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SUMMARY

I. Title
Development and Establishment of Database System for Vegetable Breeding
II. Objectives and Necessity

1. Final objectives
O Supporting the effectiveness of molecular breeding for new seed
development by constructing informative database integrating genomic

information of 5 main economic crops in Kkorea.

O Triggering the synergy effect for breeding activity for by releasing
information which is related to breeding from the data created by 5 main

crops(chinese cabbage, radish, watermelon, pepper, and paprika).

O Constructing optimal system regarding line selection and finding candidate

genes for specific traits to facilitate seed development effectively.

2. Objectives of annual projects
O Chinese cabbage is one of the four major vegetable crops in Korea and
forms the fourth largest seed market in Korea following pepper, radish and
onion. Chinese cabbage, cabbage, and radish which are members of
Cruciferous vegetables are the most important agricultural and economically
important crops, accounting for about 46% of total national seed exports of
korea. When we take a look the global vegetable seed industry, seeds
produced by seed companies of the Netherlands, USA, and France show a
high market share. Also, varieties which are produced from 10 Ilarge
multinational seed companies that have been enlarged through aggressive M
& A account for 67% of the seed market. Genome research and high-tech

biotechnology of various economic crops, which are rapidly developing, have
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been combined with conventional plant breeding techniques, and the
proportion of GM crop development and molecular breeding in the world

breeding environment has increased.

Due to the economic and academic significance of the Chinese cabbage
crop in 2011, a multinational brassica genome project has been carried out.
As a result, a genome draft based on the chiifu, which is one of the inbred
lines of Chinese cabbage has been released to world-wide brasscia research
and breeding community. The gene prediction on the genome and the
physical location for each genes have been specified. These genomic
information has become the main basis for the development of molecular
markers, accelerating the molecular breeding using the genomic information

of chinese cabbage.

Korean vegetable breeding techniques and breeders’ know-how have been
evaluated as excellent around the world, but since the IMF, a number of
korean seed companies have been merged into oversea's large seed
companies such as monsanto and syngenta. As a result, since the IMEF,
korean seed companies have been maintained by small breeding companies
or individual breeders, and very few breeding companies have the system
for molecular markers, seed production and management technology,
pathology research and testing. In recent years, korean government has
promoted investment for seed development at the unprecedented level. Also
LG Group, which has huge capital power in Korea, merged Dongbu Palm
Hanong and tried to enter the seed market. In case of Noroo, they
established a breeding company names as ‘Kiban’, investing the budget for
constructing R&A center and recruiting workers having experience for
breeding. Like above case, there are growing interest and expectation for

the development of seeds in Korea.

This project designated chinese cabbage, radish, watermelon, red pepper,
and paprika as vegetable crops with high economic importance in the
domestic and overseas vegetable market and aimed to construct database
specialized to molecular breeding for facilitating the breeding of good
varieties. To realize this concept, we collected standard genomic information
from five major vegetable crops. Subsequently, we reproduced sequential

variant calling data from raw data and established the foundation for the
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2-1.

development of new molecular markers. Also we tried to support the
web-based environment which allows breeders to access information related
to molecular breeding derived from our collected or re-organized data such
as molecular marker information for phenotype data of various traits by
managing the database focused on breeding Through this, it is possible to
improve the efficiency of breed development and to shorten the breeding
period required for breeding new varieties through molecular breeding,
thereby gradually increasing the market share of our seeds in the domestic
market and gradually reducing royalties by using overseas seeds. And in
the long terms, It will contribute to the promotion of national wealth

through the export of our seeds.

First year

A database is a collection of logically related data, organizing its contents
with a highly structured way, and seeking to efficiently retrieve and update
data. Until now, various types of information have been structured, creating
added value by providing relevant information to related personnel around
the world with specific purposes. If the work—forces involved in domestic
breeding are supported by a structured system of information which is
produced and collected with purpose of breeding vegetable crops, this will
be used as a meaningful tool for the efficient promotion of breeding of
domestic vegetable crops. Therefore, we aimed to establish a database of
breeding of five vegetables (Chinese cabbage, radish, watermelon, red

pepper, paprika).

In the first year, we selected chinese cabbage as a model case of
constructing Database System for Vegetable Breeding for 5 economicr crops
in korea. Subsequently, we decided «creating category of necessary
information which are able to be utilized in breeding program with
phenotyping results for interesting lines and their availability in breeding
programs, molecular marker information for specific purpose, and SNP data
derived from re-sequencing data of each lines in crop’'s core collection.
Finally, we designed a way to display data utilized for breeding in the

web-database system

2-2. Second year

Second vyear's project will continue production and collcetion for data
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2-3.

2-4.

related to breeding of chinese cabbage and wupdate them to database.
Therefore, we planned to enlarge transcriptome expression data and
variants calling data from core collection with molecular marker information
which is necessary to breeding program. Based on this strategy, we tried
to enlarge the volume of information which is able to be displayed in
database, and support diverse ways to visualize stored data in
web-database structure in the second year project.

Third year

Since the human genome project, which began in 1990, the whole genome
sequencing project has been started with model organisms such as
Arabidopsis, Drosophila and Rats, and has been extended to and
economically  valuable organisms. Under this circumstance, The
GWAS(Genome Wide Assocation Study) was started to identify the key
genes for specific traits by analyzing the nucleotide sequences and to
identify the relationship between the traits and the genes. In the third
years, we tried to construct system for GWAS by re-sequencing data and
phenotype data from 201 lines in core collection and 23 traits respectively,
continuing works for collection and reproduction of information of chinese
cabbage breeding.

Fourth year

Watermelon is a crop belonging to the genus Cucurbitaceae and is one of
the economic crops accounting for 21.7% of the world’s vegetable growing
area. Although there are differences according to consumers’ preferences in
each sales region and country, world-wide watermelon’s breeding program
1s nowadays focused on largely a series of kinds for traits such as stripes
on surface, fruit shape, and existence of seeds. Whole genome sequence
information and related information on watermelons were released in 2013,
following the case of cucumber and melon. In the korean domestic breeding
program for watermelon, it is emphasized on sugar content, fruit flesh,
functional secondary metabolites, disease resistance, seed existence and male
sterility, utilizing released standard genome information of watermelon lines
97103.

In the fourth year project, we tried to construct watermelon breeding
database which is expected to vitalize domestic watermelon’s molecular
breeding industry, following the case of constructing and management of
breeding database for chinese cabbage.
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M. Methods of studies

1.

2.

Identification of useful traits and the collection and production of relevant
information

For efficient breeding new cultivar by molecular vegetable breeding in korea,
we tried to release integrated results regarding phenotypes or elements which
are utilized in breeding program of 5 domestically cultivated economic crops.
To achieve this goal, first, we evaluated availability of useful lines in breeding
program, and collected case study of molecular marker and patent focusing on
breeding. Also, polymorphisms test for collected molecular marker was
confirmed against lines belonging our own core collection. In case of released
non—-SNP markers, they were converted to SNP marker, anticipating additional
values with two direction, academic and economic, by publishing the papers,
patents and contributing breeding program of new cultivar.

We constructed basic data for development of molecular markers involved in

MAS(marker assisted selelection) about interested phenotypes by repetitive
phenotype evaluation from 'Brassica rapa core colletion lines’. We largely used
result of phenotype evaluation with two direction such as selecting parental
lines for developing mapping population and creating input data for GWAS
research.

Introduction of re-sequencing and GWAS analysis system for lines in
collected vegetable populations

SNP refers to a phenomenon in which a single nucleotide at a specific
position is polymorphic when DNA sequences on the same genetic region of
the each lines in the population are compared with each other. It is known
that the distribution of the variants is evenly distributed over the entire
genome compared to SSR (Simple Sequence Repeas) and InDel(Insertion and
Deletion), and it is useful to create high-density genetic map with this
information.

In order to massively discover such SNP data, it is necessary to conduct
re-sequencing of each plant and to perform variant calling by comparing the
obtained data with the whole genome sequence of the reference. Additionally,
a filtering method for eliminating low-quality SNP that are not able to stably
be utilized as a marker must be considered.

We also tried to establish a pipeline for GWAS by combining the phenotypic
data produced independently with the SNP matrix obtained through
re-sequencing analysis. Also, it is necessary to construct a process to
identify the sequence polymorphisms related to the trait and to evaluate effect
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of the gene containing it in the structure through the computational method
for analyzing results of GWAS.

3. RNA-seq and DEG analysis for finding candidate genes for useful traits
Recently, the NGS (Next Generation Sequencing) technology has become
universalized, and a project to decode the whole genome of organisms having
economic Importance has started and comprehensive information of genetic
map about them has begun to be released. This provides a basis for
confirming the expression level of all the genes located on the genome map
by synergy with the RNA-seq technology for directly sequencing mRNA and
confirming the expression level. In addition, even in the case of organisms
that do not have genomic information of their relatives, it is possible to
identify genes and their expression levels through de novo assembly and
gene annotation. By this techonology, identification of overall expression
profiling of transcriptome is available through RNA extraction from each

samples.

By this system, we are able to identify genes expressed commonly or
specifically from the compared results of RNA-seq expression profilings
which generated from samples under different conditions. Also, this system
can support and complement the result of candidate genes derived from the
QTL results from the mapping population and fine mapping.

We tried to identify the DEG(Differentially Expressed Gene) appearing under

specific conditions by constructing a work process for the RNA-seq data
representing various vegetable crop’s phenotype which we produced or
collected.

4. Constructing database utilizing collected information and reproduced
bioinformatics results for breeding
LAMP/WAMP consisting of operating system(Linux/Windows), Apache,
Mysqgl, and php was adopted as the structure of web-database. We
established a reasonable relationship within the all available information,
which were produced or collected during the project, and constructed a
schema that is able to efficiently search and retrieve information in the
database system. Also, we developed html/php script which visualize returned
results with table or figure, interacting with user's query for deposited crop’s

breeding data in database system.
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IV. Results and conclusion of the research

1. Producing and collecting basic information for the database focused on

chinese cabbage breeding

1-1 Collecting basic information of Brassica rapa genome and its annotation

We obtained standard information for the B. rapa genome which is currently

available to display its information as a basic data for all genes in the

database and utilize it for wvariant calling and expression profiling as a

reference. We conferred the annotation such as TAIR ID, gene description,
PFAM(Protein Family), PANTHER, KOG(euKaryotic Orthologous Groups),
KEGG(Kyoto Encyclopedia of Genes and Genomes), and GO(Gene Ontology)
for identified 41,020 genes in B. rapa genome to develop the search options

for all available B. rapa genes.

1-2 Producing phenotype data of useful traits in chinese cabbage breeding

1-3

We selected Carotenoid, Flavonol, Vitamin C, Glucosinolate, Reducing
Sugar, and Mineral as a list for potential traits of breeding programs in the
future. After investigating contents of each subject, we selected lines
showing high contents for each subjects In our own germplasm.
Additionally, we produced phenotype data for 23 morphological traits within
our core collection of the chinese cabbage by 3 years phenotyping works.

Collecting molecular marker information regarding useful traits of B. rapa
breeding program and converting to SNP marker format

We collected diverse molecular marker informations and their target genes
which are expected to be respected to breeding programs by breeders or
seed company. As a result, we collected marker information for pathogen
resistance(club root disease, downy mildew, TuMV, and soft rot), other
traits(male sterility, self incompatibility, flowering time, plant height, seed coat

color, trichome, environment resistance, and glucosinolate).

After collecting marker information for useful traits in the vegetable breeding

program, we investigated SNPs on the target genomic region of collected
marker withing our re-sequencing data pool of chinese cabbage core collecion,
and tried to convert released markers into SNP marker. As a resutl we
developed novel SNP markers for a series of traits; trichome, seed coat color,
lobation and GMO evaluation.
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2. Bioinformatics researches for constructing database focusing on breeding of
chinese cabbage

2-1. Variants calling from chinese cabbage core collection
The production of high—quality variants information on the chinese
cabbage genome was started from the first year project. Now, this process
was applied to 201 lines in our core collection(B. rapa spp. Pekinensis: 148
lines, B. rapa RIL population: 26 lines, others: 27 lines). As a result, we
produced re-sequencing data with genome coverage of 137X for chiifu, 30X
for two elite lines, and 10X for other elite lines and 3-5X for others of
chinese cabbage. The re-sequencing data generated by each lines were
individually compared with the standard genomes of chinese cabbage
through the GATK pipeline, and the variant calling results of each lines
was integrated. Finally, a total of 1,888,669 SNP positions in the cabbage
group were calculated by our own re-sequencing data from chinese cabbage
core collection. Also we initiated to create the basic system for performing
GWAS research by combining analysis result of re-sequencing data and

phenotype data from the 23 traits.

2-2. Producing transcriptome data of chinese cabbage
After extracting RNA from five tissues of Chinese cabbage(young leaves,
flowers, roots, inner leaves in the head, outer leaves on the head surface),
cDNA library was synthesized and RNA-seq of each cabbage was
performed. Subsequently, the pipeline was constructed in the order of read
quality check, quality trimming, read alignment, expression value calculation,
and normalization for calculated expression level from the transcriptome
read data of the chinese cabbage produced from RNA-seq. When we set
the young leaf as the standard and calculated DEG for other 4 tissues, we
found 2,442, 2,646, 268, 866 DEGs from flowers, roots, inner leaf, and outer
leaf respectively. Additionally, we conducted RNA-seq for two lines
showing the strong difference for senescence aspect to identify key genes
involved in product senescence of chinese cabbage. For the sampling, we
extracted RNA from leaves before harvest and repeated identical work with

4 weeks old leaves after harvest.
3. Database construction and management based on results of bioinformatics

researches for chinese cabbage.

In order to utilize and visualize the information related to the production and
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collection of information for chinese cabbage breeding, a basic frame of the
specialized database for chinese cabbage breeding was constructed in the first
yvear. This database reflects the breeding information and bioinformatics results
of chinese cabbage breeding which have been produced until the third year
project. Chinese cabbage breeding database contains genome browser,
web-BLAST and search options based on keyword system to allow users to
access Into information regarding standard genome and breeding for chinese

cabbage.

Through the genome browser, all the deposited information in the database
such as sequence information, variant calling data, and gene expression data
can be browsed with respect to a interested gene in the standard chinese
cabbage genome. In addition, molecular marker information for marker assisted
selection (MAS) was collected and visualized on 10 chormosomes of chinese
cabbage. Sequences of molecular markers are arranged at the bottom of the
screen so that breeders can easily select phenotype related markers and utilize
them to their work. Also, We utilized SNP information derived from RIL
population which was developed by two parental lines; chiifu and kenshin to
support information regarding MAB(Marker assisted back-crossing) and BIN

map.

4. Construction and management for BrTED.

Transcriptome data for various varieties of chinese cabbage that are available
with agricultural purpose from world wide researcher’s work are currently
available for viewing and utilizing from the macrobiological information
databases such as NCBI. However, general researchers don’t have knowledge
and a considerable amount of computational resources to process analysis and
interpretation for the deposited transcriptome data. A database of transcriptome
of chinese cabbage was constructed with the aim of solving the technical
barriers that general researchers might face to.

Total 92 transcript data reflecting various conditions were collected and used

for calculating DEGs within diverse combination of samples from the total of
10 published experiments. The annotation of 41,020 genes of chinese cabbage
was connected to DEGs which are extracted from the specific conditions in
the database. In addition, a system for enrichment test of KEGG and GO from
calculated DEGs by the web-page was constructed in the database platform
so that it could be utilized by users.
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5. Database construction and management based on results of bioinformatics
researches for watermelon.
Annotation of 97103 genome information, which was used as a model of
whole genome sequencing project of watermelon, was performed using the
latest information. Based on 97103 genome information, we produced variants
calling data for SNPs within 20 lines of watermelon and expression data for
usefult traits such as rind, flesh color, male sterility. All the reproduced data
1s opened in the database platform following the methods used for case of
breeding database of chinese cabbage. This system is possible to visualize
data involved in watermelon breeding and search gene's information through

the current genome browser and web-BLAST.
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Back-crossing) DB9] +=.

S 213 GWAS(Genome Wide Association Study)®] 7]14F Al 2~

LD(Linkage Disequilibrium)< ©]-&3%+ v RILSY FdA] Ax=3 AH &

2] 9 Haplotype X %43} DB T-%.
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A1™

H 3 g g-ngsd LHE 2 21t

W2 §F 531 HolHH o] A(DB) 5= A% S

T 7Rt AR A R A

e BF HAA AR, £F #d Fue 3 2 AN
FAA, BAvEAS dolelulol 2 THE A AT

N
~

(R

O o O [ S (o o ¢

=]
FE AN FARZA FHAA 129 FE Be AFYS
Agolh, EH AAHoZ PA Fest FeluwA wE:
AFAEZ  AYE 4 gHolth $¥ wWF 4F
FANAANN AFET o we FAZAAL 2] AdAE dda
R EFEC] A&Hom Awolo} At olF SAsA

o
S FANGANA FYHOR o Fold FHl AEFZYAe] RAv}
)

=

=AW S A AU E BN ZEAE
FTANHARA7] WZE(MPGSP, 2011) w5 A% A7 2
oA HAE7] w$ £ 1S
Gt A AR o] Jted A=

hYA
AL
g 7l w5 A el SNP 23 # 29 o]l &HA A

¥ 1L F 22 FAA R 34 AR A7 b HolHHo|x
8

EEEERE

delg F% EECEEEE>S

Genome data,

Brassica database Predicted gene, http://brassicadb.org/brad/

Raw reads, etc.

The Multinational

Brassica Genome Project

Data links, etc. http://www.brassica.info/

SSR database,

Brassica EST Database SNP database, http://brassest.cnu.ac.kr/
Unigenes, etc.
Brassica Genome Genome sequence ) )
, http://brassica.nbi.ac.uk/
Gateway Unigene set, etc.
EST data,
BrTED Unigene sequence, http://brted.rna.kr/

Tissue specific EST set, etc.
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£ 2. 738 A4 84 e SNPs 2%

Chromosome Homotype SNPs Heterotype SNPs Total SNPs
A01 4,526 3,231 7,757
A02 735 446 1,181
A03 6,240 3,634 9,874
A04 2,238 1,348 3,586
A05 3,011 2,292 5,303
A06 4,570 3,663 8,233
A07 4,110 2,633 6,743
A08 2,071 1,253 3,324
A09 4,201 2,929 7,130
A10 3,683 2,531 6,214
a00 11,243 18,895 30,138
a0l 3,360 3,045 6,405
a02 5,602 3,879 9,481
a03 263 96 359
a04 2,088 1,809 3,897
a0b 2,680 1,964 4,644
a06 1,687 1,078 2,765
a07 1,051 776 1,827
a08 3,228 2,734 5,962
a09 4,287 3,305 7,592
alo 213 157 370

Total 71,087 61,698 132,785

% fg 9o 1A

J

e 4

.

ne A 2

(D). Mi5=¢] & 2ol e Y Aro| it

12} dEo= wjFe
Carotenoid, Flavonol,
Mmﬂﬁg“ﬁa@~i%ﬂﬁﬁﬂL4%ﬂﬂOhﬂmﬁ<ﬁ%%%

UERERER

ABre] AR
27

RE

A

m

(o
ftlo

Wistel 5%

o ==z

,_x_

[g= Rt

A s,

ZF
Zral

i

Vitamin

AA R ThsAES

kol A 9
A} An $8837
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(7} Carotenoid

E 3. 49 &2 2A9 Carotenoid 4 A=}

(ug/g D.W.)
Access No. Average

11639 33.54
B-carotene Chinese cabbage 11640 19.92
11707 41.58
11639 2553
Lutein Chinese cabbage 11640 14.56
11707 34.75

(1}) Flavonol

% 4 739 $F 2A9 Flavonol ¥4 ZA3}
(mg/g DW.)
Access No. Average

11639 019
Quercetin Chinese cabbage 11640 018
11643 015
11639 0.07
Kaempferol Chinese cabbage 11640 0.07
11643 0.06
11639 0.26
Total Chinese cabbage 11640 025
11643 0.20

(t}h) Vitamin C

¥ 5 3" §F 249 Vitamin C 4 23

(mg/100g D.W.)

Access No. Average

11636 13491.86

Vitamin C Chinese cabbage 11637 1255848
11644 61251.05
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(2}) Reducing sugar

% 6. +8¥ % 249 Reducing sugar 4 23}

(mg/g DW.)
Access No. Average
11695 2421
) Chinese
Reducing sugar 11696 336.6
cabbage
11697 281.7

(7}) Glucosinolate

¥ 7. 539 §F 2A9 Glucosinolate ¥4 A3}
(umol/g D.W.)
Access No. Average
11495 0.67
Methoxy Chinese
o 11496 1.32
glucobrassicin cabbage
11497 076
11491 163
o Chinese
Neoglucobrassicin 11492 117
cabbage
11493 044
11488 214
o Chinese
Progoitrin 11490 115
cabbage
11491 1.63
11495 0.67
) Chinese
Glucoraphanin 11496 1.32
cabbage
11497 0.76
11499 213
B Chinese
Gluconasturtiin 11500 1.73
cabbage
11501 1.69
11503 273
o Chinese
Gluconapoleiferin 11504 045
cabbage
11505 1.25
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Access No. Average
11710 1.41
) Chinese
Gluconapin 11711 061
cabbage
11712 117
11685 011
) Chinese
Glucocohlearin 11686 045
cabbage
11687 0.06
11712 117
o Chinese
Glucobrassicin 11713 0.79
cabbage
11714 0.45
11488 214
) ) Chinese
Glucobrassicanapin 11490 1.15
cabbage
11491 1.63
11483 1.21
) Chinese
Glucoalyssin 11484 082
cabbage
11485 0.85
(¥}) Mineral
¥ 8 ¥ &% &A1Y Mineral 4 A3
(ppm D.W.)
Access No. Average
11602 14660
Ca Chinese cabbage 11603 18370
11604 13170
11605 29680
Mg Chinese cabbage 11606 15490
11608 25410
11609 204
Mn Chinese cabbage 11610 86
11635 144
11672 56.45
7n Chinese cabbage 11673 55.15
11677 1234
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Access No. Average

11673 7315
Fe Chinese cabbage 11677 671
11678 702

P gk %35‘_*% %‘3]] sl P digk FHAt 741"?—9}
% : PAo| tisiA = =

gt AHE TH5M o™ (Hatakeyama et al, 2013,
Jin et al, 2014, Farinho et al, 2004) 2 <o A= FHAES,
2713k d (Chase et al, 2007, Hiscock and Mclnnis 2003) 18] aL
Glucosinolate®l] st A B E 333 th

228 =& 124 dxe =39 JHdEF M), =%, 94, o4,
Agde disll Asle wdRANE FE #A- =wddA FEd #A-
candidate gene®] X} RAIY HAo| AEH EAFALY AHHE
AATHZhao et al, 2010; Li et al, 2013; Rahman et al, 2007, Zhang et al
2009). I=FE, w59 BdY #FH s5E 53 2L AH FAY i
EFAA AEEHD e ALY ARE d& 5 ek 1 543 34
AH

e 3% 99 Zk

e e oﬁ

E 0. 2H8 ATH #A% R EANA An

qEA AT EE _
EN 2R E N - . 2 X gH
TR FAXF

RFLP, RAPD, SCAR,

CRa
STS, RAPD, SCAR
GC2360/GC1680 STS
Crrl SSR, SNP, InDel, CAPS
a5 Crr2 SSR, SNP
Crr4 SSR
Crr3 RAPD
CRk RFLP
U A CRc RAPD/STS
CRb AFLP/SCAR
TuMV-R
TuMV TURBO7 SSR
N BraDM RAPD/Isozyme
- O
BrRHP1 SCAR/InDel
FE54 Pinll/aii -
78 A4 SAAEY GMS AFLP, SCAR, SSR
AAEY BrRF1 -
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HEH EAA Ex

= as= E X B =] 3
“l/%] T “Ié E.-ﬂ-?ﬂX]—%‘ ]'EIOEH
2} 712 3} 5+ A SLG, SRK,SCR/SP11 STS
7N &h7] FLCI SNP
A TG 1 SCAR
EL CKX5
& A = =
=] g CRE3 SNP
GL1
EGL3
1=
= TTG1 SSR
TRY
BrCSR
- 2] & % sOL/H _
&7 A=A 0sAOXIa
A gkA §
a A BrSSR SSR

(7h) Ematol= Hlol#] 2~ (TuMV)
TuMVE w33} 22 $8% &2 2 4
A<l
iz ow HAEEg Fujr)7F Eote
Aex ETES $A3= Aol AHF ETJr 40&
il

S5 (gauzEs]. 5%
84

]
SSR ZilolmE  olgale] wWF &Rw H
o
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At 5ol we 93
vpolg 2~ o e %ﬁ}’MMV~ 5 &
B3k gA7E ofHo whebA
o2 HrhyE

= =
ETZIZ;

WA elxtel Akyd SSR wpA o] &3 wi=E
AE ghol WA A9 oW MAE
AgsA TEE £ ogon, §F Ad B5S
ST F U

HE 10-1311249)¢F =++(Jin et
wag ny) ARE

= =X -
= L

stk =39
Hho] 2 2 (TuMV-C4)
gro =z npo]y 9]
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# 10. 349 w5 TuMV WA #EE§ SSR Zo|y HFH

ool v] 3 AL 6-3) ZZHE (bp)
KS10960(F) TCTTCACGCAATGGCTTT 266
KS10960(R) TCCCCATTAATGACACGC
H132A24-s1(F) CTCAAATAGCAACGACGCAT 279
H132A24-s1(R) CAGCAGTGGGATATCGGG
wosmeolv] AEL 44 VAR WHA dAwe] 39 A% FF AER
W) Gy SEUEC WIS AR JHAG. pd, o9y [
o4 FENE( WE)WS el A i Fold Are A%A

£ 11. TuMV W34 #E w7 7t ASdE w5 &4 A8

ol A& i

1 VC-1 TuMV H®7d DH A&
2 SR-5 TuMV °|®7d DH A&
3 VCS-3 F1 A-E(VC-1 x SR-5)

()

ol

%

3
x

2 &
o

>

to
rtw 1-4 St

&)
v}k

rSL'

o] T 6/ RPP #4d# v 44 Y27 22 HAh HH S

W A pAsle] f1 wAGNA wdW AP 2WRE Fo PA

A FAARFTE EERq o BraDMo] A8 A3 1 (Linkage group)

A= Aoz AT AANE dACA =y AFAHS 2HE=
FHARF BrRHPI0] 813 9o o9t #H® SCAR A7} H

At

£ 12. FRHE WF =09 BAZEXY Zoln AL

e A Frd A dig FHes A X8

ATt 53|, A (Brassica napus)$t 4w 5(Brassica oleracea) | ~]
19] A@Ade]l BuEArt f7del s = A4S e
= 2009 FARF RPP(Recognition Peronospora parasitica)’t 2r¢1% ) it

’

it

ofk

2)
ol

At
o

al

==

Zefol g @714 (5-3)
OPAO8 GTGACGTAGG
A-F1 CTGGTTTCTTCCTTGCATTGCCCGATA
B-F1 AGTTCATCGGTTTGAACCGGCTTGTTG
Co-R1 GACGCCGGCCTGTTGGTAAATCACAT
BN-F1 TCTGAGCTCCCGTCTAAGTTG
BN-R1 TGTCCAACATTCAGCAAAGC
G17-F GCGGGTTGACCCCTAGTAAT
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TGCAAGTTGTGTCGGACAAT
ATACCAAAAGCAACGGCAAC
TGGGGAAGAAGGTTTGTTTG
GAGGCAAGAACCTTCTCCAG
TTGCTCAACATCATCGGTCT
ACAACATTAGCAACGCACCA
CTTTTCTATCGCGCCTGAAC
TGTGGGAGAGATAGGGTTGG
TTTGTCGGAGGGATCAAAAA
AGGTTCGACCACCATGACTC
TGGGGTGTTTACACAAAGCTC

HMF =@Bol AT FANE ATHE Folste AR, L olsh ABT BX EA.

G17-R
M22-F
M22-R
N18-F
N18-R
MO5-F
MO5-R
J11-F
JI1I-R
A03-F
AO3-R

E

10-2012-0136772)

R

,mo
i
nH

]

o
s

AA F= 39 ¥ 7}

=
=

3

%9 3]

g2

o

=3
Bl

)

ol

12 uE gt o8] e ]

o]

s A

5

Aol A ul

'

al
=

jruge]

il

)

Ak 9]l

22 -2 Pinll (protease inhibitor II)2]

BrWRKY12 7347}

ai

<

e

N

A2 2~ sp. GHO2 2 aii(autoinducer inactivation) %%}

=

]

2

| .
|

b Y AABA e

i

o] £ 3l

3. 10-2011-0069351)

=

=
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—I T35 H Bar Kmss P3sS BrWRKYI2 T358 pBIGWT

¥ 2. 8|3 BrWRKY12 #2¢3d ¥ EAE (3553, 10-2014-0094167)

|| acss |- =® :>4| 355 Wﬁs rgﬂ?% = H e H :-pxzr>_¢ == |-

Scal HooRW SHordl IL | Sercd ool Szl

29 3. Pinll+Aii 13 T-DNA d99 =A% (WFUF59. 10-2011-0001312)

== "Qr
& E3 FPE Akl 548 PrhsA

E 13. &89 w3 CMS Type €4 EYHE #E & A K

92 (CMS)el Hstel AR A
FAAD D B ) RFRAE

xZgtoluwy FEAMES A7] (bp) T Reference
Brams A  1,302(CMS)/1,000(MF) CMS<} MF -4

Brams B 1,020(CMS)/963(MF) CMS<¢} MF &

Brams C 303 Ogura CMS +& R EAe
Brams D 1218 Ogura ¥ SNU3 CMS & 3]
Brams E 660 Polima CMS (F7/IHZ10
Brams F 666 Polima CMS % ~2012-00411
Brams H 513 Polima CMS -+ 92)
Brams G 825 Polima CMS

Brams K 891 SNU3 CMS &

E 14. 39 813 GMS Type $AEYA HIE vH AR

o]y T3 =] A7) (bp) T Reference
syau_scr01 378(Ms) GMS +¥# o3 2 E 5
syau_scr04 204(Ms)/208(ms) GMS % (AW 510-2
syau m-13 296(Ms)/300(ms) GMS T+ -
CNU-m273 271(Ms)/273(ms) GMS % 010-0117170)

g 12 FdE wF CMS BHY SAAELAH #AEE mAE
Fo]l™ Brams D, Brams K w7+ Ogura 2 SNU3 CMSE +
o)
=

wdgolehs B2 Al e = Bl Jhsd AR 3

_2']_

2 ouAe  AS CMS/GMS  types = = 9

AGol AEE KF RAE F 340l oo $HEAY VIt TR

H7he



MF
M 12 3 456 7 8 9 MI1011 12 1314 1516 17 18.19 20 21 22 23 24 2526 2728 29 30 31 32 3334

Bra MS A

Bra MS B

Bra MS G

Bra MS H §

Bra Ms K [HIPRRN '8 P T T T

() cms
() Type EH(CMSZ =7)

a8 4. #3849 9 F CMS Type 2AEYAH B2 & n#A H7}

E 15. vtA H7te] AHEE wjF &A AR

Sl 2 TEHE 27 AR
1 CNU_143006 Chiifu(MF)
2 CNU_11374 Akimeki(Crrl and Crr2 homo, CRb hetero) F1
3 CNU_29008 MS AB line
4 25045 1-30, Reh (Mstl), Ogura cytoplasm source,
ABlaa
5 25046 1-31, Rcb (Mst2), Anand cytoplasm sourec,
ABlaa
6 25047 1-35, Ant(7) (mst2/mst2,mst2/MST2), purple,
Aaa
7 25048 1-107, anl/anl, Pan(6):Hir(1) (mst2/1:1),
nonpurple
8 MS-2 FHER
13042(MS
9 o _
maintainer)
A A 227 7)o

10 - 34 SYC_14XXX

=2 7 =2 —}IIH X}"d
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(mh) A7F &3k

NCBIZFH 7] B3¥ S locus #¢d 7|4 LE3} 53] AR 2AE T3
TME vbA ARE FHSAY. wFol A ArF EstgAd Y d-e] Qe
SHA2 SLG, SRK, SP11 To] 9on, % 72%9 #d 42 Ado]
RuEddo. 89 ARs w3 §F344 AR nus 53 ST LA
SI type A1 &8 7M53tEsE 7Ha 5 AT
¥ 16. =39 93 A7 2334 AHE HEgZE A Zgoly AR
Mglo|m g 47144 (5-3) Reference
BrSRK22 GCATACCAGGGGATCAATAT
BrSRK?25 GTGCGATACGTACAGAGCG
BrSRK46 CTCAAATAGCAACGACGCAT R R
BrSRK54 CAGCAGTGGGATATCGGG (55 ©10-1413116)
BrSRK55 ATAATCTTGTCCTCCTTGAT
BrSRK AS-1 GCAGCCAATCTGACATAAAG
(v} W3}~
£33 AR 2AE 59 wiF & AEY JEA FAA FLCI ™
A ARE e o] mA MNEE FLCI w4AA2] oA WA
ALy}l QJERo] A% 1“ HE g9 EA8= SNP &lo] 71F3s)tt,
¥ 17. FLCI #AA #¥d X917 R
sepoln] 2d ZZ 380 27] (bp) T
1, 8 169
2, 8 169
3, 8 169
4 8 169 oA =H A ExonJJr oA HA Intrond
’ Splicing *X] 9} ¢] SNP =¥
5 8 169
6, 8 169
7, 8 169
9, 10 206 oAl WA QlEZ Ulo] 9= SNP 2
oA A A ExonJJr oAl WA Intron?]
11, 12 206 Splicing A9 2] SNP 5A] 24
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¥ 18. FLCI F3A #E S 918 SNP X9 FHE& zgolv AR

xglolm g G714 (5-3) Reference
1 ATGTTTTNNNTAGCCAGA
9 ATGNNTNNNTAGCCAGA
3 ATGTTTTNNNNNGCCAGA
4 ATGTNNTNNNTAGCCAGG
5 ATGTNTTNNNTNGCCAGG o skl = 5
6 ATGTTNTNNNTAGCCNGG W32 5] Bk 7]
7 ATGTTTTNNNNNGCCAGG o wEE A=
8 AGGCTCCCCAGATAATATGT (&2 ©10-2012-0061704)
9 AGGTCGCAAGCCTATCTCT
10 CCGTAACAAAAAAAACTTTAGTTAT
11 AGGTCGCAAGCCTATCTCC
12 CCGTAACAAAAAAAACTTTAGTTAC

WAe AR WAE 96 AN FPF FAAAS A 7
EQIS 24T ARAN WIARE URE SA9 2A% 27103
e 5709 e A ekel vk Al o] gt

=
=

(il R

Jou 7

£ 19. wA B7tol AHEE wiF &4 AR

s ad 5EWs I 1) 54
1 120012 NLDCGN_CGNO06817
CNU_11387 OHCR
CNU_11380 CR-GJ !
4 95084 ﬁd‘l‘l%iﬁi O’?:I i%}‘i?} - sang
5 120031 NLDCGN_CGNO06790
6 CNU_28064 caixin
7 CNU_28067 7062282 / W&A
8 27077 Pusa kalayani Z7] W3k
9 28732 Brown sarson Tora Type
10 CNU_11418 HKC-005
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A B D b A o D b 1S
BN R G A S SR OO ST I ) A

-

¥ 5. FLC1 §4x #¥ & 93 SNP v# H71 23

i
FOAe RE BA A wdd FAE D= EFFo] EAlst], A
EEEREE RS ST & = R E T R SR SRR
e FARG wgAe] F9E b F49) ol 2 T Feol
= Utk §% AR CYIT7-12(4) - AL F99 Y195-93(B) -
= o]gd A7t muH gt

¥ 20. 983 d#E SCAR vl#A AR

3 gho] g Zetoln 71 4d (5-3) Reference

JF39 CCGCATGTTTCACCAACC

JF40 TGGCCTTACATAGTGGAAG

JESG3 ATAGAAAAGTAAAGGTACTCTCTT

JES5G4 GGTACTCTTTTTAGTGCGA Zhang et al. 2009. Plant
JF5GH ACCAGTTCCTTGTTCGTTC Molecular Biology.
JE87a GTCCCAACCTGCGTTCTA

JF106 CAGAGCATAAATCTCCTGC

JF106b CCAGAGCATAAATCTCTTATG
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Wg9Ee Bd wed TENs=e grNa ARAgem e
A7IAE of7|d dHeolguHleol~e  BuwE Fs AT5HG26680,
AT3G62850, ATHG63330, AT2G191109] = 47 F4dAx AES
L]
(oh) 274
Mo 2o FAYdel e dehim A ®A zAs 53
A8e Ed olsh wed #AAHE & /e QTL A7 SNP HnE
4 sl
¥ 21 23 #4Edd F 709 QTL A ¥
QTL LGs .Conﬁdence Marker interval Block Reference
interval (cM)

gPH1I A2 0.5-15.2 cnu_mb616a-Atbg12290 R

gPH2 A3 7.3-9.7 ACMP00100-ACMP00396 R

gPH3 A3 40.8-44.4 cnu_m?288a-ACMP0O00&7 J )

GPH4 A5  67.3-865 ACMP00868-cnu_m029 j Lietal 2012 DNA

gPH5 A7 92.6-104.0 cnu_mO056a-cnu_m308a E

gPH6 A9 138.2-139.6 cnu_m356a-At2g20490 H

qPH7 Al0 11.9-26.0 ACMP00858-nia_m015a A

¥ 22. QTL A Y9 9 A3l= plant height®} #H = putative candidate genes¥ SNP

Block B. rapa gene SNP
Gene family Gene name (LGs) At gene ID ?D 8 location Reference
(number)
Geibberellin biosythesis GAZOOXB R(AZ) AT2G34555 Bra028706 -
L G CRXS E(A7) ATIGT5450 Bra0lssdz  Lhwon &
ox1ddse/deh{ydmgenase exon (2)
) CKX1  J(A3) AT2G41510  Bra000229 - Li et al. 2013.
Gastl protein homolog GASA1 E(A7) ATIG7575 Bra015820  Exon (1) [)NA Research
) GASAl1 E(A7) ATIG775 Bra003743 Intron (2)
GRF3 J(A5) AT2G36400 Bra005268 Intron (1)
Growth-requlating Intron &
factor GRF3 J(A3) AT2G36400 Bra023066
exon (3)

¥ 23 =%oA dA tARA" SNP w#

Primer sequence(5’-3")

Primer name  Maker name Forward Reverse SNP Type
SNP-Bra023066 SNP-GRF3a CATTCATCATGAGAATATGCTTC CATATCACAGATGAGATCAC Clj%hclllaf;l é
SNP-Bra015842 SNP-CKX5  TGGCCCTATCCTTATCTACCC — AGAGAAAGATGAGCCGACGA CR}g‘:)fF g

¥ Li et al. 2013. Quantitative Trait Loci Mapping in Brassica rapa revealed the structural and
functional conservation of genetic loci governing morphological and yield component traits in the A,

B, and C subgenomes of Brassica species. DNA Research
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£ 24. vtA o] AHEE wjF &A AR

Skl A AR
1 Chiifu 401 - 42
2 Rapid Cycling B. rapa (RCBr)

¥ 25. vt W7be] AHEE wjF &2A AR

TH A TEHE oA AR
1 CNU_143006 Chiifu(MF)
2 - ReBr
3 - a4
¥ 26. 98 A9 positive regulators
Positive regulators off 7] i Hlj 5=
RZR3 MYB transcription factor GLI — AT3G27920 Bra025311
WEREWOLF (WER) AT5G14750 Bra008740, Bra023486
MYBZ3 AT5G40330 Bra025589
bHLH factor GL3 ATHG41315 Bra025508
EGL3 AT1G63650 Bra027796, Bra027653
WD40-repeat factor TTGI ATHG24520 Bra009770, Bra029411
GLABRAZ (GL2) AT1G79840 Bra003535
TRANSPARENT 1E5TA AT2G37260  Bra005210, Bra023112

GLABRAZ (TT1G2)

¥ 27. 449 A9 negative regulators

Negative regulators ol 7] Hj 5=
CAPRICE (CPC) AT2G46410 Bra004539, Bra039283
TRY AT5G53200 Bra029089, Bra022637
ENHANCER OF JBY AT1G01380 Bra032635
ETC2 AT2G30420
ETC3 AT4G01060 Bra037388, Bra000941, Bra008539
TRICHOMELESSI AT2G30432
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¥ 28. Trichome A F8& F4A Z&ol AR

ZFEaEe
Zgloluy ;7] (fp-j T Reference
Myb-like protein, helps in
GL1 259(ms) induction of trichome
development
GL2 289(ms) positive regulators
EGL3-1 235(ms) positive regulators
EGL3-2 266(ms) positive regulators
B . Nayidu et al. 2014.
TTGI-1 910(ms) WD .40 protein involved PLOSone.
in trichome development
TTG1-2 937(ms) .WDT40 protein involved
in trichome development
TRY-1 212(ms) negative regulators
TRY-2 298(ms) negative regulators

(=) A AgA A4 F4
AL AEA #E AR BrCSRel 20149, Yu et al ol
DR = U Hol A AFE AOX #HH FH o] B3

= OsAOXla7b Al A &4l #d = QTLA vi-¢ = atA

M2 A3 Sle e B, ol EdiZ jFelM AOX §4
U ESTE oz tddAdS Hole e #4 w77 BaH At

oftt

¥ 29. AOX #¥ A& A4S T3 ALd 419 E& wA HE

AOX Marker Primer name Nucleotide sequence (5 — 3')
AO8_F ACCTGCTCCGGCTATC
AO8 (DN963778.1)
AO8_R CGACCTTGGTAGTGAATGT
AQ9_F AGCGTGAACACTTGGATCT
A09 (EX098853.1)
AO9_R GTAAATCATCAAGAGTAACGATTG

AO10_F GACAACACAAACGTTAACGG
AO10_R TCAAAGCGCCTGAGAGAT
AO11_F GCTGGAGCTTCCTTTAG
AO11_R CCATTTTGCATCTGTAAGTG

AO10 (ES930525.1)

AO11 (EX037292.1)

ZhH 9 ARAE 2 dx g A" AR 2 A v
W3 a2 AEE o] &3k 24K Oligo microarray chip2 ©]-83F
B7F Alds Fe AR, 4 A, dx A #-E AR 3
ol AHAA @ 2 Ax WP AHSt FHA dH AES g
T3k A A T §-H12 BrSSRe] 2013 B E Qi)
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® 30. i 7 @ AFAE #E AR BrSSREFH ATd A #A

Primer name Sequence (5'-3")
BrSSrR-F ATGGCTTCGTATTACTCTGCGT
BrSSR-R CTACGCGACCACGAGTGTT

(3) HFe] f8 G P BRuA Aol 23

32k d=(20159) Al 3 Al 22 dx A F3 AIE AA 5T
Web DBol g2t gon, ZAS BEAuASS o]4dte] WA
di= AdES ol vHAHIES WY sdew, dF 8 Al

stel MEoE AET + At SNP AR Awsidc

7h o g

22 JX= (201490l = d 2o #H
4 AE Alo]E TAIREYEH 7] B
W Fo] Mz 2% (homologdh)
BRADOIA g<¢lsle] 71 ARE FH&5

37 J=(2015)elE 23 dx BARAE T 7" vt 4
F7I2 8 2AME 8 149 mAE F7F 8893, SNP v 271
MdstA e (E 31). WAL #HAY = g
37HA o] wMjFE A EE ol&ste] FdAT AAFRE e RoHE
32). A H7b 8 A3 Z24dd <
AR THH 6).

i

THEALE o 1 A3 {3
H "=(trichome) ¥Hd 4 A
=

s A dolEuo] X

o
2
)
kT

i
ro

31 ¥ 2 &4 A5 J/idd SNP vA AR

e EERLL TR A
1 SB664. SB665
9 SB666, SB667 76 1

¥ 32 948 FAo NI AqupAY AAY FUlo ALSE WF 24 R

Sl A R
1 ] -
2 RcBr
3 7]
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a)

038
0.6
04

02

Temperature Normalized Fluorescence

b)

08
06
0.4

02

Temperature Normalized Fluorescence

Shifted Melting Curves

RcBr
- A
I~ AL
B | 1 1 1 1 1 | 1 | |
86 87 88 89 90 91 92 93 94 95
Temperature C
Shifted Melting Curves
T T T T T T T T T
RcBr
i 4
- x5, 4'
B 1 1 L 1 1 1 1 1 1 1 1
88.5 89 89.5 90 905 a1 915 92 925 93 935
Temperature C
a8 6. 949 ¥3 #H A9 /iEd SNP vtA HA 43,
a) SB664, SB665, b) SB666, SB667
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() 7—|L(Lobat1on)
== EP7bEA AEoln, o FHH, A T
‘IQI‘;ﬂX]'v‘J'ﬂ' gral gk, H APgAFolA wF #ZEolH x4
ALl of 7ol Al 2le] FEjo] wel ¥l ¥ Bolting time, Budding
time, Flowering time®] 37F4 <432 FHA7E RuHdok AT
HjF s o FegE Z2ASE FHEEd FAAF= TAHAA T
Aeret A= WEAA &kt

o
2
ol
rr
oZ
)
ol
iy

i Tl

AggAo A Bolting time, Budding time, Flowering timeo] <%
FAHA  FAAAQ  BrFLCI® BrFLC2  early-flowering parental
linedl Al BrFLC29 Y& 2dS dod + d& 37h1e] SNPES
st 3 2ol lobe depthet 9]  hairinessel  thal
GIBBERELLIN 20 OXIDASE 3% X3+ syntenic 993 AX|3s}=
stve] Fo FAFE FHAFe BrGLIE Edee 78 dHFA
FA1AF7F g e et (Li F, 2009). Erucic acid % Glucosinolate $}
Flowering time, <% 1;1 WA A ool FHE(E Aol FE= ZHo],

FAAF7E RaEQom (i X,

T5 % dARF do &

2013) 53], ¢ B l w2 g % sheFyt 334 <, Flowering time©]
dopdivta dHA Aok wekA o] RS ARl Tad A7
gl 3 4 9 SNP wkA 370E /s

ul7 Ao o] &3 TR GAAE GASA AGL 27FAolw  AlqtulA ¢
AR Ay A7Zbo] & ReBry Zzbo] gl A F-(chiifu) 1Foll zbo]E &2l
o AdH (2" )

¥ 33. 274 ¥& #4 A5 /NS " SNP v1HA AR

Zefolv g FHAAAY
14
2 GASA
3H AGL

¥ 34. 27 32 #d AvAY FAY Frbe] AEE wWiF 24 AR

= A AR N
1 RcBr 247 J&
2 A| H-(chiifu) A7y &
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O 1 07| 24 Op7{tH= 3%

Fateg bhsirg Cirvid Jodthainng (oot v W oo

L ST SRS S —

i
!.'
!
'I.
]
I..

H [ N
Taspuiian &

I3 7. SNP(Single Nucleotide Polymorphism) ¥4 Z# =
(MZ+A : Chiifu, 3] A : RcBr, 1. 29 : GASA gene, 31 : AGL gene)

(t}) GMO 35S promoter %% SNP w}7]
35S promoterv= A& Eo|xow 7+l Cauliflower Mosaic Virus
(CaMV)e] dFo = o] utolgj~z Ho| #2324 FHAAE w9 s
st 540 ol AY BE % WE AEo EAsk vk 35S
promoter & PCRYWHOR o] &3t HEToZA 4 A58 GMO
AAE B A o] &H 9 FAAe FH =S oAFE #d T 5 Uk

E 35. GMO HA| AH&d Zetolm AR

eroln Fu A
SB0321
SB0322
SB660 CaMV 35S promoter
SB661
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MEW: 1 HIE AT =S 1, 2: Ui AT == 2, 3: U A|EHES 3, 4: X5 T-DNA, 5: X|% T-DNA, M.50bp ladder

a9 8. SB0321, SB0322 wAE °]&% GMO AR »t#A H7 A%

1% 9. SB660, SB661 wAE ©]&% GMO HAA vwA H7t 23
(Lane 1 ~ 4 : A% B9 $2A %93 F1 4704, Lane 5: Size Marker, Lane 6 : A% T-DNA)

(4) WiF AT 28 AL

Ux BA43 FA-A  re-sequencing TloJHE &3
FAE] GWAS(Genome-Wide Association Study) €172 7]dt
et A HH3 d= 192709 inbred lined 9719 AYE
o
_IC_),_

dsst7l flste] 3ol HA

Gl =, =
PA =} % z;g—, $H]7 O]g]ﬂélp/] %ﬂ], OSHO:]E_ZI_, ?_7(:)1, ];]]
Fo, 4%, AT WA E A 38l e 2,
delEl AT My gt "Eow vehiel destgon u
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o= 237b4 gEe| vjsl EAF WelE EAFHAT (1 10)
4 589 2= FdUSE 59 48 gl FaEdon 7
o

%, 9w

400bp

)
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Zo] AP FAAQ FHE Fostr] oelE 45, UElYs 133 S
ERola 7o 3 AT zt(indexing)S F-o]dte] whEo] gl HA 3
MEste WA o® AAksstdth

[ \
Loose head

Short less.no.of leaf
— no. outer lea

Short wnM

Very tight heading & round
shape

Lines Plantheight  PlantWeight 'Mumberofleaves Leaflength 'Leafbladewidth Petiolelength Petiolewidth  Petiolethickness Petiolecol
|CHNU10066 36.0 1760.0 167 407 26.0 19.3 6.3 07
CHNU10067 426 1596.0 204 414 223 246 5.0 0.7
CHNU10068 386 1808.0 16.0 427 256 217 6.9 0.8
CHNU10069 340 26267 133 343 245 200 57 0.6
CHNU10070 367 2268.3 200 37.8 218 220 5.2 0.9
CHNU10071 416 2290.0 188 62.0 250 244 6.6 16
CHNU10072 46.5 17200 128 47.3 252 257 6.7 0.8
CHNU10073 513 1246.7 143 50.0 221 311 46 0.7
CHMU101048 333 1860.0 17.7 395 212 250 6.5 07
CHNU120006 418 613.3 77 39.2 223 19.0 52 0.7
CHNU120012 410 1523.3 9.3 417 197 233 T3 11
CHNU120027 1077 3833 1.7 29.5 136 138 12 3.2
CHNU120031 55.7 7333 715 57.7 189 387 22 39
CHNU12013 425 1755.0 133 363 217 205 5.3 0.8
CHNU12014 34.8 1760.0 157 307 224 182 57 10
CHNU12015 243 11333 8.7 28.0 202 120 3.8 0.6
(CHNU25079 336 1876.0 133 344 224 158 6.8 11
CHNUZ25083 243 1006.7 123 247 133 10.7 5.7 13
CHNUZ25084 26.3 785.0 44.7 323 189 16.2 30 8.9
CHNU26013 30.3 2155.0 18.0 325 188 1438 5.6 10

a9 11 AAs ZYgE A wiF 78 A 28Y dolHY IF
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A2 WFe) £% 53t vjoleW o 2(DB) T5& A% B
ne A7 A7

1. w5 B FAA Ay F14 Jre] +4
7k wE EE A ARG SR
(1) ¥i5 E+ FAA¢] 7] annotation X
12 Axol&= wjFe] §% 53} diojguo]~ 55 9% w3 fxA9 7]
 ARE o dolHuol a2 RE FHEIh BGI®H Phytozomeol A 242t

Brassica rapa reference genome % annotation XS  Brassica
Database(Wang et al, 2015)o14 R3S o™ 15 version® genome datas
715 % 24 Genome Browser (Tyner et al, 2017)¢] /3o 2 Q3%+ track data

E L% EE 3 AY 444 2 #9344

Data Aol & AF H A 4
Genome oF 284Mb, 10 chromosome v1l.5 BGI
Gene 41,02074 vl5 BGI
Annotation info 41,0197) annotated genes v9 Phytozome

(2) ¥iF EF % 24]9] re-sequencing< &% A G714 E FH o] A

12 dAxe= 35, vt AlgolAe] Wo] AE ALt = =2 HeE 2k
= reference genomeA A= Heshy]  uite] A H-(chiifu) <]

high-coverage re-sequencings <33} th Illumina Hiseq 2000 platform-$
o]-&(Minoche et al, 2011)3}%] insert size’} 500bp<] paired-end FEj= A
S g% 44 MY9E read qualityel Wz} quality check % trimming<
T

coverage=

:

Olr

At} o] % reference genome data®l vl HHE F3] =2 genome
= T
= T

e e A S Ao

¥ 2 HF EFE EF AR ALY 971449 raw datad] X

File name Num. of Avg. Total length *(Genome

Reads length (bp) (bp) coverage

TN1309D4207_1.fq 195,071,034 100 19,507,103,400 13745
TN1309D4207_2.fq 195,071,034 100 19,507,103,400 U

=

x*Genome coverage : 2 MZ9] % read Zo|Z reference genome & & Zo|2 Yir 7k
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E 3. A7 9 re-sequencingS 53] 42 Reference genome?l assembly Z2 3

Number Totaiblgsngth min max N50 avg. N count

40,550 283,822,784 100 10813983 1,971,137 6,999 10,722,374

2. A% wF 7 Al wol R A At
7F vl 9 AEY re-sequencingS E3F Wol AW thEk AYAE
(1) ¥i3 RIL (Recombinant Inbred Line)2] o] A1 Ak
12 dxeAeE AAAe® Big wiF RIL 26 AlS(A 5-(chiifu) <}
(kenshin)®] xHj H 2] DNAE F=3F % Illumina HiSeq 2000 platform %
© % sequence read ElolB.ElE]E AJAFSE o]F reference genome©l
re-sequencing(Li et al, 2009)< &3l RIL 26 752 A7IA<ES Aitsto]
AEe] ol Fr A FAEAEe] 7|aks ghRekait

(e )
o > oo

4 oz

¥ 4. RIL 26 A%< re-sequencing 23}

Line name Library number Read length Read coverage
279008 14,077,100 1,407,710,000 9.92X
279011 12,676,625 1,267,662,500 8.93X
279018 15,222,457 1,522,245,700 10.73X
279030 11,540,457 1,154,045,700 8.13X
279053 13,953,197 1,395,319,700 9.83X
279055 12,594,176 1,259,417,600 8.87X
279064 15,622,970 1,562,297,000 11.01X
279066 16,201,530 1,620,153,000 11.42X
279067 15,320,388 1,532,088,300 10.80X
279081 13,661,343 1,366,134,300 9.63X
279085 15,052,460 1,505,246,000 10.61X
279087 14,317,694 1,431,769,400 10.09X
279088 13,745,935 1,374,593,500 9.69X
279090 18,477,291 1,847,729,100 13.02X
279093 19,563,087 1,956,308,700 13.79X
279161 14,286,290 1,428,629,000 10.07X
279137 19,146,337 1,914,633,700 13.49X
279099 18,326,960 1,832,696,000 12.91X
279140 20,263,164 2,026,316,400 14.28X
279150 18,773,489 1,877,348,900 13.23X
279106 19,015,284 1,901,528,400 13.40X
279015 17,159,203 1,715,920,300 12.09X
279002 18,019,445 1,801,944,500 12.70X
279022 18,070,692 1,807,069,200 12.73X
279012 16,214,727 1,621,472,700 11.43X
279101 15,166,036 1,516,603,600 10.69X
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(2) ¥5 RIL (Recombinant Inbred Line) W] AH o] F7} AAk
22 A% A G oA wlF RILY FA AR LS A&3H.
llumina HiSeq 2000 platformell Al w5 wajzl 2 249 96 AlEe] F4A
7ML S Frsly] Yste] 9670 AlTS S Z paired-end read?] insert
sizeE 350-550bp o2 AAES] sequence BholE# B E ST ol =

3 w3 96 AlE 2 re-sequencingS 93t sequence read datags €S

AT

32

2

¥ 5. |3 RIL 96 AlE2] re-sequencing Tl°lH AAHE $3 read quality check 23}

S 1
ampie Read number(M) Base number(Mb) GC(%) Q20(%) Q30(%)

name

SSDO73 33 2871.41 38.42 98.35 95.21
SSD350 33.82 2925.6 38.02 98.39 95.38
SSD186 28.71 2469.42 38.32 98.18 94.9

SSD357 29.5 2566.31 38.08 98.32 95.27
SSD129 29.53 2569.11 38.26 97.52 93.36
SSD351 32.01 2152.57 37.94 98.38 95.38
SSD093 175 1531.04 38.11 97.48 93.28
SSD287 32.66 2824.69 37.99 98.14 94.77
SSD068 39.13 3365.14 37.94 98.29 95.07
SSD044 31.24 2702.03 38.85 98.22 94.86
SSD042 41.6 3640.34 38.29 98.18 94.83
SSD086 32.42 2787.89 38.52 98.3 95.13
SSD377 29.65 2549.63 37.87 98.38 95.4

SSD344 36.63 3205.11 37.83 98.31 95.25
SSD232 28.37 2468.24 37.98 98.02 94.52
SSD309 30.57 2659.42 38.11 98.3 95.23
SSD110 37.28 3262.36 38.99 97.77 93.86
SSD064 31.98 2798.32 38.01 98.19 94.86
SSD080 36.7 3211.09 38.77 98.2 94.85
SSD051 33.61 2890.65 38.44 98.3 94.86
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i) AE Eol wol dolEel A 2

o)

(2)

Hﬂi A o] Wol E]O]H A5 919k w5 ¢ A€ re-sequencing ¥4 8
A% A 73 Al viF 2T FEQA AT re-sequencingS Tl 4
E A5 ?37]/\1‘5 raw data®] ¥ sequence read® = 195,071,0347H
] o]o] F Zo]i= oF 182 Gbpelt}. o] =& A4 re-sequencing data
9] genome coverage °F 137X RIS T3l o]& 7|Fo 2 o w5 A
Fo] Wo| HolHE ¢t o At = QlE references FHEFIUE I
[lumina Hiseq 2000 platform W2l o2 7|4 d A #A (re-sequencing)<
Z8] 929 2641% 2] re-sequencing dataZ AY4HatSd

22 A% A Ff Al 12 d=e] o]o] ujE RIL 2675 % ES A B
+ =< 1927} inbred line 7A§< ©ZF SNP 5@.3 TFPstAi. ol
re-sequencingdt 971 AlEd 19270 AlES 45t F 20170 AlE Abole]
MAF(minimum allele frequency)E AAtsle] 5% ]"LA MAFE zt+=
2,061,16771¢] SNPE A%om 20% o2 MAFE zte 272014719 SNP

=8 9
v 3= RIL9 re-sequencing A X FA1S =3l tfz SNPs W
HA 8 7I1ZF &<k wiF RILY ¥ 192719 inbred lines Illumina
technology 2] HiSeq 2000 platforms ©] 83l A7|AES AT &
A A3 NICEMelA 249 967§¢] line® A reads® <= U=
1,073,895,96971 = o]+ 38.12%<°] Hit GC%E 2zt 108,463,492,869bpE
Ao 2 3t o SEEDERSAFO A #4 9 9671 lines 3,228,852,090 reads®l]
A 322,885,209,000bpE A AT} 19270 AlE 2] re-sequencing datai= 7§ 4
© 2 fastqc® read® qualityE phred scoreE Z=#3dto] Foldtyl o
phred scrore’} 30 vwRtew  yehd AV EE fastx-toolkitd
fastq-trimmer® quality trimmingg 33} t} ol¢ & HAAxg AAHL
%3] chiifu whole genome sequences reference® 83t AE¥ 47
ARE A7) 913 read assemblyﬂ 1927] AlEo] o]F+= H el vyt
L= SNP callingS 913 % 268,135,409,319bp €3} readss LT}
BWA aligner®} samtools® chiifu whole genomes reference® ©|-83}¢]
AlS¥ read sequence data® alignment % mapped sequence data2]
formats 75 o]z ekl WA WAsEA T GATKSF Picard tool> &
2 ¥ read sequence datas A A data poolfell A A ASt A H7E A
2 124 ¥ 3 InDel realignment®] 3o o]&HUTr. HFZHo=w
beftool#t veftools &3 2 ZAlEolA yWEb= SNP9F InDelEel theh
reference genomes 7|l =Z 3t 9% ARE A4S TE Re-sequencing
o] 438w 1927 AE3} oA re-sequencing?d 97] AES ¢ F 201719
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inbred lines o]§3te] e An 1340 F 4526911719 SNPE <
th. o] SNP data poole high stringent condition® 2 (quality value
>=10, sequence depth >=3, mapping quality >=10, genotype quality >=
20, #F A 34%°] homozygous SNP E. ) filteringdlo] 4,327,270712] A A
¥ SNP data pool2 At=3sFAtt 20170 AlE Abe]2] MAF(minimum allele
frequency)E& AAFste] 5%0]4 o] MAFE zt+= 2,061,16770¢] SNPE A
om 20% o]de] MAFE ZH:= 272014719 SNPE At} o|¢} & A
= EUYE v]3F reference genomeW 9 intron?} exon ¢ A& =37 ¢35k
HAW A (BRAD V. 15)9] gff d& AF&st] 4] el mapping©]
&< scaffolde Al&lstar A 724 X E 7[Wre g 3k fFdAfo] o
st 5% o]l MAFE 2%t= SNPE<S mappingst’] $d AMZ& Perl
scriptE 7fEeldct. o] = &-8-3}9] genic region’e] 1,993,30071 2] SNPE
Z oA 574,44971 2] SNPE mappinget 23, exon 993} intron GGl Z+
7t 340,13570, 234,31471¢] SNP&eo] 91Alst™ fdakzk ool 1,418,85171

o SNPEo| B¥ay Jee Ha

i/

FU

)

EESSSin

=

2 c AL 5 4 T 8 @ 1519 26529 3%39 4546 55%50 &#5.6% TS0 B%489 9585

Pasitian in read {bp)

29 1. Fastqcol 9% v RIL 9 ©d A5 9 quality check 3 23

_39_



t}. #l5 H Y re-sequencing HIo|E|9} BHE UlolH =
213t raw data T4

= 19270 9] inbred line (genome coverage: 3~

(D) w5 =] GWAS #4915
32 ARol= HA35
5X)3 971e] dYEHIS

genome coverage:
SNPAH R E AF=stith ol &
AP FH4 ®olo Oﬂi&
SNP A H e} A-E

wg o
10 >‘1’(U o, =)
o ~

oX i
fu o
S

oft

rlo

(2A1% 2] genome coverage:
10X) chiifu reference genome<
ZIHko 2 w3

S48 GWAS £4

30X, 7A-E <]
7lEo® Yo
TG AlEEe] Hol=
7#] gobs gk FEA v A5 Fd

inimum Frequency Allele (MAF)
T3k #HE SNP o+ 2,061,167
& TASSEL ver 50 AXEd &
Ak (29 3). A AR EAo=w
dlelE e} Ak SNP 23319

B aA e 7] &5kt

o
O]T
}\ =

E[l_

¥ 6. Variants calling #3 ¢ =74 SNPY

SNP 2t= #Ae] =4

A= SNPE| 7

SNPs above 5 Minor Allele Frequency 2,061,167
SNPs removed which found in 172.498
non-anchored scaffolds ’
Final SNPs considered for GWAS and 1.838.669
marker development mE
SNPs mapped on BRAD Genes 613,473
SNPs mapped on Exons 360,937
SNPs mapped on Introns 252,535
>;> A 2 N 3
Leaf Leaf Leaf Leaf
srartp  EEE]  Brackxs BB  5raGA200x3: BN  BraGAsA4c N
srafica N prackxzo NI 5raGA200x3b [N  srocasadt R
Braftch Bl  Brockxzb HEEEM  BrocA200x3c el  BraGAsAla
Braflcc Rl Brackxio [EEENEM = BroGA200x¢ (NN BraGAsAly il
sracotic MM prockxzo NN Breccy B pocree DTN
frocA B gk BracrFsa
BraAP2 =
raAFsa Brackx7o BraGRF3c L
sramars [l Bracix7b =y 2 — — |
sratry N
Broast Pudladl  BTOACTIN ==
BraACTIN

ag 2. 2370 B89 dF 8 candidate geneel RT-PCRS 53 I3 %
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A3
A9
R 8
Bl B
6 E B
e mewavoorrs & S
NADK3, ATNADK-3; NADK3 (NAD{H) KINASE 3); aumsemnes & £
NAD+ Kinase/ NADH kinase e T s o =
. 1 DHAJ heat shock N-terminal
P art elg t domain-contalning proteln
ANA heficase, putative T ] -%E%
I E
Intergenic-> gene predicted as splcing factor Pro18 family protein ST g8
STEL DWFT, BULL: STEL RVT like super family PH 1 ____,_---‘ | &
e . -
f::m“ Ao E Intergénic-Gent predited and uNinqyam == A2
saturase *function “
J S
2
. 8
ECHID, DHNS; ECHID Py
[NOVLCOA = O En%
HYDRATASE/ IS0 A 2 % 3 gl
seDpcatalytie/  © 33 B
naphthoate synthag E & B s %
[} S| 7Y 3 2
7 SNEY 18,
e PEatel EON
- g8 3
: i
wgenh lg 3
v 1 2 3. 4 5 6 7 8 9 10 < E
ATTPS], TPS1; ATTPSI (TREHALOSE-6-PHOSPHATE HH/4S domain-containing : -
SYNTHASE; alpha,alpha-trehalose-phosphate synthase protein | XS zinc finger Intergenic , trigger factar type chaperone family
| g/ transf o protein
v o
AIg35000 =
acamooens
acnarogses
Andgissith
bl
uagzosa

a9 3. 2% W3 QTL E8QFE g GWAS &4 A3

CKRI_A02_130L

. — BRPGM107TT

cnu_m616a
cnu_méi7a
cnu_mBESAG143

i8]

CKRI_AD09_130L

cau_rmBRPGMOSER
cou_mB303.

cou_MERPEMTES
cau_red3da

o
S e mBRPGUZES 3
= protein kinase family =z
c i rotein ©
S proteln kinsse family COKBL;Z; COKBA;2 (eyclin-dependent P
§ 8 Kinase B1:2}; cyclin binding / kinase/ s
2R st < protein (2 SNPs here) b i thisrlaly
= cni_mBRPGHEIN o pratein serine/threpnine kinase: =
< = cou_mBRPGM317
-~ s e cou_mi20a
B e mi0sa § ——— B = L
- ML ooy merPoIZ = w» 8 =
sl enu_mERPGM202 = 1
& w o —
mBRPGIMTED " s
gl b en «
=.] B ) e s
Q P
- Py
] p
2 5 .
= en_miBa = o
I~ B
enu_mBRPGIA091 4
1 2 3 4 5 ] 8 9 10 =,

(- cnu_mBBSRCO243

BRPGI1155

a4

_41_

™
cu_mBRPEMTID
cou_mBRPEMDES2

cou_mis8s

4. g e QTL EAARES GWAS 4 279 Hu



3 w5 22 Sol¥ fHxt AHEE g AAM AR ik A7k
7F. RNA-seqs &3t wl52] =2 transcriptome H|o]E12] A4t
(1) A%-(chiifu)e] 23} e] %29 transcriptome Ho]E] A4k
12 o= 5o Za Hgloja RNAZ =3l RNA-seq(Wang et al,
2009)& ©]-83}9] transcriptome #holBEE]lE A o™ o] = sequencing 3}
o] read dlolE|E AAFEISITE o] reference genome Aol aligndte] %A
coding g9l mapping® read?] 7NTE Mol AR 22 ol wd

[e) o =
S 4 T AR

£ 7. WjFAF) 270 AAA BE (raw data) FA A

File name Sample description No. of reads Avg. Total length (bp)
length

TN1310R4460_1.fq 23,757,981 100 2,375,793,100
Flower

TN1310R4460_2.fq 23,757,981 100 2,375,798,100

TN1310R4515_1.1q 21,943,854 100 2,194,385,400
Root

TN1310R4515_2.1q 21,943,854 100 2,194,385,400

¥ 8 ujF 270 AAA A& Md 2 wE AAF (trimming) FAA

File name Sample description Tgé d(;f lﬁnvggth len;c(l)lta(lb D) }Qf; H(l(%j >/
TN1310R4460_1.fq 21,889,750 9268  2,028,713,154 85.39%
TN1310R4460_2.fq Flower 21,889,750  89.07  1,949,713,347 82.07%
TN1310R4515_1.fg 20,260,241 9273 1,878,771,170 85.62%
TN1310R4515_2.fq oot 20,260,241  89.24  1,808,034,622 82.39%

9. 83 270 AAA M Z9 mapping A A

File name  Sample description ot Mapped - Unmapped  Mabping
TN1310R4460_1.1q 21,889,750 16,537,548 5,352,202 75.55%
TN1310R4460_2.fq Flower 21,889,750 16,631,606 5,258,094 75.93%
TN1310R4515_1.fq 20,260,241 15798873 4,461,363 77.93%
TN1310R4515_2.fq foot 20,260,241 15,830,415 4,379,826 78.38%
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(2) A %(chiifu)e] ARER o Ao AR HelE A
2 M s A 1 ol olo] RNA seag ol83o W A3
Fgel old dUF), AT F o9, AT F U A 4GS Ay

i

ol
-

A
Atk obele] d#e] ¥ 10-12 Oﬂﬂ—t— 1A} el 2AREE 245 Eﬁt}i 5
Mol ZA e HAMAA A& I 100bp Zeole] paired-end 2]
g

RNA-seq®] read A geol| tst R E EATE

E 10. iR F) 570 FAALA MEFE (raw data) A A

File name Sample description No. of reads I?ryggth Total length (bp)
TN1310R4460_1.fq il 23,757,981 100 2,375,798,100
ower
TN1310R4460_2.fq 23,757,981 100 2,375,798,100
TN1310R4515_1.fq Root 21,943,854 100 2,194,385,400
00
TN1310R4515_2.fq 21,943,854 100 2,194,385,400
TN1312R4974 1.fq 22,928,264 100 2,292,826,400
Inner Leaf of Head
TN1312R4974_2.fq 22,928,264 100 2,292,826,400
TN1312R4977_1.fq 23,995,399 100 2,399,539,900
Outer Leaf of Head
TN1312R4977_2.1fq 23,995,399 100 2,399,539,900
TN1312R4978_1.fq 24,478,869 100 2,447,886,900
Young Leaf
TN1312R4978_2.1fq 24,478,369 100 2,447,886,900

£ 11. i F 570 AAA AE9 Md g & HAAF (trimming) SAA

File name Sample No. of Avg. Total length Trimmed/
description reads length (bp) Raw (%)
TN1310R4460_1.fq Flower 21,889,750  92.68 2,028,713,154 85.39%
TN1310R4460_2.fq 21,889,750  89.07 1,949,713,347 82.07%
TN1310R4515_1.fq Root 20,260,241  92.73 1,878771,170 85.62%
TN1310R4515_2.fq 20,260,241  89.24 1,808,034,622 82.39%
TN1312R4974_1.iq 2132868 9049 1972777586 86.04%
Inner Leaf of 9
TNI312R4974_2.1q Head 2132808 8965 1912040058 83.39%
22,243,40
TN1312R4977_1.1q 92.67 2,061,293,739 85.90%
Outer Leaf of 6
Head 22,243,40
TN1312R4977_2.1q 5 90.07 2,003,469,969 83.49%

TN1312R4978_1.fq 22’6§8’29 92.62

2,096,733,472 85.65%

Young Leaf

TN1312R4978_2.fq

2203829 8986 2034362739  8311%
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# 12. ¥i5 570 AAMA A E 9] mapping F A

- Sample Total Mapped Unmapped Mappin

File name descrigtion Reads Regl()is Reagg R%Ige .
TN1310R4460_1.fq Flower 21,889,750 16,537,548 5,352,202 75.55%
TN1310R4460_2.fq 21,889,750 16,631,656 5,258,094 75.98%
TN1310R4515_1.fq Root 20,260,241 15,798 873 4,461,368 77.98%
TNI1310R4515_2.fq 20,260,241 15,880,415 4,379,826 78.38%
TN1312R4974_1.fq Inner Leaf of 21,328,689 15,994,012 5,334,677 74.99%
TN1312R4974_2.fq Head 21,328,689 16,064,209 5,264,480 75.32%
TN1312R4977_1.fq Outer Leaf of 22,243,406 17,964,791 4,278,615 80.76%
TN1312R4977_2.fq Head 22,243,406 18,040,484 4,202,922 81.10%
TN1312R4978_1.fq 22,638,293 18527,449 4,110,844 81.84%

Young Leaf

TN1312R4978_2.fq

22,638,293 18,598,360

4,039,933 82.15%

(3) ¥}3= long shelf life #& 7

%9 RNA-seq ¥} gene

32 Axd = w39 AAAd #od:= candidate

ME FhE delN 2

g w3 27142, % &

Fakdt.

O~
T
e F A% 9 23
PN
T

& 5 A s nelA AelE mol: F

Ade AAAM A"

S 2 FE RNAE F=3

W= w3} 27,160)0

expression profiling

gened] BAS 3
Wi 2%F (5%

gg A 2

A& 2l

to ot

3t RNA-seqs 7 A
ZAALA o]

oh &t

insert size 500, paired end 29 read ElelH YT E FFH3IP o, 9

read data:= Illumina Hiseq 200071715 ©]&3}¢] sequence UElolHE
PR
¥ 13. RNA sequencings 53] A4¥ short reads 5 A A
) ) No. of Avg. Total length
File name Line name
reads length (bp)
TN1503R1438_CAGATC_R1.fastq 97160 35,549,062 100 3,554,906,200
TN1503R1438_CAGATC_R2.fastq 35,549,062 100 3,554,906,200
TN1503R1439_ACTTGA_RI1.fastq 07149 36,588,343 100 3,658,834,300
TN1503R1439_ACTTGA_R2.fastq 36,588,343 100 3,658,834,300
Total 2 ea 144,274,810 100 14,427,481,000

el = AlE o] Raw sequence HolE & SolexaQA #7]# ¢ DynamicTrim}
LengthSortE ©]83}e] phred score 20°]3}2] bad quality @714 <E AA <2 25bp

olgte] #E reads Al A=

AAeE A4S AT (Cox et al, 2010).
11,663,818 530bp <]

o AEAA Ht 87.57bpe] 133,194,178 readE

H7IMES FEsAT
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E 14 =3 2 #A4A ATEY RNA-seqs T3 942 AF d7IA4E TAXA

) ) No. of Avg. Total length
File name Line name
reads length (bp)

TN1503R1438_CAGATC_RI1 .fastq 32,898,832 90.54 2,978,785,150
27160

TN1503R1438_CAGATC_R2.fastq 32,898,832 85.03 2,797,326,990

TN1503R1439_ACTTGA_RI1.fastq 33,698,207 90.33 3,043,877,124
27142

TN1503R1439_ACTTGA_R2.fastq 33,698,207 84.39 2,843,829,316

Total 2 ea 133,194,178 87.57 11,663,818,580

Quailty check®} trimminge] 945 % read data: WF X5+ FHAAE
reference = o] &3  tophat®®  alingment= 33511 DESeq
golxzeplow & AFe  fFHx EEdHS 4

FZE3FA tH(Anders and Huber, 2010). =3+ 5 A% W] DEGZ e
mRNAS] FZE Hwd7] ¢33 TrinityES E3 de novo assembly=
FPsle] T4 A4S MY Folth(Haas et al, 2013).

L v Fo] 24 5ol HAMA d AH ol AL A

(1) wi5=2] %2 Eo]% DEG (Differentially Expressed Gene)2] 21¥
22k Wxofi= RNA-seqs T3 5 22 oA A Aol7t FefstkA o
Elvbe FAAES Adsta 22 dd e g 24& FstAarh
DESeq R packageZ ©]€3to] ControlEZ4] A3 =7 ¢l ofH o)A e}
o rAzre] o] B A ool wrd =k 20 o] Zolrb upEpLH
Hlaskalzl sk AEES Wt Wde A =(mapping read®l #H)7F 200 ©]
A Binormial testel]l ¢]3%F adjust p-value’} < 0015 W= FH1AE
DEG= s &l

<

¥ 15. DEG A% 2% faxe +

Regulation Num. of Num. of

vl A+ (control vs treatment) g ttern DEGS annotated
ba DEGs
Up 1,477 1,477
Young Leaf vs. Inner Leaf of Head Down 2400 9400
Up 1,844 1,844
Young Leaf vs. Outer Leaf of Head Down 1.904 1.904
Up 2,695 2,695
Young Leaf vs. Root Down 4191 4191
Up 2,335 2,334
Young Leaf vs. Flower Down 3793 3793

* Control€ #]3 young leaf B Z& A&
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logliFeldChange)

legalFetdchangs)

4,500
4,000
3,500
3 3,000
11]
2 2,500 -
(158
a
E- 2,000 -
7 1,500 -
1,000 -
500
0
Up | Down Up | Down Up | Down Up Down
fleafl va. Yleafl vs. Yleafl we ve. Root| Y.leafl va we.
O.leaf_inner O.leaf_out Flower
29 5. DEG A% 23 FAAY F
DEGs: Y.leafl vs O.leaf_inner DEGs: Y.leafl vs O.leaf_out
B
:
B -
: EIOgZ{Mean olf:Cnunts} - ’ ,h}gz’{MEan I:;; Counts) "
DEGs: Y.leaf 01 ws Flower DEGs: Y.leafl vs Root
E
- g .
F
) =u:;-g?{l'l-leal'l afIaCourns} - : ,Iogz{Mean ofwl:ounts] -

cel

1Y 6. Young leaf vs Old leaf®] 3 A o3& DEGE AlZ3 3 MA plot
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(2) W5 FAAe & 4 #d FAA 72 HE =248
w5 2k ortholog #7A1E ZEE Arabidopsis genes input H©JEl &
TH|gtaL o] & DAVIDOA A #3sti= Pathway Search Tools AR&3ho]
w3 fFAA digk KEGG pathway ARE F=3tH(Hwang et al,
2009). Thresholds= 7ls% F3dA count = 5 EASE < 0.1 o]t}
Young_leaf_vs_Flower?] DEGs?] KEGG €% A= ofg] x9F 2t

rr

¥ 16. vl A 3+ DEGs9 KEGG pathway 9 A (young leaf vs flower)

TAIR Gene

Accession KEGG Term count count top hit
ath00710 gérggg rIfliéwltion in photosynthetic 40 33 75
ath00195  Photosynthesis 35 71 73
ath00196  Photosynthesis 14 30 19
ath00260 Glycine, serine and threonine metabolism 23 35 44
ath00010  Glycolysis / Gluconeogenesis 37 58 86
ath00620 Pyruvate metabolism 30 46 65
ath00970  Aminoacyl-tRNA biosynthesis 22 31 47
ath00910 Nitrogen metabolism 20 37 42
ath0O051  Fructose and mannose metabolism 21 36 45
ath00053  Ascorbate and aldarate metabolism 16 25 31
ath00500  Starch and sucrose metabolism 34 53 38
athO0860 Porphyrin and chlorophyll metabolism 14 22 26

e e ]

e g ) A ko 8 i3

o0y
Ol s T

w0 saa L
10 ¥ neraen Labmsenires

29 7. 9lx A 7t DEGs KEGG pathway ¢l A
(Carbon fixation in photosynthetic organisms)
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(3) W5 =2 AAA JHE o] &3 Fd B A w=E
w5 assembled transcripts®] full-length +4S 3] phytozomeo] A
A E %= Brassica rapa® T3S LS wlws Ay F 7354470
transcripts & 31,8777  transcripts (Locus. 184377])7} reference
genome®] 90% ©]A  cover¥|W A reference gene 5UTR, 3UTRS
BA38a 9o} full-legth gened = <183 th. Assembled transcripts<}
reference geneg H|13}o] assembly® ®lF transcripts’} A& FHAAE
o= Ax thst=A Felstar, o SE FAAe ASgAds ddstr] 9@l
vl 3= assembled transcriptsS genome®l aligns 3} th. AlignmentS ¢ 3l
AFE-8E tools BLATeolW, 7123 S Wl transcriptse draft genome®ll
mapping 3 F 100kb ©]Woll assembly ¥  transcripts®] 50% ©]Ato]

A&+ 74§ draft genomeol aligng 3}t

¥ 17. Reference gene¥ orthologous?! transcripts®] full-length ¥4

Locus Transcripts
AA Lo 38,366 73,544
Full-length 2 &4 5 += Ade 4 18,437 31,887

4) TAA ARE o8& F4d #a 5 transcriptome®] LTHF FH =23}
27 dxd+= DEGsE At=3%t 43 5 Yleafl vs Oleaf out, Y.leafl vs
O.leaf_innerol| /] DEGsZ 4t&%d FAX(566271)E R+ Eol clustering
B8 a3}, clustering A2 FAA7e] WE djHO fAIEES
pearson’s correlation® & AAFeFG om, wE HElo] HAFSE A A7
A WA complete WS ARG T 249 clustering 23 = F
370 9] cluster seto. 2 FA o] At}

ZAE fFoJsk Eol wd {HA2] clustering 23 clustering®] A}
e #YS Yleafl vs Oleaf_out, Y.leafl vs Oleaf inner® <o =2
columnes A E3Atk. 7z Cluster?] w@d d€o] FA}3 fAzLe] =+

Cluster 1914 2539712 7} 2 k3l Cluster 3914 212702 78 A itk

¥ 18. & Clusterel ¥ ¥ DEGY 75

Cluster # Num. of DEGs in cluster
Cluster 1 2,539
Cluster 2 1,422
Cluster 3 212
Cluster 4 922
Cluster 5 567
Total 5,662
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Cluster 1: 2,539 genes Cluster 2: 1422 genes

LepF ek hangs
Lis 2 F ool o

o o Sampl e e Samphe -

Cluster 3: 212 genas Clugter 4 922 ganas

Logifoldhangs
|
Lopifold hangs

e, Sample -y - o Sample ey

Clugter 5: 567 gefas

I casthangs

S Sample G e

¥ beafl W leafl
vt Dbaal_out wi Chlwaf irner

A) Heatmap< 9% 4 H Y.leafl vs O.leaf_out, Y.leafl vs O.leaf_inner 2.2 Ho|HE
¥ 33%. B) Line plot2 heatmapo] £33 H clusterE® ®3.

23 8. Clustering®4 239 Heatmap¥ Line plot

Gene ID old_leaf 01_1 old_leaf 01_2 old_leaf 02_1 old_leaf02_2  young leaf 01_1 young leaf 01_2 Desc

8574 8558 14501 14621 1202 1204 CONSTANS-like 2

a ns 7155 13101 13181 2043 2029 CONSTANS-like 1
5442 5461 245 252 2681 2750 ) repeat family
5381 5374 29905 30124 3288 3282 ytochrome P450, family 709, subfamily
5249 5259 6669 6701 4808 4891 Eukaryotic aspartyl protease family p
4795 4750 8018 7807 514 91 salt tolerance ho
4048 3997 78% 7680 811 575 salt tolerance hom
3441 3485 5697 5876 1208 1205 Erythronate-4-
8220 3413 4469 4912 2064 2069 photosystem II light harvesting complex gene 2.3
3096 8 4045 4338 1880 1881 1 i
3067 3101 3293 3309 1149 133 cytochrome P450, f3
2903 2938 2145 2185 1162 1159 receptor like protein 34

a9 9. 33 &Y ¥F transcriptomed] A F FR(0Id leaf vs Young leaf)
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=~

=
ol
-

sttt a8 FAA e fFHAAE oS3t 1o tigh annotations 4
o FHA} sEE +AF ARAAE A P. brassicae®] T3}
Z EASAY. B AFe A= “The Plasmodiophora brassicae genome
reveals insights in its life cycle and ancestry of chitin synthases® 2= #|&<
2 2015 SCIENTIC REPORTS 5:11153¢f Al A =] 21 tH(Schwelm et al, 2015).

vl 5= BE) &Y (Plasmodiophora brassicae) 37412 7|44 &) &
B sy FE 2T AAsta gEolA By 22 71 A gall
= FAste] AEe] R B FE S5 AdAA ] ASsS A Ed. o]
= Ao A FEFe AstAZIa B Al gek v 8o ARE Aaste]l S
A wF s7Fe A5 Aste] 3 Adowm A&y Qlvh wjFo] HsHs
wj 7§ 8k = rhizariadll &st= MA=®E 4H X P. brassicaes I EFEH A A A
o AujEa = AASkY ZEolM B2 v Atdle] dddew deyARt
ol MAE AAe FA4 A= 2 AHe] gl ATk 3AF dRol= e o
THHE AP P brassicae®l A7 E= M=okl A =Y AEE T4
A
l

e/

a b A liophora L i Rhizaria core PI. i a icae specific

" 4

R. filosa S. subterranea

B. natans P. brassicae

CELL PROCESS & SIGNALING

P. brassicae sEcmc o Cell lope bit i ) Defence mechanisms
L7 O Cell motility @ Nuclear structure
8 A 342 (1047) 1 982 = Extracellular structures = Post-translational medification, protein turnover, chaperones
B B 1819 (2050) ® Intracellular trafficking, secretion & vesicular transport | Signal transduction
(%] . J 63 B Cytoskeleton B Cell cycle control, cell division, chremosome partitioning
_‘E (Singletons 2499) ——
« Rhizaria core K 42 - " Coenzyme wransport & metabolism
x L 54 Ol Energy production & conversion o >
Q E 1338(1531) O Amino acid transport & metabolism B Lipid transport & metabolism
'E_ M 3721 O Nucleotide transport & metabolism ® Inorganic ion transport & metabolism .
9 F 525 (665) [=e transport & i W Secondary metabolites biosynthesis, transport & catabolism
0 557 INFORMATION STORAGE & POORLY
E C 229 (251) PROCESSING CHARACTERIZED
3 D 92 (105) P 1154 - — - -
] O RNA pracessing & modification O Muttiple function
o G 827 (927) O Chromatin structure & dynamics I General function prediction only
H 468 (646) =T ion, ri structure & bi B function unknown
® Transcription ® Unassigned
B Replication, recombination & repair

3% 10. P. brassicae$t TAF 7Y FAAS 75S v
(a) P. brassicae, S. subterranea®t #aY°] obd Rhizarian B. natans®t R. filosa®)
OrthoMCL protein families ®wlitfo]ol 13, (b) KOG functional categoriesE ©]-&3 P.

brassicae proteins® 7] ®A1S Eal| P. prassicae’} ztE 1 FAAE ol
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1 oWF BASE B4%E AT S8 dolguols 75
o RASFE AT 53} oleulolsg 75
E]_]:

(1) w5 FHA ZR 7] A
12 deol= w5 & £ 9% Sstd deolgHlol~E 155}
et FE8A, AT Ho|ds st FHA 7|vke] dHlolH
Hol~5 HAlstith. Resource (FHE ¥iF F3%9l), Genome browse,
Annotation, MAB, Tissue Specific Gene, KEGG, BLASTZ Web DB "%
TFAdskal, A& UIR do]g o] ~E Fdstgith
W5 Ex5F 53} dlo]gH|o]~= http://168.188,15201/cabbage/2] 42
TR HEo] 7hesiH A FaFAAA AL D SR FE H9A AR
o AFsw wjFo ZEFHdA ARE thget 37 annotation DB AK€}
Aste], AbgAbel oJa delE FHAAFY] annotation R S§F #H AHHO A7}

3lE HRE AAEALH

5

a0

=
¢ [[1112.220.1922/cabbage/ Qi » =

- Brassica rapa

HOME Resource Genome Browse Annotation MAB KEGG BLAST

HOME
Chromosome Total 10 N 40,367

Sequence Info
A01 26,791,028 bp
Aoz 26,939,826 bp
403 31,765,588 bp
404 19,269,589 bp
05 25,303,532 bp
06 5,210,368 bp
07 25,876,096 bp
108 20,826,945 bp
£09 38,884,800 bp
A1D 16,405,180 bp

Protein coding genes 41,020

3SR HATA MRS CERIG| R447 K02
GSP=:
g HASTIAIRICH yright © 2013 GSPAABX AEE! Allr

39 1. W39 §F 53} web DB H ¢l o]A
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(2) wiFe] 2 A& X F(chiifu)®] HAA] Hlo]E & o] &3 FAsF A9
1A=L ZA oA ABLkg vjFo] 2 A EQ1 A F(chiifu)®] #(flower)
2] (root)ol 41 RNA-seqs &3l HAFA|(transcriptome) 9714 €S AAksiar
olE A A& dlolEH o] 2 AFstAT
AVEA 7 A E0|A S HolE FHAES (tissue specific gene)S A &<l
o A HEF AARA 24 #HolAE RISt on AdEd {3t
annotation gH T3 &St 4= QI E annotation pageZ 2] 3Jlo|HHIAE

SR EC

et

AA oA o5 4429 annotation®] AA]

/‘ [} Brassica raps
&« - ._‘j.i12.22‘&1‘922:’(.i:}:;Fa-;|-_-_r':'n|:(".e.;):'.;},-'(.3'.;):'1..ju';ej-."..;l||‘.'_'-{;|‘.v'-||..'

Brassica rapa

Total Count : 41019 Page : 1/821
: KEGG
Gene 1D Tairid  Tair Symbol Tair Description Pubmed  PFAM PANTHER KOG £C 60 Teem
Orthology
| Dhge I-tike superfamity
 Branocop  ATRG37490.1 oo i WO PRONITY KOBS6S
protsin
fin MENZT /Eama e
| &ratovond Whracarasa s nodulin MINZ1 JEamAlike  op0vime proasn GO:0016020
transparter family protein
ATIG 12708505
AT2637530. 22710611
AGDT G0:0008060
| Br AT2G3I75501 5P ARF-GAP domain 7 2707143 PrOI412 KOG GO:0008270
GO0z
GO:0003677
| 600006334
| eravonons  ATIGSITIOA Histone superfamily protein 22709700 PFOOIZS  PTHRIOMES KOGIET kit :0_-0035534
GO:0000786 |
RING/ LI i |
§ Bra0000? ATIGITSE ING/Uiox cupatiamily praEtn PROODNT PTHRZZT6A
1 protein
6010003677
] A ® A bindi i . =
| esoooois  ATIGIF500.1 c::?;?‘ “1 binding vith one finfer  jymiise  proaod 60:0008270
| ’ > 6O:0006355 |
6010003735
| £ri000ODY  ATIGSIT40.2 ::::.m proteinL3te fmity opomrsy  pRovisa pTHRIDING KOGIA5? KEz020 Zg;wm:g
GO:000584) |
2act PTHI1937 |
| 6ravooatn  AT2G37620. i 708129 PROONE OGORTS 10355
Eraf00010  AT2G37420.1 ACT1 actin | 2370812 FO0022 PTHRI ST ETy | O G0eTE K 5
st
ATMYE9! bk HTH tei fonal
L erabooo1t  AT2637830.1 i ptronscrptonsl oovososd  PFOOZG  PTHRINGA! KOG004 GO:0003677
ATPHAN regulator family protein
MYES

I3d 2. Annotation "l 79 A Table
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Hl$ gene annotation M7 F-AAF AHE Table #2202 A 33hy. wjF9
%% =3 dolguolae] WEE $3F genome browserd|AE o]
annotations 7|2 AEZ Fxte] uid HAERE dH Jhssith EI
annotation page?] table A2 ¥W|F2] Gene IDE Z331H genome browser®
AZ=o] dolE o] F ZHE Atolo] Ao FxT7E Jheeth Z
annotation® IDE 3 319 annotation®] A|3%¥ DB9 web page® 74
%o} annotation®] Ui Aol 7hs3i).

' [ Brazsica rapa * = Tt o
& o Y 112.220.182. 2/c abbageindex php/cah! e hrowse/ ADTR sl 7 Q< =
Brassica rapa [ < MERSE Hi 3= Gene IDE £&! > genome browser2 ¢ ZH ]
e

Chromeome 403 (11774} ¥ rowae Size 1600 ¥ | Sesrch Gene Saaichi || Raset

MRt chr g x| | .

g

0% W IR | PR RRNIPEE I P D PHEEINE (B 4 | | | A K P N
AR L ANERUEE B RN B 0 ER S IR (e DN R (e I
LR EEEEEE G W R E RS} R EOD 6 EEESAREEES M R G
fowar (1 rbo
Brazsi 8799005 . submit || 100085 Zom Ol || 20005h Zeem Ot |
...... aroven s
e ————— ———
V- > m o o -
- a= == —
- -
£ \
i
- — — — -_— e
_a————————o D D pod
S - 1
L3 3 - ——— . o
- - D - o
e -
- —

29 3. Annotation "l 9 genome browser$t 9%
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¥+ 544 7]H9F Web-BLAST Al2dle
(D wiF FZF A A5 T2 AEs %1%51 BLAST A]2¥

v A e AR HARS 913 BLAST Al2®ls 55tk a5
o] T FHAA A L(draft genome)?} A ceds) AE-E nucleotide, proteins
274 formo.%® BLAST DBZ 538l AR A/3t e AES dwr
o] A7IME fdE ] Y F FAES st o5H HH—’FJ 41,0207 Frd 2}
FolA 7HE ME AR =2 732 ID R R ARV S Eo] o]F o

€2+ Ak

€ = @/ D 1122201922/ abbage/inder php/cabboge/blast

Brassica rapa

e smoge betum i £ .\c,,._,ws
Gare Prosin

Hi= BF g 2
BLASTDB= M o] Hl2

(genome, CDS, protein)

Qe isad it irom e | HIQ 219 M9E TV S

ol

Ten sbiemance: From

Cloar saguence | | Samch

T gurey saguete b fllnred fov lom ¢cplesity rogans by defady,
fmier ¥ Lew complennty - Mask v dnehup tble only
Tmmzy 10 * . Mai BLOSUNGD v Perturm ungacsed shgnment

iy - Standand {1}

senalty for blst M2 OOF v

a9 4. BLAST W% 74

1

2}. Genome BrowserE E3% w5 §4dA4 7|9 AEAH B 344 273}

(1) w5 x5+ F4A 7]9F Genome Browser

w5 ¥ FdA9 genome A4, track data®t FHA HHE

3}
genome browser= T-58t3ith k= A 2 FHE AT
il
o

ofr
2

ki
Xorrow 2

27HA " Ao Jhseb, A Al WA chromosomes A1 B a)
=4 F9E A3 Y5 Soto] Addes waolal 5 oA i

E Ry
sarch B2 BaA AT HAAE AAsel A7 B+ Aok

do o o O
ol

2
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Genome Browser &% AAo|A] AFEAF7F chromosome 742 7474 99&

X}%—%ﬂ] /ﬂa—!% + A3, Genome Browser page <4 7|9+ chromosome
A Aol deolg ST 4 il g shef| Ho X

ol PAANE BEA VEUAR BAFORA
o ] * 3}

1 =l !
I AE AAE & 5 Ak T ALEALe] HQe WEE browser

€ > € [D 112:220,192.2/cabbage/index.php/cabt

DY
A
Il

~_Brassicarapa

HOME Resource. Genome Browse Annotation MAB KEGG BLAST -
HONE » Browse
Chromosome | A01 (26,794b) v | Browse Size : | 1600 v | Search Gene Search | | Reset |
Chromasome view
E...uilEE
Gene information CHO1. : 0..24358%) s e
g AR AL I A A AR s S PN
q B a aEa 0N B > B a 1
‘i [CXH (w0 N - = Wl
' - m——— L =TT

o ssps
2 iZ5ien

238 5. ¥Wl%F web DB9 Genome Browser ¥

+ (] 22002

~ Brassicarapa

Hsts gene D= HM It

Beunacs  Gomme bowie  Assotstion

iew
L1
=

ApEate) miE 27100

Chromosome2
MENSE &~ ol
== T ANDO

a9 6. vl web DB9 chromosome ¥ scaffold. A 7]%&
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Genome Browser:= AFgEA7F daxp sl ARE FHopAzl  7|E
AelF o]0, 7|[EHo=z [z wlF FAANe] =214 X< CDS,

SNP marker &¥ & T Ak}

+ (< Alfn k] 0. 152,27 o B

Brassica rapa

10w Rewmce  Gename Browsz  Anantation  MAH KEGG Ih..l.ﬂ]. <window> H £ : 8 &M Eol= dd 0|
S| +f-BIE EHY ROl dY SjfEs i

s+ firowese ;

Che m—nnmsln Somch Gene Sanch

Cheesnosme e

= T .

G+C contents

Geng y , ST ; e A - \
'\\-._,. W an meid D u ’ nnnm WL NN LmAeM G e m k|
o l f ] € 1 ] (L)
CDS @M\ o 1 eman wemu ' b oot ‘"“ e Rt Bt i e L T < - L.
Shr
q FHZE L 2o SHP EH =S
RNAseq 244 =, FHA W e RNAseqo| S -
sMzop 712 AEH ale assembly region E#&
flower JMEDH 7|2 MEUE|] QIS
£ S =

Y 7. vl web DB9] Genome Browser T4

N

, Fake] AAT

(7h) Gene: F4=}<] boundary & BB, 28 A g
AuE obefe] Fol st B S Stk genedl W HHE

(1}) CDS(Coding Gene Sequence): gene WH-9] coding sequence ¢ %
TS Ul A el e) ek wdk ekt

(th SNP: #j3 RIL #HwH¢] re-sequencing E|o|E]ES o]&3dlo] 4 SNPY

W% gL AAH BEE eI o] F Ea AL} dat
del o] SNPe| Bx mah ol 4 glom ek §47 S SNPY

1r

E
2 Hd > ek

i
2

o

() RNA-seq assembly @ 5 RNAseq HI°|HE o] &3lo] Fa3t assembly
A3} transcriptE 7] 3}

(m}) G+C conents : F4A AA|e] G+C contentsE ZA3dte] HeHo=w
% & 3o},

l:u

() Window WE @ + £ - & FYFozA nudsts WAE 44
J

hau | %‘
2H(F/Fr)ee] HAT F D= B
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Besssica raps

* 4 N2z

1]

Brassica rapa

Wt Besmee  Gesama B ksiwlas Wk G160 LT

2 o s
- i P -
B i e
= - E

= . e —
3 i mar Bt

1% 8. Genome Browser A2 vWjF FAA HAH AHL 53 AR AF 7]

off

v}, Genome Browerell 4] w3 ZARA 7]uF dlo]E o] A]7}s}
5] 2 RNA-seqE ©|8€3F transcriptome assemblyS 33k H,
assembled transcripts® %7 FAA o) mapping dta, L 23S 1 How 3
olgr 4= AEE genome browserol] AZAsFY] FAISII T genome browser? gene
modelol| A sHaF3Ee} Mow FAHE =3 assembled transcriptsE, 2LE% Wk
=S forward Wk, 9% W £8S reverse WEHS o u] g}
RNA-seq A1ZH assembly 225 83 Aoz dRigto=n wdz Aije}
7] Alternative Splicing form <lZo] 7}Fs3itt Adte]l Zoom In/Out HES %

)

oH

BeleA el e o A T WARIES) S & 5 Slrh 1000bpE #
$ 500bp 4, 2000bpt 2% 1000bpH & ole]geh. E 54k e AW AHsan
&, A9 24 gk 9 Fol submit MES FEW 4§,

(1) RNA-seqell ¢st HH—‘?— Z AW w3 af E]O]E19] O‘jE

%~%@§%ﬁ%—d%?lﬂﬁﬂ%tm¢dma FARE A
aE 2AE fA4 BAFSE AP

A frdAtel thsie] AJARE T A
RNA-seq °ol% Z#¥ wdx dolge AZHE =24 vehd & e
sequence coverage % quality® H A3’ $8] DESeq packages &3l

normalization®] ¥ W& =S F2E dtd o] 45 vuE 98] Ak
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MEE S X x}(Bra011897)2| 44 £ mapped read count

20,000
18,000
16,000
4.0 Read Count
12,000
Max. 437,700
10,000
Gene Expression 8,000 3rd quartile 488
Lt
|Read Count) 6,000 Mean
4,000 . i Median 105
2,000 3 A = T i =
st quartile :
o HH N N = qu
" i ~ i Min o
§ 7 & 8 = :
< & Nermalization Method @ DESeq

HtH o 2 MEE pormalizationg AHE read count Z1p2L.
X OEH FEAE UMt 228 5+ 5201 DEE.

% HiZE 57 A= ESt S XX} & 4 ZH(read counts) EAH X
19 9. w5 web DB #HA LAF HE AT

El 34 2d% FAAR YUY
z‘sg- El. A o
Hdl(maximum) & # (5, ol= & FHdA7F 437,70071 9] mapped
readsE 7}3)
39 quartile Al 3AMEYS (2@ S AHEAIS A, 5% AA e AFEE )
Mean gk

Max

Median

1% quartile A 1AHESIS (23 #3S AHsAS 45, 25% 1A dFst= w@h)
Mi H 2 (minimum) 28 2t 0%S w3 AR B2 &= reads?t §=
n AL o)

(2) 22 RNA-seq? alternative splicing®] o= 2 A]Z}3}h

3= RNA-seq® ©]&3F transcriptome assemblyS 33k %, assembled
transcriptsE ¥ FAA Y mapping i, 1 AF}E agE Ho=z gl
T UXEE genome browserel] AT} AT genome browser?| gene
modelol| Al sHgel Moz FAE =8-S assembled transcriptsE, S&% W
g =8 forward W 9% W3 =S reverse WS on|dit}

AEW assembly 235 AlZtslstal ol& wdw Ao 283 A4 FHAA=E
e 43 d mRNA7F YERNE Alternative Splicing forme] ¢ Zo] 7}53}c}
(Trapnell et al, 2009). %2 Zoom In/Out HES F3] Be9-49] sddd
S u AAE] Z2 wAREERE]) &< & 4 k. 1000bpe 39 500bp A,
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AF. Genome Brower
(1) Genome Browser<]

Genome Browserg& ©

&-3}o] assembled transripte] ¥WlF ¥+

o] 9A ARE &<l 3 5 gt}
Assembled transcripts %3 W : BLATS ]85} reference genome®l
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(3) RIL & & Wol "HoJH e Genome Browser=2] &

WS 52 53 st 5 TAVE 58 4 2ysA ddd s
st W, WFe TS 93 &% 53 dHelEHolzd 5%
Genome Browsers &3 & Ad A wiF F34 AelAe] =214 9
g FAT + Avk =3 A A dmsp] 2 HHZF RIL Fehe]
re-sequencing A& &-83lo] A FH2 g WolE Al glstE Vs
= TA S
HlF Genome Browser ™|772] chromosome viewero 4] gene ®+i= CDSE A
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19 14. Genome Browserd] ¥F9E H]3 2009 AF
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2. BrTED® /4o ZLog 712 FRr 44
7F 915 12k diolgHo] oA o) wj S dARA] R o] 4

H| 2] AAA] dlo] g o]~
o owst golE 7t Qe

(1)

¥ 1. BrTEDY expression profiling2 24 o] & 7153 A3

5

°l BrTEDY] +55 $l8iA 134 o=
S Adda g dolHe EX4E g
F Qe Afols g3 HolHE A7bastAth

AAA dlolE o] 44

BrTEDS] 2 A% do]EQ wlF(Brapa) Hgo=z tpekst =

Aol w0

B 2 Microarray 2

SRR
NCBI

NCBI’¢] R+ &

g

=2 =2
[e]
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GEOQO®°l A
RNA-seq AH %

o]

=

v 5= €]
microarray HolH &
13 2t} (EMBLOA o2&

st ol Brssica rapas

=

=il
=

microarray dataset 17H

o]

o 29
A 144

Astoll Ao
71 918t AAAY Aol Zhak AJ4EsE sequencing A
= ypload 3= NCBI GEO (www.nchi.nlm.nih.gov/geo/)°l

7N e @maﬂ

stH et BrTED® -5l

e

sample®] &3}

Method Series ID Title Sample Treatment
. . . . Differential
GSE43245  Transcriptome sequencing of Brassica rapa tissues 8
expressed gene
Global Analysis of the Transcriptional Response of Chinese
cabbage (Brassica rapa ssp. pekinensis) to Methyl Jasmonate - S
GSE51363 Reveals JA Signaling on Enhancement of Secondary Metabolism Jasmonic acid
Pathways
Elucidation of stress memory inheritance through epigenome o
GSE58895 alterations in Brassica rapa plants [RNA-seq] 28 Heat stress
Transcriptome profiling of the defense response following Pathogen
RNA-seq GSE69785 elicitation by a bacterial pathogen or flg22 12 Infection
Transcriptome analysis of Brassica rapa near—-isogenic lines Pathogen
GSE74044  carrying clubroot-resistant and —susceptible alleles in 8 Infecti
response to Plasmodiophorabrassicae during early infection niection
Physiological characterization and comparative transcriptome Radiation derived
GSE75464  analysis of a developmentally retarded Chinese cabbage 6 & latl(SlH erve
(Brassica campestris ssp. pekinensis) mutant
Comparative transcriptome of the fertile and sterile buds of
GSE77427  genic multiple-allele inherited male sterile AB line in Chinese 2 Male sterility
cabbage
Differential
GSE23409 Comparison of root and leaf samples from Brassica rapa 6 expressed gene
between tissues
. Comprehensive analysis of genic male sterility-related genes in S
Microarray  GSE47665 Brassica rapa using Brassica rapa 300k microarray v2.0 14 Male sterility
Transcription profiling by array of 10 days old Brassica rapa
E-MTAB-2386 ssp. chinensis seedlings treated with 2mM methyl jasmonate by 6 Jasmonic acid

spraying and harvesting 48 hours past treatment
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(2) =& w5 AARA dleolH o] sk AR A
NCBI GEO9 RNA-seq ARE AH3t FTP server= A7AE9 93] ¢
2239 sequence read Ho|HE sra Lo R AFsta gl o]E AA| ®H
st e A A AlFe] xstE AEEE fEaEdE stk A%
H sraXx W] Ho]H & sra toolkitd] fastq-dump WHEHE o] 83} fastq X
Moz WMIstATh W3E RNA-seq? read HlolH+= ooy e dAas
A st AARA HelHEA &8d & vk (29 1).

Map to genome

| Expressmn |
‘ PCA Pattern ‘ RNA edit
Clusluenng

¥ 1. 493 < RNA-seq HIolEl 9 A7 HAXHpipeline)t 7|t 715 2 #(output)

(7}H) RNA-seq read Hl°]E 2] Quality Check(QC)¢} Quality Trimming(QT)
mRNAZE cDNAS3}slY] sequencings 433 RNA-seq A3+ W= 75~
150bp 59 Zol= zr=t}l &2 RNA-seq 415 &) A& =<l illumina
©] sequencer®l o3 4FE3gH dlolE e - read WOl bp A7 FREOR
s A7Ig Z2Aol e oF FEo] FobAA €

olH 3 F FEo] %L readol Wal reference mapping®l| AF&EHA = 7
$ ZEH alignment 235 7FHE 4 907] wiTol alignment o] A QC
2 QTE F3HA Frh QCE fastqc 2ZEY S o]g3lo] 3o
o] %3] read?d HuWbAQ o F WA HElS 3Qlstal read data poolol A

adapter A€ 2 YEY = overrepresented sequences 2 ¥ 33t}

¢
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@per base sequence quality

Quality scores across all bases (Sanger / lllumina 1.9 encoding)

HHHHH HHIIHHHHInHﬁBHWIHH ¢

1234567861213 18-19 2423 30-3]1 36-37 42-43 4840 5455 60-61 66-67 72-73 78-79 8485 90-01 9697 104-105 114-115 124-125 134-13%

Pasition in read (bp)

a9 2. fastqcE &3 w5 HAALA sampled read qualityd] AlZ+sh

read®] QT+ fastx toolkite] fastx_trimmer® phred score 30 ©]%
trimming ©]% #H 24 read length 20 °o|A4S 7|#o 2 3=} fastqge ¥
Ao A overrepresented sequence® YEF adapter A <€-2 cutadapt AEZE
gois Fa| A AT overrepresented sequence® YER A Ee WEof
Aol ¥ ¥ 3l trimming ©] % # 4 read length”} 20 o]4el AL FHal= A
= o2 AYS FdEA QT o|F vA| fastqes Sl AAMA S
o] read data pool®] o7 F3S A i A7F ¢l

readE ©|& 3} reference mapping<S G333 o™ QCo| % }
H A5 QTel o]&¥+= W&E ]9 parametered] V& 218 4
et QTE W F3& o]F QColA EAIH ] YetuA] g3k W o

(\}) tophats ©]&3F read®] reference genomel & 2] alignment

QT7} 5% AARA AZ9] reference & alignmentE 337] €3k tool
24 tophat AZEY S (Trapnell et al, 2012)E AA3IAt}t  tophat
reference genome(BRAD 1.2 version 7]5)¢ 47] A ¥ AHE fasta T}
AMEde] AR f1A] BEE @S gtf TRORRE T om bowtie2
AZEY 0] A YES Hko} read H|°]EE reference o mapping 3ttt (19
3).
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DESeq manual (www.bioconductor.org/packages/devel/bioc/vignettes/DESe
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2S5 A2 Hudtz] 98] TPM normalizations &4 X3 RNA-seq
Z 66709 s <=33Fed(Wagner et al, 2012) TPM normalized matrix=
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BrTED®] FA4elA 54 w3 2+ Fdx5 AAste] 2 tigh annotation
K 2 A g Alolo Al RNA-seq &S

3to] DEGE At&E3stth DEGS
AR digk oheket 7]
HE Aol thske] ARGl Al

41 o
:\r]:',
o
=
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ju)
ol
)
2,
>
>
2
o
i
ol
o2
o
o
R
=

718 ARE skelsty] o o), w3 TE
)d =1 %

annotations =33k A3} glojof

annotation 2t E3to] ol&

S W] HE GAAe] R 5 AL (E )

=
N
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MN
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=
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—_
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a3
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¥ 2. BrTEDY Brassica rapa ¥ 3R 41,0207 93 annotation &3
B. rapa gene ID with

Annotation Class Unique Annotation .
Annotation

Basic information of B. rapa

genes (Chromosome, Location, 41,020 41,020
Sequence)

Uniprot ID 24,790 37,937
TAIR ID 20,486 37,847
Functional description 36,673 37,842
Pfam ID 3,975 31,459
GO number 3,981 28,561
EC number 1,085 10,985
miRNA family 496 8,280
KEGG Pathway 132 7,836

(D Wiz F2F A 72 AR

BRAD(brassicadb.org/brad/)oll &7/0¥ w59 F+ FHA 1.2 versionol] o
@ 4B E BRADOA Al 3ste FTP serverZ45-F thz s whol wj 3
FF T ARE FAskeH Z8skdvh 7 AEREA {2 ID,

Aol d7IME. wd A agla 544 Ao 294 AAE e 7

30 Ho Lo o

Suigye

(2) ¢4 dlojguo]~ fal Fx
Wi EE FAAe] 41,0207 Ak @ M AS fasta XROE /36
i o] = input WY E #8312 NCBI FTP server(ftp://ftp.nchi.nlm.nih.gov/)
ol A B3 dA7A] NCBIo| SAE dide] g qd HHE F5 glo]
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3)

7153t non-redundant(nr) ¢]E #| o] ~& makeblastdb ¥ HE §3| query
A v T ARk ofn| At A EYe] similiarityE FEH] W o]y
Mol 2 FA3te] BLASTPE F a3t th(-evalue 10°, —max_target_seq
D. o5 &3l w59 <+ F3A DOl nrolA WEt= GI numbers 71
o7 XHodltt

Gene annotation®] Wt g 7] A 249 F=FH& NCBI9 ftp AH
2 Gene ontology consortiume] A E3Q o o]E HAF3F EA A
Aol A gene2go  (ftp://ftp.ncbinlm.nih.gov/gene/DATA/gene2go: NCBI
ID, Gene ontology number ¢} 19| description 94¥ A 181
Biological process, Cellular component, Molecular function %),
gene2info (ftp://ftp.nchi.nlm.nih.gov/gene/DATA/gene2info: NCBI ID
2 gene symbol ¥ gene description A¥ AHXE 7] A), ec2go
(http://www.geneontology.org/external2go/ec2go: EC number2} GO ID
Ad¥ AR Z3)gte FLdP S Fosto AFstArTt.

7} A58 GI numberE 71522 GI numbere] W3t A4S record® A
Hgstal 7] wiZol o] A#d#AE o] &3ste] BLASTPE &3l Wi 3
Zpof] H-o gk GI numberell EC, GO, gene description®l] W3t HHE A ZAA
2 5 9

Hlj 5= €] 41,0207H FrAazte] wld g 9ol FE k= domaino] WE AR
= AAEtz] YE) wlF E+ F4A9] protein sequence fasta LS
Pfam(pfam.xfam.org/search)®] batch search # o] Ao ¢ &3} t}l. domain
search A3 Abgxe] vld AHFow ﬂ/‘]ﬂl AW E o]sto] cat
HEo 2 stvtE Ao wiFe i A Aol $A g domain®] &

F¢} Pfam accession number ZHE AL ¢ )

w2d A5 o7& (Arabidopsis Thaliana) 7 Ake] ™3 ortholog A X
w5 o) 71 7F whole genome?] triplicatione A%l 3 thA] 262 &
ol7b= BAS AXHA UERE A genomeod &3t 1 Az v Fd A
ol she] el 71l fE el t$k orthologous gene®] &2 U ERA
H Ak wl39] orthologous genedll Wgt A X = giprofiler(biit.cs.ut.ee/gprofie
12 g:Convert W7ol OrganismsS Brassica rapa, Target Database®
TAIR LOCUSZ 743}l inputo2 w5 ZF F2xke IDE %%8101 i
Hato] w5 FHAeE ortholog?l N7 dh 2kl TAIR ID9F 47
715l dig Ao digt ARE A& F Utk (Reimand et al, 2016).
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4)

5)

Uniprot 7]4¥F A X

BLASTPel ¢J& GI number’} Fold w59 & 4 IDE= e
2 92 GI numberE Uniprot®] ID mapping service (http://www.uniprot.
org/uploadlists/)el ¢ ® 3} tH(The uniprot consortium, 2017). °|& &3l
ALg2Fel 9] &l customizing® annotationS LI o] E text fileo] FEZ T
$2=7} 7}ssttlh. GI numberol] 9@ Uniprot database®Z%8H F&3
annotation< Organism, PANTHER ID, Pubmed ID, Gene symbole] ¥}
Flom d&wE GI numberol] W3 annotation 23S #Hs BA AR
ol#tste] SED & olE &3l organismsol it HE7} A e
= S AAS L FS recordiHS d o] E ZA] W33t

miRNA A H
miRNAE I FZ4 o EA3F= binding site®] 2182 =2 target %A
Ao FFS v X = wFY xdPGdd #AAE YA sagdo] e T8
g Aot A FAS 8 MF FAA WS miRNAC tig 79
As FdF A7 Z2HE MY AME gE =EEE5H TSI
(Dhandapni et al, 2011; Kim et al, 2012; Sun et al, 2015). 2+ A4 A3} =
HFE AgE miRNA g 2Eo U3t AHE 435 HWdlo] mature miRNA
9] sequence’t M & FUI Aom AAFHIL FHA Fo AXTE FS A

s oﬂ?—oﬂﬂ et mRNAEZ 5238 miRNAZ #F3kd w3 &3
11]”01] 1,055 #1531 ¢] miRNA coding X]‘—’%“’] A= A Felsen o
= = 4967H4 A2 & miRNA family =

off
)

HE
ﬂ x
2
*
3
£

¥ 3. 95 (B. rapa)¥ miRNA 2jdd dig £3 %L miRNAS 3 435 vu

Available miRNA in

Author Paper

research

Kim et al.

Dhandapani et al. Identification of Potential microRNAs and Their Targets in
(2011)

Brassica rapa L.
(2012)Identiﬁcation and profiling of novel microRNAs in the Brassica 412
rapa genome based on small RNA deep sequencing
Impacts of Whole-Genome Triplication on MIRNA Evolution in
Sun et al. (2015) . 675
Brassica rapa
Total: 1,192
Unique coding region:
1,055
Unique miRNA family:
496
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o} wjFE AARA 2E dloly H4 E3} do]elw o]~ BrTEDS launching
(1) BrTED®] URL¥} 4

BrTED+ PHP, Mysql, ApacheE 7|¥ Z#E o7 3830 5o
& 7] BrTEDE Zw ¢l brted.cnu.ackrs Y istny AR EAQYOZHE A
kol HEo] 7bssltt (1™ 4). BrTEDO &= 5719 41 2@ Ay A u

w7 Agsol oM (GENE SEARCH, DEG ANALYSIS, GROUP
EXPRESSION, MIRNA, KEGG) 7+ wlirolA AF&AFY] queryol 9&f &9
e 1A 9 R dde A2 frides ddEe dE FF7F 7hesit
(1% 5).

Brassica Transriptome Expression
Database

Srrpie . Conlemesnry. Webdataboss for Bromscs frarseriionye

GENE SEARCH DEG ANALYSIS GROUP EXPRESSION MIRNA KEGG CONTACT US

Welcome to Brassica Transcriptome Expression Latest News
Database

wme Useful Links

a9 4. BrTEDS] W<l #Ho|X 9} 5719 £4 2 AR HA vF URL: brted.cnu.ac.kr

19 5. BrTED?] 5709 £4 R AR H4 vyt AHEAL queryoll oJ3) E5€ Are| 43 #A
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(2) GENE SEARCH
(7}) keyword2 £33 wj3 ®x A AA
W3 BE fAA AR AAS 98] e AN g4e FASA 7
A g KAogA o 7]t homologous genel A2 7]5S 83 gene

description, Brassica research communityol A 4859 B. rapa ID, 8|5 X%

>~

= APl tiste] #WEH o7 ALE3lal Q= gene symbol 1] WlFE X%
= FH1A Al 1A% domainel 3k pfam IDE 1xp% o2 AASITHL
 6.A).
A 7escription \4 }GO! B Brassica Experiments - Gene Search with ID or Sequence

‘Description ] ' -

|B.rapagene ID |use and database to search:

Gene symbol Database Brapa_sequecne_v1.2.cds v

=;Jfam ID

TN TR TGO TT‘ﬁdICEIw‘!:EI TCCARACCBTORCTCTCA GRACTGLSST
IO CICT AT A TG TGCARLAS T 5] TA TG CabACCAC BACEOS AT B GO LA AGAAGSACCTTEEA G CAGEIGI O
> ~ : CGAGRTCCAACTGT T TCACT TEARGARCT GE GACACCTGAGITCTT EIATJ\E.T AGCCAA CCARCAGH GACTGACTECA AGSTACAGEAT TCTAC,
¥ Gene search engine SLIppl jes 4 groups AC0A AN AT TAT AT ACARCT AT BCSTA T LGB T D TAC TACCATCT DA CGT G ANTCECTBICT TCT TTBCTCATETIGCTCA Bt

SCATBATICCTGTGIEACAT TEA B KGO0 T A (TACDME
of keywords.

» Gene functional description
ex) pathogen

» B. rapa gene ID
ex) Bra004227

» Gene symbol
ex) EIN3

Cleat sequence] Search

» Pfam domain ID
ex) PF00069.23

Z¥ 6. A) BrTEDY ¥iF & fd4 A4 4% A B) ASA7E Hid 97144
°] BLAST A& & w5 & FAA FEY AN
AREAZE A el = wAE B. rapa gene IDE A dto] k=
F v dx IDE d™std e A7 BrTEDel f45€d &
RNA-seq sample®] 41 2] TPM normalization 27} ¥ 2& #o] bar plot9)
P FgHo] i A7 ofug A @ FxelA dHEEAE &
gk 4= 9t} T3 bar plot 3] tabledlA] FA 2 Ao} wka Zo) o
AHAgE Aol thete] HEd = Aok (L™ 7).
Wl 35 Ao AM A4S B orapa gene ID ©]92]19] keywordE A€
3te] queryell Wigt 23S 3T A$ BrTEDE €28¥ AHHo s|Idst=
RE ¥F 5 F-1A ] i3 annotations ¥, HiF EFE F-@AFe] 1D, ©f
713t A AFe] orthologous ID, gene symbol, gene description®] o &

table gl ==ty 8).

js)
_

I oo

[

ol

o

rBLr
-

’
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Expression values distribution across RNA-seq samples for

Brapi13918
o Brassica rapa (R Heat
5 : 49 day ;
. —— 1 |osmases faswaziss| o pollen  ||45.45 days bl P 21,16
By ming siage -
2 GoEsARgs | GSMIA21950 ?;“'“ apa (R0 | tien 45-49 days Heat stress [ 42 174,695
e polination
Transcript
Brassica rapa level
si1059154 | B35 flow el
3 Gomosos | (s lower | blooming stage: |5/ None 20.184
only
oMen 540 Hays 4 £sag5s | Gemidz1o5s | Brassica rapa (Reo- [Fertilized | 15 g oy et res| & 27.377
18) oulle Control
e |l comaatosa| Basica rapa (o [pertitzed [l 1o g Heat stress| 5, _—
18) oaile control
6 Gmaz1956 | BRsIeR rapa. (Reo- | Pertllized | 15 4g 4 Heat stress | 42 15.09
18) ovle
7 Josmsmass |oswiazigns |t rabe (R fReriizRd s s days Heat Stress | 42 13.387
Transcript
— Brassica rapa subsp. | fertile B (=1
8 |osrrar |esmosiziz) M fertle o |reprotuctie stage | 'S¥el - one 13263
only
s |oses G195 | BassieR rapa. (Reo- | Unfortilized | 15 4g gy Heat Stress | 42 11896
18) ovle
10 losesassn | osmdzisss | Bassica rapa (Reo- Junfertlized | (o 1o o o Heat Stress |, e
e 18) Control
Transcript
< Brassica rapa subsp. | sterile - level )
11 |osmrazz |esmosiziz) BEescn sierle o [reproductive stage ] Vel none 1.804
only
Brassica rapa subsp. o Jcontrat o —
i [osmies | osmasmses| porersitnar, |toar |24 atter G e i) oo,
GSI1955559 ov, Z5N5) tratment treatment [ PU"® WAt
] 50 120 40 240 - p——
11 | osesamen | commaziass| Brossicn rp (R0 |y | Fultydeveloped | et stuess] ) s
18) green seeds control
AE F EF F4 Bra013919¢] <% RNA- ledl s
a8 7. A) A H S 22} Bral seq sample i

expression profiling B) Bra0139192] expression profiling®l ™3 detail

Brassica Experiments - Gene Search with |ID or Sequence

Description v

col

Result by searching keyword: photosynthesis

: : A.thaliana
Identification wiihlog
ATHGEE190 (E=82-054) ATLFNR1, FMR1 | FNR1 (FERREDOXIN-MADP{+)-OXIDOREDUCTASE
ATLFNR1, || 1); MADPH dehydrogenase/ electron transporter, transferring electrons within the cyclic
1 ATEGEETI0 2 £ - + 4 E B i
FHR1 electron transport pathway of photosynthesis/ electron transporter, transferring
electrons within the noncyclic electron transp
7 ATEG46110 APEZ, ATEG46110 (E=8e-194) APEZ, TPT | APEZ (ACCLIMATION OF PHOTOSYNTHESIS TO
TPT ENVIRONMENT 2); antiporter/ triose-phosphate transmembrane transporter
3 < ATSG46110 APEZ, AT5G46110 (E=1e-191) APEZ, TPT | APE2 (ACCLIMATION OF PHOTOSYNTHESIS TO
= - - TPT ENVIRONMENT 2); antiporter/ trinse-phosphate transmembrane transporter
i e ATBG38660 (E=Ze-113) APE1 | APE1 (ACCLIMATION OF PHOTOSYNTHESIS TO
< ATSG38660 [| APET ENVIRONMENT)
AT5GE6190 (E=12-179) ATLFNR1, FNR1 | FNR1 (FERREDOXIN-NADP{+)-OXIDOREDUCTASE
ATLFNRT, || 1); NADPH dehydrogenase/ electron transporter, transferring electrons within the cyclic
5 ATHGEETZ0 i Al - o Lt : R i
FMR1 electron transport pathway of photosynthesis/ electron transporter, transferring
electrons within the noncyclic electron transp

13 8. BrTED® GENE SEARCHOY A PhotosynthesisZ keywordZ A E #AH ulF
EF FA4AX AW 3 23
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3)

(1) BLAST A¥& & 8

AREAF7E QLo HArshal e AUVIAYE 2 ofnxAl AEE o
BrTEDO A &1 7hsdk w3 %5 frdxted digh #dd JuE d¢
2} 3 o GENE SEARCH®C] BLAST #HA 7|5& o3 $ St}
sequenceE inputl.Z 3k 7 Ao tste] BLASTN, BLASTP, BLASTX 7}
APE 1 lor BLASTS] dlolgH|o|~2 A B rapa whole genome,
coding gene sequence ~L#] il protein sequence’} Z}Z} 1.2 version ¥ 1.5
version® = &-§-o] 7}53tH( 1 6.B).

2}

o
ft

2

ol
=

]_

)
2

DEG ANALYSIS
DEG ANALYSIS+= #AlAle]l A5-%xleo] NCBI ¥ EMBLel %3 859

3
Aol wHEF 9 o] gk normalization 2 E F okt wFoltt,
A BrTEDS] 449l data poolzA F=HE 10712 M=z s 23 W
A (g 9) stye] AARAl dlolH & wkget= 2719 AES AT A
Stal o] M2 & F ZHA =gy DEGE annotationd} A &l
& g Ak FHlolA] AelA AAEHE A AR AH Z2A sk
DEG®2] GOe°l t3t grouping = KEGG pathway ZFoll 41 2] mapping ¥} #2<
F7FA QL Ao 7hs stk

= 2 rﬂL AN

Brassica Experiments - DEG Comparing

ments. | Experiment
ﬂm
number
GSE23409 Comparison of root and leaf samples from Brassica rapa spatted
oligonuclectide
7 E-MTAB- Transcription profiling by array of 10 days old Brassica rapa ssp. chinensis seedlings || spotted 6
2386 treated with Zmm methyl jasmenate by spraying and harvesting 48 hours past treatment [ oligonuclectide
i Comprehensive analysis of genic male sterility-related genes in Brassica rapa using [ in situ
3 GSE47665 s e e RS £ s £ 14
Brassica rapa 300k microarray v2.0 oligonucleotide
high-
4 GSE43245 | Transcriptome sequencing of Brassica rapa tissues throughput 8
sequencing
L B . . B . —_— s high-
Elucidation of stress memory inheritance through epigenome alterations in Brassica rapa
5 GSES IS tl E 2
5 GSESB835 plants [RiA-seq] hroughput ]
*® = sequencing
Global Analysis of the Transcriptional Response of Chinese cabbape (Brassica rapa ssp. [ high-
& GSE51363 pekinensis) to Methyl Jasmonate Reveals JA Signaling on Enhancement of Secondary | throughput 2
Metabolism Pathways sequencing
] st s la, . i SN Firy high-
Transcriptome profiling of the défense response following elicitation by a bacterial | 18 ;
7 GSEE9785 pathogen or flg22 .hlnughpu_ 12
sequencing
8 GSETA04A Transcriptome analysis of Brassica rapa near-isogenic lines carrying clubroot-resistant h':?_'zu Ut 8
B and -susceptible alleles in response to Plasmodiophora brassicae during sarly infection 2 snp
sequencing
i . : " ¢ = : high-
Comparative transcriptome of the fertile and sterile buds of enic multiple-allele ,
GSE774 $ X : stk ¢ 2
g GSRETaL) inherited male sterile AB line in Chinese cabbage Lhruughp‘;u; =
sequencing
10 || Gse7saes | Physiological characterization and comparative transcriptome  analysis of a h'::f:gu Tawit &
© | developmentally retarded Chinese cabbage (Brassica campestris ssp. pekinensis) mutant ;equeicl;né

29 9. BrTED 38 w32 HAA 2@ v 438 2 o8 74s= AL A%
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(7F) 7o) & DEGY Ad

AFE2L7E BrTEDOI A Alg=& 10719 43 & shus Y

Mz e xd¢ F AEed W3 DEGE #J3% 4+ 3t DEG

ANALYSIS®] 3 WA 4 #ejxo = F AEoA veitbs AA €

s vagith 7 AEol A YElyeE DEGO tEgto=A Fdgk vl
7 AR skl log 2 fold changeE A4S o e

up/down regulated gene Z}Ztell tisle] Auigks 7oz FHA 1071, U

200714 DEGE At=3oH (€ 10. B,O).

T AZE el A el DEGO tid w42 1344

3t g 2EES php ZHEZNA BrTED &% A3 R scripte] th

e}

!
K

EYPFo] ol& ¢lo] oA ol xHel utA H3kste] ALEAtel Al A A]
&t F

A HolA 3pd Ado MeE 2MoA F AZo] )3k control/treatment
#A9F DEGE] thresholdE Aoz st 4= (2 10. A).

A Selected Series: GSE49785

¥ 10. A) DEG &4 ¢ Adegd AEY detail B) Adgd AEF 719 top 10
up-regulated DEG C) A€ d AZE 719 top 10 down-regulated DEG

(1) R scriptell ¢gt DEGY &4

ARg 2ol o8] 5 Aol AeE F el MEFLS control/treatment ¥
A3 2 log 2 fold changeol W3} threshold =4 ©°]% F7} B4& 43
St threshold &271S TFA715 AA 429 49 up/down regulated
gene?] & A A4 9o mAISY. FA SE 9 tableol = BrTEDel 7|
F5o] = wMF EFE FHA DO EAWE A D, AEE TdF,
183l log2 fold change =22 ¥ o]x] Ao FHHEH(2d 11). SORT
wA& S8l log 2 fold changeE &A= (DESC) &2 W®©Ak=(ASC)L
2 Add F ddon =¥HH ¥wiF EF 8% IDe 7 IDe| uig
annotation F| o)X 2 &lo]|HYAE EF e SFAA st ARE I

PN
T A
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Selected Series: GSES8895

Info First sample Second sample
Sample GEM1421944 GSM1421942
Tissue leaf leaf
Notice Extraction Time: 32 days Extraction Time: 32 days
Treatment: 42 Treatment: 22

Total 643 lines have been detected as a result.
In this result, 374 genes are up-regulated, whereas 269 genes are dm-.rn_regulacﬁld.
¥ou can sort this table with log2 fold change values|Decrease or Increase order is available).

If you want to check B.rapa gene’s infarmation, Please click the GenelD you want ta check in the first column of table.

| DESC  [SORT]
DEG_ANALYSIS|

Geneln |t iamne, ey og.fald change
Bad0001% 4.38114 0.831752

Bra000053 6.5717 0.831752

Bra000132 36,1444 301.926

Bra0D00338 33.9538 7.4857T7

BRO003F7 848,845 206.275

Bra00038? 29.5727 232.059

BraD00s 18 7.66659 1.6635

Bra000610 16,4293 1.6635

Bra000707 1.09528 10.8128 -3.30336
Bra000718 2.19057 9.14928

BraQ00ERS 5.47642 275.31 -5.65168

a3g 11. A"9h

DEG &

DEG_ANALYSIS HES
2E7} up/down re

F AT AAA BAFY Aw )

AE T DEG A& ZHe dF

Aglstda Wl 235 7312 ID o2 YEeRd
gulated gene® & 7% 9] log2 fold change®] &
A

Has 7Ieem Wedaeor A9 g A= F 19 tabledl W

oz ZHF A4 Aoz KEGG Enrichment test®t Gene Ontology
Enrichment testE A|&gcH( 19 12). 0|9} 22 DEG g =Ed s T4
up-regulated gene 52 down-regulated gene 1% AFEA}2] AElo) o
3 sHAoR olFoAH 7t axdE yEhd DEG #gZEEs #2E U9
w3 F Ak AEste o 71 tie]l TAIR IDE A$tH Al fvt sk
Y2ES inputo® &5 o= AREAZE dEgk #4 A4S #Fshe
scriptell AEE o] {1219 Enrichment testo] 2oz 2]

Aot 24 A3 1AA SR table FEIE GO KEGGO] E3HE &
o sle] enrich® WlF XF FAAE U g AET E7381A
FAA IDE A AEA7]= 7se AT (2d 13, 14).

L
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1.Up regulation genes

Kegg Enrichment test

6ol

Kegg Ennichment test

1 ATSG18600 (E~4e-052) | glutaredoxin family protein

L AT3602800 (E-72-079) | phosphatase/ phosphoprotein phosphatase/  protein. tyrosine
phosphatase

3 AT1G68570 (E=28-312) | proton-dependent oligopeptide transport (POT) family protein

4 ATSGE7420 (E=42-092) LBD37 | LBDA7 (LOB DOMAIN-CONTAINING PROTEIN 37)

5 AT5G61130 (E-26-069) PDCBI | PDCBI (PLASMODESMATA CALLOSE-BINDING PROTEIN 1);
callose binding / polysaccharide binding

6 AT3G53530 (E=26-094) | heavy-metal-assaciated domain-containing protein

i ATSG48490 (E26-035) | protease inhibitor/seed storage/lipid transfer protein (LTP) family
protein

& AT4GI0210 (E=20-014) ATR2, ARZ | ATRZ (ARABIDOPSIS P50 REDUCTASE 2); NADPH-
hemoprotein reductase

9 AT4G16442 (E-92-056) | integral membrane family protein

10 AT1G26790 (E=3e-102) | Dof-type zin finger domain-containing protein

q ATCVINVT, [AT3613790 (E<0.0) ATCUANVI, ATBFRUCT! | ATBFRUCTY; beta-fructofuranosidase/

ATBERUCT [ hydrolase, hydrolyzing 0-glycosyl compounds

2.Down regulation genes

29 12. Up/down-regulated gene B 2E ¢ Enrichment test 4

A Info First sampl Second sample

Sampie | GSMITORT66 GIAIT0876Y

Kegg Enrichment t=st vleal
Symbol
1 ATCNGC12, AT2G46450 (E=de-116) ATCNGCI2, CNGCT2 | ATCNGCIZ; cation channsl/  cyclic [
CNGC1Z nucleotidle binding / ion channel L
2 i 'AT2G34070 (E=26-077) | unknown protein 4925
5 o ATCHX17, ATG23700 (E=0.0) ATCHXI7, CHX17 | ATCHXI7 (CATION/H+ EXCHANGER 17); [N
cHKIT monovalent cation:proton antiporter/ sodium:hydrogen antiporter a
ATNACZ, ORET, | AT5G39610 [EZ-JE'(U) ATNACZ, ORE1, ANACO09Z, ATNACK | ATNACE (ARABIDOPSIS NAC
4 DOMAI CONTAINING ~ PROTEIN  6);  protein heterodimerization/  protein [ERREES
homodimerization/ transeription factor
ATIG02470 (E-6e-071) | FUNCTIONS IN: molecular_function unknown; INVOLVED IN:
LOCATED IN: chloroplast; EXPRESSED IN: 10 plant
: 4 anthesis, C globular stage, petal differentiation and
4 expansion stage; CONTAINS InterPro DOMAINs: Streptomyces ~cyclase/dehycrase [
IMterPro:IPRO0S031); BEST Arabidopsis thaliana protein match is: unknown_procein [
[TAIR:AT1G02475.1); Has 276 Blast hits to 276 proteins in 86 species: Archae - 0;
ia - 162; Metazoa - 0; Fungi - O; Plants - 29; Viruses - 0; Other Eukaryotes - 85
. ATIG54890 (E=3e-182) | late embryogenesis abundant protein-related / LEA protein- |
related =
7 AT3613310 (E=1e-062) | DNAJ heat shock N-terminal domain-containing protein
i AT1G79690 (E=0.0) atnude3 | atnudtd (Arabidopsis thaliana Nudix hydrolase homalog 3); [EERSY
hydrolase =
W .

1304011 80131 2400

Tissue Ioaf teaf

Extraction Time: 15 days oldfiarvest time: @ hours: post-

Extraction Time: 15 days ofdfharvest tme: 9 hours

infilration)

Hetice post.nfiitration)
Troatment: Psoudamonas syringae pv. facidicols (OD400 of B
0,01, preparcd in 10 i MgCIZ) FrowtiineaisMoct. (ierh 10k Mggiz)

Gene ID Symbol Description EC number
W4 WRIY3, ATIG3B4T0 (E=4o- 154) WIRCYID, ATWRIYID | WIRYD; tramcription i

RS ATWRKY33 factor

Wa ATIGOIBI0 (E=10-041} | calmodulin-rolatad proteln, ptativo WA

CUBTY, ATIGITIO0 (E-To-210) CIBTI, CHGC20, ATCHGEZD | CHBTY
CGCzo, | (CYCUE HUCLEOTIDE-BIONIG. TRAISPORTER 1); calmodulin binding | 1174
ATCNGC0 ! cyelic nucteatide binding / lon channel

ATCNGC3, | ATIGA6430 (E-7e-311) ATENGC3, CNGC3, CHGCI.C | ATCHGED
CHGLY, {CYCUC HUCLEOTIDE GATED CHAMMEL 3); calmodulin binding / | 1A
iGCIC  |oydic nuclestide binding / fon chamel

ATIGIT290 (E-10-297) CPH&, ATCDPED
e rad e AL, DEPEMOENT PROTEIN KIHASE 6); ATP binding / catcium fon binding / §EC:2.7.11,

SRS ATEDRG | calmodutin-dependent protein kinas/ kinase/ protein kinase/ {EC:2.2.11,17
protein serine/thigonine Kinase

CPRE  (CALCIUM

ATPREM ATZG14580 (E-Zo-067) ATPRB! | ATPRB1 WA

ATIGES070 (€~ Fe- 079} RILA | RIM (RPA1 INTERACTING PROTEN
protoin binding

93 13. A) P. syringae @A JeEU}E up-regulated gene®l DEGOIA e
KEGG pathwayWle] ¥iF EF 349 AR B) DEGY KEGG pathway

map ‘3¢ mapping

Visualzation,

T e e ™ S

sexual " .
e orodiction 31682 ‘smmw Bra009613 Bra036070

multicellular

B

0K organism 5 5/692 Bro010453 Bra016512 Bra016070 Brab37113 Bra037112
reproductian
melotic  cell i 5
LT i 4 41692 Bra01 1509 Brad15436 Ba020835 Bra0t4416

Bra00181!
Bra007243 By

Bra00645|

Bra01 1422 By
Bro012999 Brad| 3426 Bra013384 Bra0i3714 Bra0l
Bra007243 Bra015048 Bra013306 Brag15307 Brod1543

compound

metabolic 125 B

Bra0d0159 Bra021047 BralZ 1048 Brab:0159

2001921 Bra001972 Bra0?3643 Brad02112 Brol0Z747 Bra003239 Brad 14692
9003666 Bra003828 Bra015964 Bra00+388 Bra0-473 BraQ04540 Bra004736
Bra004767 Bra017117 Bra003104 Bral(5775 Bra00A178 Broi06195 BraD0197 Bral06210
Bra006749 Bra006864 Bra003239 Bra014692 Bral07243 Bra007426 Bra007869
Bra008131 Bra00B415 BraD0919] Brad0YERS Bral16563 Bral20546 Bral10419 Bra011299
011461 Bragi1509 Bra01 (529 Bra011545 Bra01 1880 Bra0|2269 Br

Bra000330. BraG00366 Bra000193 Bra000S57. Bra001377 BAa0O1T52 Bra03819 Bra022436 %&

nitrogen Bra003828 Bra0|5%4 BraD16252 Bra016389 Brabit+37 BraDl6512 Bra03 10!
Bro016833 Bra017117 Braoos104 Bra0I7264 BrodI7408 Bra0i7495 Bra017623 Bra0 17800
Bra017871 Ba0I8725 Bra0 19052 Bradi93d Brad19i0é Bra019776 Bra020179 BralOdH
process Bra036563 Bra020546 Bra020574 Era020713 Bra037506 Bra020835 Bra021047 Bra021048
Bra001752 Brol38219 Bra022436 Ba029107
Bra02260% Bra023%98 Bra023643 Brab02 112 Bra02 3651 Bral23400 Bra0z6280 Bra027057
Bro028202 Bral28918 Bra029107 Bra022605 Bra029553 Bral30246 Bra03030 Bra0316d

Bra30748 Bra030989 BraD31035 Bra016553 Bra031043 Bra031042 Bra03(043 Bra031042

Bro031568 Bra031649 Bra030748 Bro031503 Bro037601 Bra032665 Bra032762 Bra032843

Bra033431 Bra033436 Bra034413 Bra034705 Bro035320 BraD36327 Brad36360 Bra03Es5¢

Bra0098B% Bra036563 Bra020546 Bra020713 Bro037506 Bro001752 Bro038219 Bea022436 .

Bra038494 Bra038509 BraD3926% Ha039755 Bra02 1047 Bra02 1048 BracHO15) Bral40357 i
2

a9 14. A) P. syringae 29 At#E ol W3 DEGEY GO grouping B) ZEE 7N A o A
U el = up-regulated gene listd] ¥ GO network image®] A]Z3}
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(t}) Heatmaps &3 &&= A17}bs)

DEG ANALYSIS "ol A AAl®l DEG &4 dafel Al ARl of&] A
4 thresholds F=3dte= W5 F G2 it dRwrs 48+ o
AS FE37] g das a2 P 20 2 Ao uE AlE
Zhel o8] dele B4l AEd A YERhd B fHA 2@ &S data pool
2 285l text areas oA el FASAT AFEAE HARS g
o151z}t 3t HiF EF FAAF IDO ek B AEE text area’doll ¢ 235}
A HHE Adead AEE AolA g FAA g2Ed tig ddFS E9 6t

il ©] & Heatmap plot®] A o2 ¥t ArH(2d 15).

........

iy

Color Key
and Hi;

Brano4agss

L Bral40s5a
Brag4a0s1

Bra004060

I | Bra0lq0sT
Branga53s

Bra003sze

Brad31878
Bra039120

GEM1242355
CEM1243356

2% 15. A) Heatmap plotel 9 w3 ¢ ZF 9 meJA A FF o
Z+3 2 clustering B) Heatmap plot T4l A€ ¥ wWF EF FAXLOX
family)¢] annotation table

(4) GROUP EXPRESSION
BrTED®] GROUP EXPRESSION "lvi+= HjF9o] = 8 A2jo] s A}
|A7F A8 e FAdel thste] WsA o g2 yEhte= DEGZF ofd
Aol lFH= FHA H2Ed i HAZFS AT F d= s
A=t
Hruel FAe 2SS Fa A3E E=€etd el e A
o] gJ~E9l 1o Whd zHEFE annotation©] table Aboll uERdTE 1]
table $1¢] dynamic chained select box optiong & A| &
= RNA-seq ¥ Microarray A Zol Htsle] 2898 FdAE0] Agd A
ZoAe] HdFS T 4t Eo FA Ao Yed AawaE %
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i
(3
123

rel

o

51 & log2 fold changee_ 3l Hl sto] 2z1e] ztold 9
3 54 e Jae] wd7Fo] ofg A WEst=AE AT 4 T
GROUP EXPRESSION®| A A Al 7}A] 9] fdxte] &5 7150 AT
I deH (¥ 16).

Ist. Determined group annotation service for gene family in Brassicd rapa

submit

il Screening daenas in spacific Chromosome region

i. Customized group annotation service

il

13 16. GROUP EXPRESSIONY Az 18 &9 ¢4

(7F) ¥lF9] gene familyol ot 219 HH = b=

2] MADS BOX, VQ motif, Leucine Rich Repeat, NAC, MYB, 1%
i WRKY familyel &3te 459 #2EE £dX2A 2 ¢ Fdo]H
Hlo] o o] AME EaA familyE 2 A sA . AF&A7F select boxoll
A 57 familye] o|F& AElsld A3} Ho|x|o A Aeld familyol s}
= WF ¥+ 542 ID9}F gene symbol, EC number, gene description©]
Z9 . o]F A oA oA AF3E RNA-seq AES AT & gl
= select boxollA 54 AE IDE A8ty ld MEF UolAe 54 gene
familyoll &3t W3 ¥ Fd29] @& @9 normalization® S el

PN
T A
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() w9 25 FdA Ao 54 9] w4 =4
A

WE EE GAA 12 versiondl A wWF) HE HA% el v 9%
Ans Gad - B

o] GROUP SEARCH W7ol A w5 %<& #F3AE filtering
TS TdsAth AFEA7T select optionol Al BHAS 3=
chromosome WM& & A¥atil AHE chromosome o =% ¢4
2 AT FA AR AAst s F Bl e EeE S £
A 7F EolE Alel 2E A A T4 ARS JHsA &2 A F default
option®] &= A2 A H o] % 100,000bp e F9& AES

2
Ane 293

gkt

L -
g Ue 7

_

A
H

(th) AFERFol o3 Y= w3 5 42 3 annotation &
A&A 7Y B el s dst A
BRAD 7| 4% IDE 13 , °] 7212 IDE GROUP SEARCH

9] text area®ll ¥E = Jgslo] o]of th3dt annotationS =H T 4 Utk

(5) MIRNA
32l miRNAS A¥ 3 79 binding sites <=3 FAS FH3 1
2 el AAE miRNAZRS] vlaE s =8E 2= miRNA
+ precursor sequence?] WF X+ FAA Fe EEH AAE VTR 1
A o7 2350 precursor Aol A mature miRNAZF 2aw = 9%
S 7|22 2% groupinge F&SATE HlF BT FAA o EAlSEE
miRNAE EF3tx =584 x5 7|59 % mature miRNA sequence®]
unique positionS &elsk Ay F 1055709 position®] mature miRNAZ}
2135k o] 49670 ¢] miRNA family® E/7F 7153 AS &elsgth

=

it

A searcing option: farriily B

Total 6 miRNA groups related to 1 are now displaying.

O T e |
B e e )|

2% 17. A) miRNA family¢l miR1649] o] A A A3 B) Hj
A precursor sequenced| T3 AN A=

W
FH
M
Jo
0]
2
o,
Lo
i
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(6)

miRNA°| tha A4 Ao ZA miRNAC family® miRNAZF FZU <]
binding siteZ %3 targeto & 3= wlF E+ 449 BRAD ID7} Al&¥
T}, miRNA family® AN 4A$ keyword® A&H¥E miRNA family 9
precursor A E& EHA 07 codingdts w3 5 FAA Ao ZF 99 ¢
A4 87 BrTEDO A F-ofgk ID ofefell HAE o] EHE &9 A
miRNA family?] dlo]H #5325 %3 miRBase(www.mirbase.org)e] & A
Hol He 4 duh =3 reference 4o slolHHAE 53] ZF mature
miRNAS] AR E A2ksk 7] g F3lo] 9Jxg A Holx|d H& &
ATt (2 17.A).

group 42| BrTEDolA ¢33 miRNA precursor®] group ID2| 3&}o] ]
Aol H&EstH aF group®] WiF EE A BolA Y fXE A
Atk ma F=He FH) A mature miRNAS ##H A K9} target geneol
gt s 48T F (1™ 17B).

> o

KEGG
KEGG "ol s dA <4az 41,020 782 vis F5 F1 Ao H ke
KEGG pathway annotations ¢35} % th(Kanehisa et al, 2017). °|& &
Zb fFAA7E ojm gt A pathwaydll 2&= o] &3t A dig 4
HE AT & JEE vwE AASIATh 5 dolg o] o e A
o]t} R package 5& AF-&3% BRADOIA AM&H &= viF: & 44 IDE
FHe KEGG AE FFo] ofggl7] dwzol wiFel Hls| Aio=
pathwayell st ARE A AAAZLD 5 A= of71ddle] TAIR IDE W
Mz wiFe £+ F34F IDl KEGG pathway IDE AZ43= 29S 53
s} Aok
KEGG annotation ©]%, of7]& ol thd KEGG pathway ID %
description, 18] 1L ¥WlF ZF F4A IDE keyword® 3ol KEGG W79
AN &AS FAE AT KEGG pathway &8 keyworde 7S E3) 7
A Ao A A et pathwayol thek IDS AKX 18]3 3]F pathway ol
¥ = WF X FAAe g 2ET} table ol YERGTH I 18).
AA A7 e table g9 A HA 9 KEGG pathway IDE A1H)
st a9 pathwaye] Al AHE F=H3sH= BrTED Wl oA & I3
T Atk ©] pathway AH FolA = o]&Ate] °ate] 83H KEGG
pathway IDo| ofgt 7+eFsk A w3} pathway map, L83l pathwayol ¥3
= RE wF ¥ FdA ID9F o] thdt annotations E3F3ETE |
o] x| Ao Al o] 827} KEGG pathway IDE 23 stolyydaE F3
KEGGOA #d AHARE 2 & 5 o, 54 x7steA e
KEGG pathwaydl #&d¥ A ddGFS AAA AES desie] g
%l % Bt 7hs et

o

)
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KEGG pathway ID list(Based on A.thaliana)

The results related your keyword: ath00500

Related penes in B.rapa

Pathway
1]

0 Bra
B
Brm
Bra
) Bra
) Bra
) B
Bral
Bra Bra
B i Bra
4 Bra Era
Bra ! Bra
Starch and B Bra Bra
sucrose Bra 2
i metabolism { Bra
< 344 Bral
>genes 3 B
] B
E
B
1 By

Y 531 51 59 [ [0 [0 e

]
ai)
—
o
=
=
D]
)]
(o]

8
=
g

)

<

S
2
5
o
S
o
=
S
2
r_ﬂ,
e
it
=
Ay
=3
M
Jo
R
b
Lo
L
>
[l

STARCH AND SUCROSE VETABOLISM, .
(N

S o [T 2
EETED: i)

1 gise
fFer)]
Dk 48Dt Ry M T Sample 1D orgarniam Trestment

T ) BET—vo-— o Gomtar i)

L=l — csmiomai [Brassicarpa fhita) s |t s o v estiation any ()
s (=)
kil bl e | ype: Tt v estmagon ony (<]
Geneld

i AGIT0 (€00 ATCWNI,  ATHRCTI | ATBRUCTE bete] 1y s
Ftatimesiiniel hroise; kol i Oryossi oty
Voo r110| AG80130 (-t 25% 0, 57G2, BGLU30 | DI (OARK IOUGILE 2 oot | gerozs o gaaeen
. ot
[Ezm ) [ | TIGHTER (-2 B | Bt (BETA GLUCOSDASE 4 b gy yoeJocares
e e, v

T
DTN o

i s M DSt s
&l =3
i

2

7 sencimons | AT611920 ANV | AtcwlNV6 (681-fructan exohydrolase]

(E-3e238) 7
hydrolase, hydralyzing O-glycosyt compounds / inulinase levanase | (i

P PR
;! e PR iz e o BT o +3— 5 [F6278 | 402330 -6 299 ATPHERCR® | ATPHERCHS pctinesterase 2 o
oDk [Ex100] —— Collpantuose. Collotriose Colibenn
3 o i | 310720 6w 27 | poctimeterse, pateive T
e >
P PR Py N i P
oo tohranosidose! Tyrolae:ydolyzig g compouns

. L] B RT2G475% (Ex1e.27) | pectinesterss fanily protein I
- il B | Gt 1) G, 2 8 | O A LGRS oo o

—5 iy =
e o [omums | 263280 E-te-20% BGLUSs | BGLUR (BETA GLUCOSDASE 0 cotshtel | reom  |oroones

SR oo

¥ 19. ath005000] W3 AR &3 A, A) ath005009] pathway ©|7|X], B) A& t©}
2 % zZ(GSM10591537% GSM1059159)¢1 4 &3t ath005009] #HE #3d
Aol AP va Ao ¥
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1. Tuu $% =3 dolEMola TS A% W An 54
s

gd&at7] A dZv A ARE FAHeE FHE
28 Cucurbit Genomics Database(www.icugi.org/cgi—bin/ICuGl/index.cgi)
9] Download 9 9olA 2013, FHle] X+ FHAAZA FHE A5
97103¢] fFHdA AHEE FHFATHGuo et al, 2013).

Fube] AAbA W AT Wol AR I Fro AYAE 98] NCBI
9] Sequence Read Archive (SRA: https://www.ncbi.nlm.nih.gov/sra) % 4]
o=z dolgHo]xe] 7]E FAo FQd HARE IR B B IaAd
Al 71ET RE AEARSAH z2te]e B AFHAA] A SF E3 dolH
W 0] 2~(168.188.15.201 /vege) 7} A= o] Q= AWolA o] FoJH i At 3}
A 7z ek FES EAEew ddE 50TB AGEI, 1TB
memory 123l 32 CPU coreZ system resource® -83lo] =385 9]},
EoAx dxo] Y Fute] §F 53 dolEHol A dA, Y 1A
&el Hetel ofa Lol FlE ol &t Fete] 2pglor H&E 9 o] §
o] 7F&3ltH(URL: 168.188.15.201/vwatermelon).

E LS9 A 2 dolguels FHL A% /% AR AF dolguolx

Database Retrieved information Address

Protein redundant sequence
Raw reads for RNA-seq

NCBI GEO http://www.nchi.nlm.nih.gov/geo/
Raw reads for DNA-seq. b gov/g
NCBI ID related biological info
) ) Genome sequence o o
Cucurbit Genomics coding gene sequence http://www.icugi.org/cgi-bin/[CuGl/geno
Database Protein sequence me/search.cgi
Gene location annotation file
Pfam protein domain annotation service http://pfam.xfam.org/
GO ID ftp:/ /ftp.ncbi.nlm.nih.gov/gene/DATA/gene2go
. gene description ftp://ftp.nchi.nlm.nih.gov/gene/DATA/gene2info
NCBI FTP server Plant protein sequence fasta file ftp:/; ftp.nchi.nlm.nih.gov/refseq/release/plant/
KOG information ftp://ftp.ncbi.nih.gov/pub/mmdb/cdd/big_endian/Kog_Be.tar.gz
Gene Ontology consortium  EC information http://www.geneontology.org/external2go/ec2go
Uniprot Additional annotation information http://www.uniprot.org/uploadlists/

_90_



AA FHb A e VE AFEFE TE A Wo] dHeolHE
A7) ¢3sle] =uFe] Whole genome sequencing project (Guo et al, 2013)°l
A AlEE 97103 Ve ® EF FAAE s A ©o]E reference®
3ol re-sequencingZ} FdE 204159 genome re-sequencing Y-S
NCBI®] SRA°|A SRA052158= A % dAzho] 7l5slt}. o]& A48 A
H2 gREgk o] GATKE TASR 753 go|xells T3 7t
st (18 1) 8" AEE9 reference genome$! 971039 ™3k InDel %
SNPol| thgt Wo] FArE Aikstarzt skglom =9 AE3 1 sequence
ARE ¥ 29 2

¥ 2. ol AR AL 93 SRAZHEH £33 2071 A S sequence &R H

No. SRX ID Accession name SRA 1D ligggy read length
1 SRX146279 JX-2 SRR494422  PAIRED 45
2 SRX146281 JXF SRR494424  PAIRED 45

SRR494425  PAIRED 45
3 SRX146282 RZ-301 SRR494426  PAIRED 45
4 SRX146283 XHBFGM SRR494427  PAIRED 45
5  SRX146284  Black Diamond  SRR494428  PAIRED 45
6  SRX146285 Calhoun Gray SRR494429  PAIRED 45
7 SRX146286 Sugarlee SRR494430  PAIRED 45
8  SRX146287 Sy-904304 SRR494431  PAIRED 75

SRR494432  PAIRED 45
9 SRX146288 RZ-300 SRR494433  PAIRED 45

10 SRX146289 PI482271 SRR494434  PAIRED 45
11 SRX146290 PI189317 SRR494441  PAIRED 90
12 SRX146291 PI500301 SRR494444  PAIRED 90

SRR494439  PAIRED 45

13 SRX146292 PI1595203 SRRAG440  PAIRED e
14  SRX146293 PI1249010 SRR494443  PAIRED 90
15 SRX146294 PI248178 SRR494446  PAIRED 90

SRR494437  PAIRED 45

16 SRX146295 PI482276 CRRAMASR  PAIRED e

17 SRX146296 PI1482303 SRR494442  PAIRED 45
SRR494435  PAIRED 45

18 SRX146297 PI296341-FR SRRAIA36  PAIRED e
19  SRX146298 PI1482326 SRR494445  PAIRED 45
20  SRX146280 JLM SRR494423  SINGLE 88
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Calling Variants with the GATK

PHASE 1: PHASE 2: PHASE 3:

NGS DATA VARIANT DISCOVERY INTEGRATIVE
PROCESSING AND GENOTYPING ANALYSIS
Typically by Lane Typically Multiple Samples
Simultaneously Raw Variants External Data
Raw Reads ‘( SNPs ] [ Pedigrees ]

|

Sample 1 Sample N | Population |
Mapping Reads ) Reads Indels Structure
l > Known
\ Variation
Structural
Variations Known
(SVs) Genotypes
Local ;I—)
Realignment 1 AL i

Variant Quality Recalibration

IS
3
c
2

|
i

Duplicate
Marking

| SNPs || Indels || Structural T
= ————— Variations
Base Quali 2
Recalibratigl L (SVs) Genotype Refinement
l Raw Variants il
S——
Analysis-ready n
Reads
=~ Analysis-ready Variants

——————————————————d | E————————

a9 1. GATK Foj=gel 7ls

(3) w=uk HALA Are] 3

bl st el Citrullus lanatusE 7)Y =2 3ol NCBI Sequence Read
Acrchive (http://www.ncbi.nlm.nih.gov/sra)oll 4] ¥ ¥ transcriptome d o]
Hol 55 9 A=2E A3t o]F oA high-throughput RNA-seq Hl
olElE w2 AWM wget o] (wget -c¢ /NCBI ftp A¥de] 3t
AAE/NE AHEste] EA R gEr=stal & Qo] o|Fojd 5A
ol Axstdom R 26709 wlelgeo &HE B VEARE & 3%
2ok A A=Y (GSE69703)# (Li et al, 2015) #+ AlE< 97103
(SRP012849) % oFAF (SRP051354)¢] = (flesh) @ 3 (rind)el A1 9] 3}
719l Aol A o]Fo A7 FHA ] thE RNA-seq gholH
H2lE 7153 29 (Guo et al, 2015)2.2 E7FT 4 AT
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¥ 3. 4% 49 ¥8d¥ 4 transcriptome® RNA-seq A E
*DAP: Day after pollination
Series Sample ID Line name Tissue Read type status

GSMI692542 DAH3615 floral bud A 1ppD  fertile
GSM1692543 flower

GSEGIT03 GSM1692544 floral bud
GSMI692545 DAH3615-MS flower PAIRED sterile
SRR494406
SRR494407 10 DAP
SRRA04400 15 DAP

97103 fruit flesh SINGLE

SRR494410 %6 DAP
SRR494411
SRR494414

SRP012849 SRR i
SRR494416
SRR494417 10 DAP
SRR494418
SRR494419 . 18 DAP
SRRA94420 97103 fruit rind SINGLE 25 DAD
SRR494421
SRR494412
SRR494413 34 DAP
SRR1724899 10 DAP
SRR1724900 18 DAP
SRR1724901 . 26 DAP

SRP051354 SRR1724902 PI296341-FR fruit flesh SINGLE 34 DAP
SRR1724903 42 DAP
SRR1724943 50 DAP

2. £ A FUE AR ANNE TR AEARA 4D

2
7F ek f- A A o A prediction® 23,4407
Cucurbit Genomics DatabaseZ58 X3t 1.0 version 44
A A genome size”’} 425MB =5°]™ Whole genome sequencing project?] 7é
7} 330MB7} E@|AE2A dA ol§ Tt
7082 chromosome}
o AT} dFo] | A=
A e 584 fAE 7IAg
st BE Ak
o] El W o] 2o A annotation®.ZA] AFE3F 1 99l GO
(Gene ontology) ID, EC (Enzyme commission) number, gene description,
KEGG orthologue, Pfam domain A X553 22 H7}
of ettt 2= 9 7 A &

1170 ]

3l o] &
=

el

Z3) oo

(ol

=3}

ALl A e 19 13 2ok

oA Sk
gff3td 7} protein 2
VNEARE A5

Fa ol Foixw
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E 4. 94239 23,4407 F1 f AR annotation®] A& ¥ program % tools

Program/tools Purpose
NCBI°| 59 protein sequence©] T3 homology searchE E3f <4t
42 ID NCBI®] GI number 5

BLASTP W o] KOG (euKaryotic Orthologous Groups) DB +A& &3 48 FHx
Dol i3k KOG AR Fof

In home perl script -t T"rﬂ 1} Do Fo¥ GI numberE 7|22 GO ID, gene description,

Pfam batch search Fox FAA 9] domaing 2E

Uniprot Retrieve/ID mapping TH A Xq Z} IDell #-o1% GI numberE 71525 gene symbol, pubmed,
panther ID A X E 5

KEGGREST R 7oA u §4x ID] H % GI numberE 7|F 22 KEGG ID #9

[23,440 protein sequence ]

1. BLASTP to NR 2. BLASTP to KOG 3. Pfam batch search

v v

[GI number] [KOG ID]

4. In-home PERL script | 5. KEGGREST 6. Uniprot ID mapping

v
EC, GQ, : l KEGG ID I PANTHER, pubmed ID,
Gene Description Gene symbol

a3 1. 38 QKA annotation®] workflow

(1) BLASTPE %3 NCBI GI number2t KOG ID9]
gHg 23440 7Re] FHF 2 IDE G7)/daE A
oMM RIS AREA ZE7] wjFol] EE Fuke] wd A
o)A 433 Non redundant (NR) database (2% -2
KOG databased] thdle] BLASTP Hzlste] Fo]x A de] NCBI GI
numberét KOG IDel ti3h ARE 95 = A}

(2) Hash scriptE 3%+ annotation (EC, GO, description)
Gene annotation®o] ¥rd & 7|2 A4 Q49 F£H& NCBIY ftp AH
2 Gene ontology consortium®] # o] A o] TR FH o] x| Ao I
d A5E T3 FHel 7teadoen oE #wma AWM vi editor
2 %% 7}%@ gdo] HE|Z gene2go (ftp://ftp.ncbi.nlm.nih.gov/
gene/DATA/gene2go: NCBI ID, Gene ontology number <} 19
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description 9¥ #A 18] 31 Biological process, Cellular component,
Molecular function %), gene2info(ftp://ftp.ncbi.nlm.nih.gov/gene/DAT
A/gene2info: NCBI ID % gene symbol ¥} gene description ¥ A X
7140), ec2go  (http://www.geneontology.org/external2go/ec2go: EC
number®t GO ID ¥ AKX x3h)e} 22 Fd oz A5t
Aed ARELS 7 Bdue] dHeolHd 93l GI numberg Zi 3l7]
jZoll o] A#AAE o] &3t BLASTPE &3l 8 FHdxd dlg¥ GI
number®] EC, GO, gene descriptions AZAAZA = St} o]E A3}
Q& AA A o2 perl scriptE /Es o o]= PERL 9]¢ Hash 7]%
S B3 FFE FdA DA Fo¥ GI numbergs 7|Fo 2 ol Y=
EC, GO, gene description®] 3t X E gene2go, gene2info, ec2go] A
oot FoAH FHA DA Fofshs WA o2 AAEo] Folxl 7es
R

(3) Uniprot customized annotation®] 7}

BLASTPel ¢]& GI number’} Fold 9 34 IDES oz o

Z GI IDZ Uniprote] ID mapping service(www.uniprot. org/uploadhsts/ )oll

dHste] (29 2) AFEAFe] 93] A% annotationS A3l ©]E text file
o g2 g=Es 2 = vl GI numbere] 2]& Uniprot database@
FH F=% annotatione Organism, PANTHER ID, Pubmed ID, Gene
symbolZ AA3Fom outputd THEEE WS o]E o] S g B A
2 ol¥ste]l SED WH oS Fdl organismsg H7F A=Al EFEA &
= P& AAsA

O

_95_



1. Enter ider separatad by spaces or new lines, into the form fisld, for axample: x
Pa154
ALBU_y
Fwark with them n this websits. i
identifiers or vice versa and download the dentifier lists. 2 wart o snother identifier typs, sslect the sourcs and target typs from the dropdawn menus.
2. Click the Go button.

_@Help BHeip video B Other tutorials and videos ok Dovivads

Information

um | License & Gisdlaimar

29 2. Uniprot®] Retrieve/ID mapping service 3 ©] ]

(4) KEGG Orthology ¢l 27}
FEF Fd A 23,44070 €] NRell gk BLASTPE &3 €2 x701¢ GI number
£ text file® YHE11 ©] & R package?] KEGGRESTY inpute & &2kl 1
g R AWl A for loop™=S T-4d38te] input FL o] GI numbers =%
© % packagellol 4=ste] Lo s Fsl= KEGG IDE package Wel library
23Y FE3t9] GI number®t KEGG ID AFe] 9] A4 #AE outpute = A4k
StATH(LE 3).

#!1/ysr/bin/Bscript
setwd (getwd () )

library (KEGGREST)

print("package has besn loaded.™)
path <- getwd()
file_ID <- paste("unig gi number list",".LzL",sep="")

gi list <- read.table(file ID,header=FALSE)
total num <- as.numeric(nrowf{gi list))

Hfor(i in I:total num){

target <—- gi list[i,l]
print{tarcget)

info <- keggFind("gen=s",target)

outputname <- paste(target,"”.Lzi",sep=""})

write.table (info, file=outputname, sep="'t", guote=FALSE, col.names=FALSE, row.names=FALSE)

=}

19 3. KEGG AH FE&& EFH2o=2 FAHH R script

_96_



(5) Pfam scannings &3 49 A 242 domain 2
=]

2344070 A 1D wulA A AAe domaing A EE7] ¢ske] v A
A fasta FLS sed HHAE E3f 719 fasta FLd=E Yo 7 ud &
x4 o 2 Pfam(pfam.xfam.org/search) @] batch search #|o]#|o] <=3}t

(19 4).
P g dole e Ay J=HE AHEAS wd AFORE AL o] ZFH
< 8o A3 S HAE PAOoR A T gms FA AHE o

gto] cat @ ® stuE FHFSFAT vi editorel A %e@d g 2L FEH

= s AAToEA Fuke] ZF FHA A EAstE =EdlEY TR

Pfam accession number BEE A& 4 AATH(Finn et al, 2016). =3 <=

3 ARAA AEd 4 FE2 AE 9 5 ARE /A o AAE T3

=

FHke] 7 FAAF Aol EAiste =W lo] 381170¢ i+ Pfam accession®
o

Already submitted 3 batch search? Check its status here

138 4. Pfam Batch search® €3 o] X

. ek 2070 A% 9 re-sequencing Hl°]E 9] BXS E3F WHol Hr o ALt
(1) Re-sequencing Hl©|¥ 2] Quality check ¢} trimming

Watermelon genome sequencing projectel]l 23] NCBI SRA®] f==% 20 A
Fo tg read HlelEE fastqc At 7+ AlE 2] genomic read®] qualityE
gt A 2E AlFol diste] JAE read HolHE F/E AoE ey
o] %9 trimming #}4S F3A & 74 AEYE read HolHE 4 ¥+
[e)
o

A A alignment A7]= 24S 2335+
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(2) Burrows-Wheeler Aligner(BWA)| 2]3F genomic read?] reference= 2]
mapping ¥} Variant calling

Z} A% W3 read "l°]El+= BWAZS %3] (Li and Durbin, 2009) reference
genome®| mapping ¥ %™ mapping 23 % sequence alignment map(SAM)
g2l Fd& ATt o] & picardtoole] 93] & AAke] B2 Q3 duplicated
readE < markslal o] data pooldl A #| A%, P read HlolE = GATKC
O3] AETH read HlolHE FH BT FHA AL tixste] SNP9 InDelol
3k dolEE AAtE o] beftoololl ¢ @l variant calling format(VCF) &2l o &
Agkdtt, dojxl VCF 342 st 9td o] 574 7AlEo] Hol= SNP¢
InDeloll High & FAA Ao AXE AF Z7] wjitol ol& veftools A&
3e] SNPe| Wit VCF ¢} InDelol thd VCFZ a3t

(3) SNP matrix®] 23 Wol¢] 7 evaluation)

BWA<} GATK 3Io]=Zhels AX 207159 genomic DNAZFEH A2 Wol
o] B+ GATK packageol Al A 33+ CombineVariants 7]%5< E3&) 319
VCF #Y =2 ZE3HQcth o2 gaes IF 44 BRE &8sl SNP
#xo] th3t annotationS F3 8= SNPeffE =& 43 ¥ A tHCingolani et al,
2012).

SNPeffell oI% 3k 20159 Wol #4 Avh= html YA o= FHH o]
P B4 AW AESs SIAAL A% F A Yo ARE A2A
oz FA% 5 Uk A diE YYo= AFHE %AL F SNP} B
B AR T PR A, fA4 TR SNP Al 9% codone]
AR ofuliite] WA EAE FAT AT

Number of effects by type and region

Type Region

Type (alphabetical order) ‘Count  Percent
downstream_gene_variant

initiator_codon_variant

intergenic_region Type (alphabetical order) Count
intron_variant DOWNSTREAM

missense variant EXON

splice_acceptor_variant INTERGENIC

splice_donor_variant INTRON

splice_region_variant SPLICE_SITE_ACCEPTOR

start_lost SPLICE_SITE_DONOR
stop_gained SPLICE_SITE_REGION
stop_lost UPSTREAM

stop_retained variant
synonymous_variant
upstream_gene variant

1% 5. SNPeffE 83 S 204525y 44L& SNP ¥old th3t Fr}
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PN = 2= o [e] % =]
¥ 5 F3S 9 20 AT SNP WHo] dolgHoA AL FAA 449 SNP &X
Chr0 Chrl Chr2 Chr3
Length 24,621,398bp | Length 34,083,085bp | Length 34,414,252bp | Length 28,939,167bp
SNPs 148,214 | SNPs 432,284 | SNPs 449,756 | SNPs 378,957
SNP rate 166bp/snp | SNP rate 78bp/snp | SNP rate 76bp/snp | SNP rate 76bp/snp
Chr4 Chrd Chr6 Chr7
Length 24,315960bp | Length 33,714,806bp | Length 27,018480bp | Length 31,477,646bp
SNPs 314,534 | SNPs 435472 | SNPs 322,876 | SNPs 413,031
SNP rate 77bp/snp | SNP rate 77bp/snp | SNP rate 83bp/snp | SNP rate 76bp/snp
Chr8 Chr9 Chrl10 Chrll
Length 26,149,438bp | Length 34,986,854bp | Length 28,419,553bp | Length 27,106,780bp
SNPs 332,301 | SNPs 449950 | SNPs 359,298 | SNPs 344,286
SNP rate 78bp/snp | SNP rate 77bp/snp | SNP rate 79bp/snp | SNP rate 78 bp/snp
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o} 8 RNA-seq HI°|H & &-&3 2 9 A7 dARA dHolH e A4t
(1) =53 =¥ RNA-seq Hl°]E] 2] quality control

T8 BE Ful AR T A" AP (GSE69073, SRA052198,
SRP051354)  x3stx+= F 26712l RNA-seq Z¥o] tislte] 7jEA o=
fastqc® read®] qualitys thFsE oA Eelstay BE H$-d dste] 7]
Ao phred scrore’} 30 mwte® yYeElhd A7 LEL fastx—toolkit2
fastq—trimmer® quality trimming< <=3 &} 1t}

aHy = 25 AEQl 971039 #y 2 Ao thd dARA AEE
(SRA052198)2] 4% e AMZEZFE  Hdubdol overrepresented
sequence(O.9)°l 9]+ @ go] vElRT dut¥y o g O0.Si= RNA-seq #holE
el o] AAAFA A8 H = illumina®] ol HH sequence® o] Eol g A
H7} fastqeol] P85 o] 0.So] dig A4 E fastqe °1F AT 5 Ao
o] A% BEE EX47F No hit2 Vet 059 tigk X &5 27 98 &2
fastgcoll Al UEFE O.SE 52 &4 AWdel g stdue S3tstar o
sort3tal uniquedt sequenceZ filteringdte] NCBI BLAST (blast.nchi.nlm.
gov/Blast.cgi) ol 5] NR<S dlo]E H|o] ~&2 3}o] BLASTNS 3 3&}¢it}.
BLAST Z¥ &% 0.5+ zucchini virus® T4 sequence® byt o
o7l EE O0SE fasta Y EWo=z dHolEuwo|~g AT o]F
Trimmomatics ©]&3te] 0.5 3t trimmings B =2 F83sle] QTE ¢
g % fastgcoll A O.S7F A= 2 AA| read data poololl A ZA]3F= H] 9]
Aol ZojE ZS 32 T o]F tophatS E 3 reference mapping®] 83}
[e=]
AA

Ty

(2) FHF 544 A9 intron length 3o gl H7}
Quality check’} ©+5 % read= reference genome ol alignementS <=3 &
A$ AA alignmentE 33t tophatd] QERE Alo] =0l thdl paramerter
5 AR s HAdge® dAFsto AYds Tk o™ AT intron
size®] HS WolAE intron sizeE ZtE read sequenceE©] reference
genome’y ol align® A 3l 1 Ho]EE unmapped ® MEHE A H7]
wj ol 7FEdolE (read count)&=2 o] FHulslE ot wElA  genome /3ol
intron size®] EXZ 7}A 3 3le] o]= &eldta tophatol A H W intron size
2 38 HAA#S AaTdo=n A9 &% 9 aligned sequence HlolH Ak
=9 2838E 7| 4+ du. watermelon_vl.gffe] 3o A mRNAES ¥ &
g WS sed WHAE Fl AAstL M2 HAds AR F perl scriptE
&3l Hotdl e FHA ID7F & AF F Aol HAg 3 HA exono] #
e e 7 oA dEQ Al Aetes dlEe
A

RIOES Sy

=

I
o
o
()
i3
.
=
-
@]
S
=
Q
&
2
r? do
>,
é.
9
(@]
=)
Q
>
@.
N
D
i
w
o
o
()
o
fr
il
o
[}
ol
R
v/
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Distribution of intron size across C. lanatus genome

30,000
s5o00  23.923
20,000

15,000

9,655

Number of spot

10,000

5,000

2,536
B 1060 547 a7 249 155 ge 4 -
[ | — —t co

500 1,000 2000 3000 4000 5000 6000 vO0DO E80D0 9,000 10,000

Intron size

a8 6. 8 FA1AY intron X9 A Z3)
(yF9 #2 xFoA veld X 0] intron sizeE ZE F29 reference 49 X9 AFE 9gvg)

(3) tophats &3 read ©lo]H ¢ reference mapping
FHk 15 AlE 971039 1.0 versiond] 3193t whole genome sequence®}
FAA Ao Fute d3FdE fdAe] =24 fAXE UEd gtf 39S
tophatoll ¥& 3l 7 RNA-seq MEZHZ QC QT7F &5 % read ©lolE el
3 reference mappingS % &3+t 44t zucchini virusel] 93 0.5 =
2> AE= AAS SRA0521989 A-F 1 o9 FFo] AMETHE F Ao
HAATHIIH 7. & 6).

i

Mapping rate across all samples
100

1}

E B & &5 858 488 8
‘(‘Eﬁfﬁ'_
b e

a8 7. SRA052198¢9] M EZE 9] reference®| ™3+ mapping rate
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¥ 6. SRA0521989] trimming AF readd F vl QTo| %9 referenced] ™3 mapping rate

File name ‘t')efo1je i trimmed mapped reads unmapped reads mapping rate(%)
trimming input reads
t_SRR494406.fastq 10131218 7877824 5984341 1893483 76
t_SRR494407 fastq 10752201 8772609 7989279 783330 91.1
t_SRR494408 fastq 18914328 14858686 12846438 2012248 86.5
t_SRR494409.fastq 12077551 9390995 7847970 1543025 83.6
t_SRR494410.fastq 13588792 11374261 10385148 989113 91.3
t_SRR494411 fastq 12345625 9304807 6013959 3290848 64.6
t_SRR494412.fastq 9778317 7206857 5122472 2084385 71.1
t_SRR494413.fastq 11572988 8788377 6992884 1795493 79.6
t_SRR494414.fastq 10306366 6420885 3051152 3369733 475
t_SRR494415.fastq 8148638 6088521 4723697 1364824 716
t_SRR494416.fastq 8647278 6546653 5041324 1505329 77
t_SRR494417 fastq 8488793 7209221 7009907 199314 97.2
t_SRR494418 fastq 10154906 7489916 5290924 2198992 70.6
t_SRR494419.fastq 12837948 9563049 7049248 2513801 73.7
t_SRR494420.fastq 10861345 8446482 7012177 1434305 83
t_SRR494421 fastq 11755860 9593041 8784694 808347 91.6

4) 79 %3 A 270d 2d7F dolE 9 A& normalization
tophatol] 98] At=H 23 RNA-seq® mapping 235 &3 DESeq
o] manualdl Al A|F3t= o] ZEklS o] &8st bam ¥YES R FHo=
loadst Attt 9t %3 FAA FHAA9] exon AAFGHE &8st 7 74

S

—

Z}9] coding 49l mapping ¥ read?] & Ao Z bam Y ¥E2 {FHAA}
W o dgFS A o]l% FA fFHAe wdEE digk AEZE HuE 93]

TPM normalizationg EE M Zo] s 33t

Boxplot of watermelon:Raw read count Boxplot of watermelon:TPM normalized read count

A 20 B 20-

log2(Read count)
log2(TPM normalized read count)
=l

(o[}
{ o |
{ o 1
(o[ ]
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{ o1
{4 1
L o |
{ o[ 1
K
Lo |
[ ]
(o ]
(o 1
{ ¢
RE
[ 1
{ 1
[ §1
[ ¢ ]
{ ¥ ]
RN
{ 1
RN
{ §1
{ ¢]
{ ¢
[ §]
[ ¢1

SRRA484406™
SRRA404407
SRRA484408"
SRRA494409™
SRRA404410™
SRRA4G4411
SRR484412
SRRA404413~
SRR4G4414"
SRR484415™
SRR404416"
SRRA4G4417
SRR494418"
SRR404419"
SRRA4G4420™
SRR494421
RR494406
SRR4G4407
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SRRA484410™
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RR49441;
SRR494413~
R404414

SRR494415
SRR494416
SRRA4G4417"
SRRA4g44187
SRR494419™
SRR494420"
SRR494421

5 & &
Sample ID Sample ID

29 8. SRA0521982¢] MZ8 2o o3l boxplot A) Read count B) TPM normalization

poly
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w

T 2 §F @43 & A 53 dolgHols 75

7bo kel FANEE 9% §F 53 % DB 75 2 9
AA Ao FAE FEre] HFE FAA HARE TR o]E UYd o
AEAR doleuo]~e dmld AHuel AAXo HA HAWE Wt Fuf {F
AA ol EAEE 23440709 tH3F annotationsS F-3sA T I o] 5 F&
3lo] thekdl Al E 9] re-sequencing Hlo]E]EXFE SNP/InDel Wo| HolEHZ A
Asbeta du)) 3 aela SRR YH S35 AARA dHolHERY au BF
FdAbel diet W ge AEstAh 4dx Ao FHAAHAA Ao EE
Tt #aEE AEAEE AFAL ole Fue] FAMES AT 5T 53
&% DB 7% AREA FE&HJoH A 3dx7A 9 A A7 7
A g oAz e FPES ALt dEE ARE ol &A WEAQI Y Hel~E
& I A= v

(1) Genome browser 7]HFe] f-74 A A K o] Alzts}

AAl, FHte] &FF53t HolEHol A= FHE FH Z2F FAA 9
whole genome sequence®t A A FHAS] A HHE o] &t
Genome browserS T&#3F T Genome browserE F#tslo] o] &x}7F {3}
= T FAAe 54 d9S gAE F Jdon o g9 Ao fFHAE A
#eto]  annotation Ao EHFEH AL sequence, physical position, GI
number, Gene description, GO number, KOG ID, 1831 KEGG ID HHE
71 AR AREA A F Ak E=F 5]1“’} ARl 2 A7
W4 %5 normalized read count dataZF-E] & = glow FF e 20 A
ol Al fFEAA Hol= WolE AlZtstste] st sFwhe] SNP matrix
A AFE " Age] dFEuks dEsteo] re-alignol 715 shet.

o
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A2 - o0 x
[G Watersson ®
2ge/bio o s
Gernonie Browse Annctation BLAST
Home = Ganome Srmess
Cheomesome | —nrl (34.0amm v Browse Si2e 1 1000 ¥ | Sesrch Gene
Chromasome view
B .
L .5 17,04 5,56 L Y]
et
Gere mrnrmt\m_ CCh1 2 0..3994710 S14.5 Kauke
e Gk
: , -
oy " ot o el
o Ty
oo (AN OB HDL b B DRHEE € b b (I R H R RN 0L B | A B | B EEH R BA A4
LT (T L TR A DR RN [ TR TTIOT RT T (OR LT T A ]
Prsition View Start 2 470,527 View End 1 487,467 Vaiw k7,015 Gapa Name | CiR004923
. wamis e e s
whrl ! ' ! !
e S
v
'PRERFED PRF B P ERE B IP P B
L] 1 i T 1 ([}
Saquenca{CDS] | Dewn Sequencafrotsin
Saaf i [ Length (7938} G2t Saquencs Vie
Gere Mumber
Gene e family protein
AHFTZX=O o x AKXl
e U EFFHEMN, FHEAEE T
&0 Go = a4 X1 Eo0 A
G ST AHEQ AHY GO =
KDG G 15TL
KEGE 013155
}
2= = o 5
Y 9. 8 EF FAA AKHo| 719 Genome browser
51— - o kS
[ vestarMelon *
L= C | © 158188.15.201 de.php = Y
000
Position View Start : 451,438 View [nd r 457,955 Vriw mnge 1 6,517 Gane Mame 1 Cia00491%
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i
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C | ® 168.188.15.201/vwatermelan/index.php/

Sample All Check

a9 11, A94E & 4X}«] AEdE Wol9 A|Z+3tel SNP matrix

(1) 23,44071 <49} =+l annotation 23 &9 o]

grst B2 F FAA oA odSE 2344070 FHF f A e o gk
annotation 23 #9 Fel® AelHo] T/ e 9789 keywordE
3 ol &t ke AFY FAR 2 5B fFAA Mol Jhedith
Gene number, PFAM, KOG &l 3|93} annotation< |5 ©|o|E H| o]
o i AE stolHH AR AZAE 9lo] annotation HolEolA &5 d
olElHlo] oA ThF = HRE A5 F St

¥

1 WaterMelon

« © | @ 8818815200 fewstermalon findin

0 Wy

it} BIAST
_ E [3 [ =4 H|SE /F ™ Xl annotation Z 1}
Tion P FF 2 FAMTHER 3 « 1

----- ix v WEGL:
i i : Orthalogy

Gene Detcrip

ClA00000
Chel

a9 12. 59 ¥F 5449 annotation H ol E
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(2) 998 A <49 homologous gene searchZ $3F web-BLAST
BLAST Z&2a#S foo]A] Aol EFAIA o] &A7F Hi3k A7IMd
< 9iE AdE queryE &8st g s ZE A AR
BLASTO] i3k dlolgulo]~g2 &85l web-BLASTE AFEAH7F B
ANMDY FHAA Ao 9 2A¥ 2 homologous gened] ©HA1-S = Y3k,
BLAST®] dlolguo]~z2A 8 ¥+ F74Ae] whole genome sequence,

o
=T

=
=
T)‘
A

coding gene sequence, protein sequence® 1.0 versiono] &-&¥ < omn <4
ol Aol A ¢ BLASTel oigr A3t 7|5 #43 <9sl BLASTN, BLASTP,
BLASTX, TBLASTN, TBLASTX7} A% %th 18] 31 sequence Y& &}
o] Aol BLAST ¥ parametersS A4 4= A gozn A&}
_/,: )

=2 T
g G71G BA ARES TS £ AES vk

2= - o ox
[ WaterMelon x

& | @ 188.18815.201 v ndes phefvagehlasr a fr

| '.'lt?z?irhwelon

=y
Vegetable HOME Genome Browse Annctation BLAST 21 [opwt

Home = Blast Serach

BLAST Szarch
Choase program to wse and database 1o search:

Frogra -.l'\l"z:I.'- v | Database h'nﬂ'i\l':m.—mﬁ .

Enter sequence below in FAGT

EG(»: = Protek

% land it fromn rllrni D e
Sek subs=quence: Frem | E]

i Ciear sequs nIP: I"--'-||i“

red for levw complesity regions by default
Mask for legkup table only

Bxpect 10w | Mabrix | BLOGUMG2 ® | T Perform ungapned aligrment
Llastz ealyl | Standard {1) %

Codes |Lblast[nx] only] | Standard (1) L |

penalcy for blaso| No OGF ¥
(rhaer achvanced opticns:

o Alignme=nt view | Fagwiie Rl
Descriptions 100 ¥ alignments |50 v | Color schema | Ba color schema ¥
| Clearssyuence || Seach
Camments and sugeestions e bizst nedpEnchl.nfm.nih, gov »

Last modified: Jan 11, 2002 o
[

29 13 5% BF FAA e 9INE NE FAE AAE 98 web-BLAST
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MF EE A, fdA B
100 (715 Hste] delgHelAs
% 5 =S AE
1€ Qs B3 FRI A
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5 2 100 (4 g4 B8 245 53 @4
¥ DB 75 §47 9 249 20 DB
A o -
o |MF EE SAAC AE neeA
78l
) ‘Z_ft Z'F WE FAA AR [ gdd Ansk §4 99 wd §
_ BAeEs A 7HE/A 814 Az B RAEA 4u T
=l aa o |EAE B a2 95k
(2013) | g = =33 100718-] di= SNP =
dl o] B W] MF BAEE Bdsts 9 53
o 7wk 75 f dolEuol~g THey] 9@
100 | Fees, A U, AR e
« HFE RYR & arstel A 71dke] Hlo
2 Ejulo] 2 T}l
gl o] B ] o] =
EEI]
A W EALE
BeheAs 24388 9w =38
genome-wide EREE DR
SNP<] DB}
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= H o3 d & ™ oo LE 3T R o Hl =3 &
() | AFERAET AR TR T (o) A SR8
A=A E | 100 [MiE A Beped Al TS
zaque |VEWT A EHE NE 58 34 pd 74 An
° == T dE AR 100 (A4 B fFH2 Ad F= A=
AE 5% 535 Z29) &
23 DB += J o8 PN 2 A FAHE AAFS 9%
S tolg o] 2 =

2 oo T 1 IpLasT Azw w3

= i 100 248 AW F+= (CPU: 64 core,

RAM: 1TB, DISK: 40TB)

o 5d] A& 100 DB& A¥ F+= (CPU: 16 core,
250 RAN: 128GB, DISK: 20TB)

| EASES
R

(2013 | gl =3i9
ol o] ¥ u o] 2=
o 7] 7% |DB 2 Alad 7EL

A% ARG 7A

+ WFE pAw o |URE AN FE (CPUE 8 core,
A RAM: 64GB, DISK: 200TB)
t] o] & #] o] 2~
EEI
Bk
B2}$4 o}
genome-wide
SNPe| DB3}
U. 23 d=
"L’H? B 37 al ™ B o A=A DEL@E o )l 2=3 Q.
e Aol BE FAe A7 &
o% w5 DB 100 [ &% 24 2 22 24
T ige & 3
o 5 Ax e
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=a9 FEL g A | 100 e AE A 5w v
GO areruel 2o CEROE: CEE
7IRE -5
c HFE RER
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= T2 AE o o =0+ Hl =3
(935:_) ’K'H“I‘-~i 1—"0 /H]“l‘\_?'—vu- (%) L:IL7HE “I"SELHO
W] DBZ 100 w3 RIL®| resequencing 4] ©]E]
FEE7 AR T2 A
B AAA AR | e 22w
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