−12

SRT702|Sir2

OsAAP11A|AAP11A|OsAAP16|AAP16

SPL36

HDAC10

OsSAL1|RHL

Ostrxm

OsYUC11

OsGGP

OsBRXL6

OsAAP4|OsAAP4a

OsPRAGL

OsSGS3

PGL12

OsMADS13

OsGSTZ2

RIR1

OSIPK

OsZIP−1a|OsbZIP86

Adk−a

OsNOMT

KAR

FLO11

OsKIX_11

OsJAC1

OsERdj7

OsCCT41

OsSL|LLM1|ELL1

OGR1

NRTP1

OsRBCS2

OsCPn60alpha1|OsCPn60a1

Pita|Pi−4a

MIR

Pita2

OsMAGO2

PPR756

OsRBCS3|OsRBCS5

OsRBCS4

OsTERT

HTD12

Os12BGlu38

CSP41b|LGL1

LARGE2|OsUPL2

OsNCED2

Sci1|PR6

OsFIGNL1

PIOX|RalphaO

HSR201

OsDR11

DEC

OsTDL1A|MIL2

Xa25|OsSWEET13

OsABA45

OsARF24

OsGRF7

OsPuf4

RGA2

OsKS10

OsRad51A2

OsCYCA2;1

OsUPS1

OsATG10b

RIF4

OsbHLH133

OsCLT2

OsYUCCA5

SAB23

OsMYB46

GK1

DX1

TAM1|OsPAL9

SDRLK−10

OsGS3

OsVIL2

TCM12

SDEL1

Osrboh9|OsRBOHH

LDMAR

OsKCH1

XB21

OsNDPK2|WSL12|YSS2

PPS1

RSOsPR10|OsPBZ14

OsPBZ15

OsPR10b|OsPBZc

OsPBZ19

OsPR10a|PBZ1

OsCD1|OsCSLD4|NRL1|ND1|sle1|DNL1

BPH26|BPH18

OsSar1b

OsOBF1|OsbZIP87

COX5c

TCD11

OsBOR1

SPL30|OsACL−A2

OsMT1f

OsMT−I−4b|OsMT1c

OsOSM1

OsHSP23.7

SPL11

OsMT1g

OsMT1d

OsCstF77

OsMYB91

MEL2

OsPUT2

ZFP252|RZF71

osa−miR5791

SAPK9|OsSAPK9

SLG1

OsAPT1|APRT

HSA1a

HSA1b

OsWAKL21

OsCBL2

OsUAH

OsUEV1B

OsOTS2

OsPIL11

OMTN3|OsNAC60

OsLOL1

OSHB3|OsHox33

OsTRBF2

OsARF25

OsPID|OsPINOID

OsZFP213|PINE1|DEC1

OsNCED5

OsPPKL3

OsPLS3|OsGCNT

OsMBD707

OsYABBY6|OsYAB5

OsSpo11−4|OsSPO11D

OsOASTL−A2

PSY2

OsFAH1

OsPR5|Pir2|PR−5|PR5−1|Ostlp

TOND1

OsRab5a|gpa1|glup4

Osgr−rbp4|Osgrp1

MEG1

OsUBC26

OsPAP10c

OsNPF2.2

OsA3

OsCCD1

MAK11

OsNHA1|OsSOS1

OsSUT2|OsSUT2M

1 2 3 4 5 6 7 8 9 10 11 12

Fig. 3  The genomic distribution of 4021 functionally characterized rice genes collected in the funRiceGenes database. Genes collected in the last 
5 years are highlighted in salmon
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database, 4021 genes can be anchored on the 12 chromo-
somes (Fig. 3) (Yu et al. 2019).

Understanding the genetic mechanisms underlying the 
size and weight of grains is critical to the improvement 
of rice yield. Up to November 2021, 162 genes regulating 
grain size and weight in rice were collected in funRiceGe-
nes, including Grain Size and Abiotic stress tolerance 1 
(GSA1), which is a positive regulator of grain size (Dong 
et  al. 2020). Overexpression of GSA1 led to enhanced 
grain size and weight, as well as improved resistance to 
abiotic stresses, including high salt, drought, and high 
temperature. Unlike abiotic stress resistance genes, dis-
ease resistance genes usually lead to reduced yield in rice. 

Among all the 185 disease related genes collected in fun-
RiceGenes, 68 genes were involved in blast disease resist-
ance, 58 genes participated in blight disease resistance, 
while 9 genes were related to both diseases.

Plant hormones are biochemicals playing critical roles 
in the regulation of all aspects of plant growth and devel-
opment, including auxin, gibberellins (GA), abscisic acid 
(ABA), cytokinins (CK), salicylic acid (SA), ethylene 
(ET), jasmonates (JA), brassinosteroids (BR), and str-
igolactones. A total of 623 hormone related genes were 
collected in funRiceGenes, including 171 auxin related 
genes, 142 GA related genes, 126 ethylene related genes, 
105 SA related genes, 101 JA related genes, 89 BR related 

Fig. 4  A comprehensive interaction network comprising 1281 rice genes. Each functionally characterized rice gene is represented as a node 
with the corresponding gene symbol marked beside. Interacting gene pairs are connected by green lines. Representative well-known genes are 
indicated with larger font sizes. A total of 762 genes in the largest interaction network built in the previous study are indicated in blue, while 519 
new genes involved in the largest network built in the present study are in saddle brown. Genes involved in the same biological pathways are 
highlighted by red ellipses or polygons
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genes, 68 CK related genes, and 21 strigolactone related 
genes. Among all the 623 genes, ACE1 (ACCELERA-
TOR OF INTERNODE ELONGATION 1) and DEC1 
(DECELERATOR OF INTERNODE ELONGATION 1) 
are GA responsive genes identified in recent years, which 
act antagonistically in the regulation of internode stem 
elongation in rice (Nagai et al. 2020).

In the last 5 years, the funRiceGenes database has also 
witnessed notable progress in the identification of genes 
related to various phenotypic traits in rice, including 
asexual reproduction and herbicide resistance. BABY 
BOOM1 (BBM1) is an AP2/ERF transcription factor 
expressed in sperm cells, which can induce partheno-
genesis in rice (Khanday et  al. 2019). An apomixis sys-
tem can be established by ectopic expression of BBM1 in 
the egg cell to achieve asexual reproduction of rice seeds, 
by replacing meiosis with mitosis. Benzobicyclon (BBC) 
is a β-triketone herbicide extensively used in weed con-
trol. A recently cloned gene HIS1 (HPPD INHIBITOR 
SENSITIVE 1) encodes an oxidase that detoxifies BBC 
herbicides by catalyzing their hydroxylation, resulting in 
enhanced resistance against BBC and other β-triketone 
herbicides in rice, which would be useful in herbicide-
resistant plant breeding (Maeda et al. 2019).

Updated Interaction Networks of Functionally 
Characterized Rice Genes
Based on the ~ 4100 functionally characterized rice genes, 
a total of 219 interaction networks comprising 1825 
genes were constructed using the approach proposed in 
the previous study (Yao et  al. 2017). In total, 2819 con-
nections between genes supported by 6041 pieces of 
evidence were extracted from the titles and abstracts of 
published literature. The number of genes in the largest 
network increased from 762 in the previous study to 1281 
in the present study (Fig. 4). Accordingly, genes involved 
in the same biological pathway or with similar functions 
were found to be clustered together. We also found that 
genes associated with flowering are still the key compo-
nent of the largest interaction network. These gene inter-
action networks were built by inspecting the concurrence 
of the symbols of two or more genes in the same sentence 
of published literature. The approach and the built inter-
action networks would shed light on future studies on 
gene functions in other crops.

Conclusion
With the rapid advance of rice functional genomics stud-
ies, the funRiceGenes database was updated with more 
than 1300 newly cloned genes and more than 1000 

members of gene families in the last 5 years. Up to Novem-
ber 2021, a total of ~ 4100 functionally characterized rice 
genes and more than 6100 gene family members were 
deposited in funRiceGenes, providing a valuable resource 
for functional dissection of genes in rice and other plants. 
To facilitate the utilization of funRiceGenes, we also imple-
mented new features, including in-site searching in the 
static website and a BLAST interface in the interactive web 
application. In this study, we summarized the newly added 
genes and new features of funRiceGenes. The funRiceGe-
nes database will be continuously updated with new genes 
and new data, severing the functional genomics researches 
in rice and other plants.
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