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Development of breeding technology and network for radish (Raphanus sativus L.)
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II.

The purpose and need for research and development

The establishment of molecular breeding systems and supporting information for
radish by employing next-generation sequencing technologies and their analyses
By collecting and evaluating various genetic resources internal and external, we
will select the resources that meet the objectives of the research. We will provide
selected resources through the microspore culture, information, microspore
culture technology and developed system to the private seed company to create a
foundation for breeding

This study was conducted in radish (Raphanus sativus L.) to develop molecular
markers to identify different S-hyplotypes, to establish homozygous lines with
different S-hyplotypes and to apply S-hyplotype identifying markers to inbred
lines from companies participating in Golden Seed Project (GSP), in order to
develop inbred lines with high seed production efficiency.

Radish has characteristic of self - incompatibility as cruciferous vegetable, and the
seed efficiency per plant is very low . In particular, male sterility strains are often
difficult to proliferation of stock seeds, thus hindering variety development.

In recent years, many varieties have been converted into production using MS to
prevent illegal copying and the emergence of offspring, but they are suffering
from the proliferation of stock seeds.

In order to solve these problems, it is necessary to develop a technology that
improves the method of CO 2 gas treatment, which is a method of proliferation of
the conventional stock seeds.

In order to solve these problems fundamentally, it is imperative to develop a
technique for proliferating of stock seeds using NIL (Near Isogenic Line), which is
capable of fundamentally avoiding self-incompatibility.

Recently, weather conditions of radish seed production area are changing due to
abnormal weather. Therefore, the seed yield is not stable and the quality of the
seed is also poor.

In order to solve these problems, it is necessary to collect information on existing
radish seed production area and find ways to improve these problems. It is also
necessary for each seed company to share this information to find the right place
for their breed.

In addition, it is necessary to search for a previously unknown area and secure
stable radish seed production area.

It is very important to breed tolerant varieties because Fusarium wilt is once a
soil infectious disease and it continues to develop and it is very difficult to
control.

Soil infectious disease is increasing due to continuous climate change and
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continuous-cultivation damage. Therefore, it is common to carry out a Fusarium
wilt resistance test for the breeding of new varieties for each seed company. In the
future, the need for disease resistant varieties will increase. Therefore, it is
necessary to search for breeding materials and develop related DNA markers.

Research contents and scope

Analysis of key traits for breeding such as secondary metabolites, root radial
growth, root shape, and root sponginess in radish inbred lines

Search for gene expression which is related to the anthocyanin production and
root radial growth by performing transcript profiling using Illumina sequencing
Development and analysis of segregating F2 populations generated between
parental lines with contrasting phenotypes in secondary metabolites, root radial
growth, root shape, and root sponginess

Establishment and service of the effective microspore-culture of radish

Selection of export materials for export purposes by collecting, evaluating, and
selecting various domestic and foreign resources

This research include the development of molecular markers to identify different
S-hyplotypes, establishment of homozygous lines with different S-hyplotypes and
application of S-hyplotype identifying markers to inbred lines from companies
participating in Golden Seed Project (GSP).

Establishment of proliferation system

- Establishment of proliferation system by improvement of CO2Z2 treatment method
- Establishment of proliferation system through NIL cultivation

Collecting information on overseas production area

Collection and registration of germplasms

Application of variety protection: making and selection of comblnation

Fusarium wilt resistance molecular marker development

- Pathogen inoculation and check disease symptoms in collected radish

- The study of resistant to fusarium wilt in different plants

-Analysis of radish genetic information about resistance to fusarium wilt

and development of RGA specific markers

. Research Results
Identification of hundreds of differentially expressed genes that might be involved
in the anthocyanin production or the root radial growth
[dentification of SNPs unique to inbred lines that are used for genetic analyses of
agronomically important traits
Collection and evaluation of haploid culture materials and microspore culture
completed 2 items of application for protection of varieties, 63 items of genetic
resource registration, 22 items of development of DH line and resource
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distribution, 470 items of microspore culture service and 2 cases of PR through
media

Twenty three molecular markers that can detect 23 different S-hyplotypes in
radish were improved or developed. Radish accessions were collected from China,
Vietnam and United States, and evaluated in field condition. The 23 S-hyplotype
markers were applied to radish germplasm and inbred lines, and more than 23
homozygous lines with different S-hyplotypes were established in the National
Institute of Horticultural and Herbal Science. S-hyplotype markers were applied to
405 inbred lines from companies participating in GSP to increase breeding
efficiency of those companies.
For four years, 73 radish genetic resources were collected. After evaluating the
characteristics of genetic resources, they were registered as genetic resources in
Korea Biotechnology Research Institute.

In order to improve the proliferation of male sterile radish seedlings, the
optimum CO 2 gas concentration for improving the CO2 gas treatment method
was determined and a research report was submitted.

The self-incompatibility genotypes of 192 line were analyzed and all SI genotypes
were identified.

NIL (Near Isogenic Line) is being bred based on SI genotypes analysis.
[t has collected information on 14 different radish seed production area in China,
including 12 regions in China, and I[taly and New Zealand.

Two leaf-radish varieties were applied for variety protection for spring and
summer varieties.

Radish were collected, pathogen was inoculated and disease symptoms were
checked.
From advance research, the resistance genes tofusarium wilt in different plants
can be divided into three groups: NBS-LRR, LRR-RLP and SRLK domain

NBS and SRLK RGAs from resistance line YR31, mild resistance line B2 and
susceptible line YR15 were isolated and analyzed sequencing and similarity.

RGA specific markers were developed from information of isolated RGA and
radish databases and validated.

Research achievements and future plan

SNPs and transcripts will be utilized for molecular breeding of radish in the next
stage of Golden Seed Project

By provide private seed companies and institutions with microspore culture
technology and cultivated DH lines for establish the foundation of breeding as a
material that can develop high value-added seeds

O Achievements



- Patent application : Primer set for detecting self-incompatibility haplotype of radish

- Cultivar application : Wonkyo10052

- Research Papers :
Chae et al. 2016. Plant receptor kinases bind and phosphorylate 14-3-3 proteins.
Genes & Genomics 38 @ 1111-1119.
Kang et al. 2016. Reproductive traits and molecular evidence related to the global
distribution of cultivated radish (Raphanus sativus L.). Plant Systematics and
Evolution 302 : 1367-1380

- Plant germplasm registration : 30 accessions

O Future Plan
- Patent registration : Primer set for detecting self-incompatibility haplotype of radish
- Cultivar registration : Wonkyo10052

O The 73 genetic resources collected through this project are registered as genetic
resources in Korea Biotechnology Research Institute, and some excellent genetic
resources will be selected and used as breeding materials.

O Through this research project, the optimal CO2 treatment concentration for
proliferation of male sterile radish stock seeds was determined and based on
this, the breeding of male sterile radish variety will become more active.

O This project will be useful for radish breeding if NIL breeding, which avoids
self-incompatibility, is accelerated.

OThrough this research project, we will develop molecular markers related to
Fusarium wilt disease. And we plan to utilize the molecular markers for radish
breeding.

O In the present study, radish NBS and SRLK RGAs were successfully isolated from
genomic DNA of three different inbred lines of radish with degenerate primers.
Three RGA specific markers with polymorphism in collected radish were
developed. They could be used for genetic mapping to accelerate the process of
selection and development of multiple disease resistant radish cultivar.
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HM2g =uHel 7z e

1. AlIRE2AE: 2 E25574S AT SNPEM 2 MASE #AR0FA 7ida} DNA Z=2ntgd
)

O 2 As A1EA AY= 32 2Y A28 96t HuE 9t (Mun et al., 2015; Kim et al.,
2016). FAIA] Hlolgjet 2o 24|, AEHA A/, oAAE (FFEAEIE) AJitol] HAH A
AR A fRRo] dieh JR7E sUlolA T RE Y It (Jung et al., 2016). oJXH FAEEo| H-&st
7] st AR 718 FEIF SUolA whE L' AlgEal glof dor 8O RAF £F VIEE 9452
urxsh 710 2 Aapsict

¢
O.
rol

2. A2M|RoeAE: o] Utk 5359 ol&st &/ 4 H S5 Ades7ls /Y
O T(Raphanus sativus L.)9] =24 Ajuj WAL 20008 =9 oF 40Mha 7}HX| &7} A

£x02 7taste] &0l 228ha Yel2 AMIEL 9lout, AAA R Aa Afu) o] 7
2540 QoA FAlE 2 100] Ajaz Fa Amo] e
O £&28 &35Y 7Id2 7 708dof| AP7teshede] dAIA

259 =5 VAo ® £Q 7= 4740l AR dEom £

O

2

255 8735t 2000dth7kA] Aoz &dstA Fo] o]7oA
O oldboll o= Add, <8 &4 WAE, Bt A2 55
o 4=, 5=, ool ulF A Rl 5o AR FE5S $ES)
3 58 AR 21 FRIAEYCIE, 28 & S

71578 270] FREol Qlol ot 7|7 k=Y AtRS WobR AL, A
H 0] AMEer R4 s
= d Aadods 2000888 7o AxAL wjf WA AFE AHA|
2 BAE FAT G 2013 d Eol= ohgst Aphe] A XA} vl THsE A

SAtEIALOIA @7dste AMde] autA wik 2 7Y W AES A HATE s

O

3. AIBMRERAE: B AF &8 542 At A AY 2 AF 54

O fejuyetox 2AIRA]E 0|85t APHEERY A2 Aod1A(d FH Yo SAE)
AMAiolA 2 AHALEo] ton, 197§°] SCAR wAtEAIS o8¢ AYHS 7fdstict
(Chung et al., 2009). o]% o]& H=2 7ot 227§2] SCAR EAIBA|S o| &35t S ZAAHrH
= Yo, SCAR ZAIHEA|E o] &3l ©A|F2] S-haplotype #ZE5 ZRASIITHAhN et al.,
2014).

O aixie 30717} B Aoz 2A=E 2ol BA S| BAYRAA O BABAL obx}
9 AR 2 58] 7 S| A3 YU S hyplotypog 25 2Yek2 A S
o thofel homozygoustt A% 3 ApA BRetn Qo Aol BlAL Tl
A et
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0
rlo
i
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4. qAMRE2AE: 4L 7|89 A-HLE F FIAAEA] 7|87 )< 71Y)

O A MA 2 AuiHAL oF 1509 ha HE2 FANEAAA FAHE=d, Z2o] oF
100~1209F haz 7} Wol Ajulste] 1w=r} 309+ haz 2915 AMA|stth. AjEj@Al o 2= 7 A
A AiEAC] 85~90%F F=1t A=t AASHY FAF AR HoA = oF 20~30% 7F =]
AgE Aaohe S steah 429 AufEAl2 oF 8% Wielolu AL ZHAHAA = 70~80%
RPA Sl Qltt.

O = & &% 54712 A 31 508 4y ZE SReJAret ThQlSE =
of Z, e, 42 ¥ ot T A AE FrE S0 ufistaL ot MER Al
= 7WAst7] s Aol FRS BRI Q.

O & &% 5742 o] 41tz A7hasked/d(Self incompatability)rt 37427 (Male
2710 iR e APFEEde ol&st &

2

sterility)S o]&
gota AEste ot
2oEE o] 8t &
F7te MBSl olgd At
J2jn 7729 Aol AMexl CO2 xelz 4F FA0| 7}%3}71 HH—E |
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Aojo] wul FAb €3 MgAQl BFol shssite Aolck T2y AbbRaIEYL o] 8F F
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SEo| FA} Aol JHsStL, FAIY UE §E0] Bl sy SRER BAES 2UL
otg 4 glo] EARAIAC] MO R Al TR, ofPA ALY A A HA aung
OAMEY Y 4 b Aol Atk TeY gHBAYS ol8F EF §4L SAAS R
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= FVNor GEAIL & A HUoh #3g9] WHo g 6-79]9] backcrossE Zlo¥sfof SiTtH ofA
2-33]9ro 2 1A= NILE &S 4~ 918 7oz 7|t

=

2 A =9 Zed 9%
L ARIEE: 9 25948 913 SNPEA 9 MASS ¥AH0HA 7dal DNA mamty

[e)
]
-

of 9Jsto HUEQIL}H (Kitashiba et al., 2014;

o
oX
i
rr
b
ry
ne
ro
ofy
4
re
-+
el

O & As AH



Mitsui et al., 2015; Xiaohui et al., 2015). http://www.radish-genome.org/ o= 2F 4500007}
of @AAb} BuElo] 9lm, Tokt A HlolElt AR A% 57K Ao® oot SuA
dlolelel H&o] O], AEHA X/, olAHAE (FFZAI=H0IE) At HAH AR 243 {4
Atof| thst AE7F QoA wRE T 9t (Wang et al., 2013; Xu et al., 2015: Li et al., 2016). ©]4]
o BAISE0] 2] Ad SAA VI ot 2oy we Ke2 AFHL 9o oz Bof ¥t
e G4 WA Aoz Ay,

LI = LIS LIS RIS

o[-){

o
=

2. AZHRLRAE: Bo| WiaA S5 o] & 5 AdTE71S AL
OB AARCE A 0he i WE BES0] ALHgen, o AT 83 3
AHoz AYs| SARE 7| £ o83 S8 U Ae] WA AT} gol 2

Ol
o
)
Ho
oXx
¥
Ho
of

] A XI8E %91 Multi-national Brassica Genome Project 5 SAA G7|AE BA
WH A7 EdshA A8y Fof Q3. ESE olgist At ZAuE &350 &8&shy] Yst of
A e S ALGIE st A1y} tiHtHoA 488 17 9)S(Brassica 2008 International

Symposium).

O 83usg g SAEY AW 7L A A7} 197090 2E] 0]F9| Cornel Tt
5y lra 9474 SOl Buep] olRoigon, WAL P YRS =YY do
e HiF, JHlE, BEREY 55 JiEsty S51& YRshal Qs

3. AN Rz rAE: & AE a5 SAls et Al AE R AlE =4
O HiFi} Al22 SSIE 2=t ol £59 222 PAdste DASAY SI o 2sl SI

o] drgdo] ZAA=CTt Sl= SLG, SRK % S-locus protein 11 (SP11)/ S-locus Cys-rich
protein (SCR) #7dAte] oJsf] ZAH= Aoz d2q o £F9 SI ¥y off= SLGE

SRK S&x}o] ubso] oJsf AAE O 3129 Sl SCR SAxlo] oJsf XA =} Bataman,

1955; Nasrallah and Nasrallah, 1993: Takayama et al., 2003).

O Sl 5P RAAIES WEst= 2AMRAS 7IEst7] Hsll dRN7HR] S-locus glycoprotein
(SLG)QFE S-locus receptor kinase (SRK) SHAAF59] 3 Ad(polymorphism)S 0|85t QJch
S-haplotype?] % Yv|FF(Brassica oleracea L.)9|A 507](Brace et al., 1994: Park et
al., 2001, 2002), Bi=(B. rapa L. ssp. pekinensis)olA] 307f(Nou et al., 1993), F(A.
sativus L.)oJ|A] 277l o]ito] Z=AE|F o (Lim et al., 2002, 2004), & A= Z A= 209
7l(Bateman 1955; Okazaki and Hinata 1984), R. raphanistrum L.oJA= 25-347§
(Sampson, 1967)9] S-haplotypeo] ¥ & 9ict &2 1009dZF SLGeF SRK SHALe] H7|A
d= 2Asto] AR7EA] 27719 ST Z8fAATG ol digt @714 €0l NCBI (National Center
for Biotechnology Information) Gene banko] =&&jo] 9lor, o] & SLG= 157, SRK=
2271o]thH https://www.ncbi.nlm.nih.gov/2017¢ 1Y€ 7|&). o|gist G7|A<d AHE 7|¥toz
PCR-RFLP ®I¥1& o]&st S W BEXIHX| 7 /WHE RO, Brassica®l RaphanusZo|A o]
EE|QOHLim et al., 2002), FAAIRE FAMdo] =2 A7IME= Qlsto] PCR AEof o
0] lal, PCR-RFLPO| oJgh {2 w7to] Algtaas o|&ste= 497F ol =2 du]&
HoA vlaasAolH BHo] HojX|= ZAF] Tt o]2{gk PCR-RFLPH2 SLG /AIA}
% SRK  {AARS]  tfet  haplotypes Bth  &olsA HIUIE 4 JAe Sequence



Characterized Amplification Region(SCAR) ¥t o2 thA|E1l 9J= FAfo|r].

4. QANFE2AE: A4 7|8F A-H(LEE B FIAUA] 7187 70E)
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M3g ghEsd HE 3 24

1A ARz ede: o 25849 95 SNPEA 9 MASE EA}
2]
(@]

o} st DNA = 2uf

L 1A% 47 Ue % 2w
7 me) ujg G8M0R ST 4+ At ¥R A
- Recombinant Inbred Line (RIL)S A|ZtiE 2 RjZL35to] o529 o|u|X|E& Al AFsto]
SHEEEDRNEIEIET IR
- RIL Afolo] AlZkcpg 4% 242 wlmstel ulchdgol we efelut ool ma ool
A7
- 8O/ AtolE Yol RILZ ©]&, ol 2QloAf cambium 9] MZFEE H/d=5 cell
cycle makerg QlX|st= &A|E o] &sto] A
- o7& A1E Eof &H¥3s cambiumo] Eo]Xo 2 wHste MAIRAE SH
=, BlHdgol Ato]lE Hol= RILAMOJo|A qRT-PCRE ©]&5}0] v, &4
L}, QtEAJolHe} FEIA| =Y o]lE =AE st metabolite profiling 7t

e
- tEAlobd AT BAT T T QAR R T FT S A3 R
- F2INEACIE BY BAY AW L 1TY PASYNS 93 AR ¥B
ok uioh, WA U QRA 03I
@)

- JBA 7ol o) Fdstn 943t ZuTiS HolxE @w100492 o] &, 2] cambiumi} F
H #AlZ laser capture microdissectiong ©|-&, 5-94 ApoJo] 2% tAo =2 F2f5}9
lllumina RNA sequencing AA[. BIE|7p Fofgh 05-D2382%= 5, 7, 97o|A AMEd LCM
%&. @A RNA-seqS AASH] ¢lsh library A& &

- &Y, w3y e Ad 2 E59) DNA/RNA seqg 9ol Ndat 444 2l 57

2. 247 A7 & R 2
b SuA, 254 o RAAL Ee
- oo 22 A fAEY % RNA-seq 498
. 2FI3AE0lE I
- 7 RARR 71 AlECl dist 2f3AE0lE I 24 9=
. 7 2 25 92 o 24 ¥ 78 32 294
- 79 FOE 28shs FLC 37 & & Ao ot w37d =<l
1=

=
=
e BRYA SAAIY BAllA wES 93 2ol AU Ay
o
=

d110040 (Hhg-2olof ofd) x dal10029 (Hte=soldl J&)
- o FL SAF =tE, F2 S5 FEE 8ol Ale uiY 5
¥ 10032 (HY) x ¥10045 (52)



- WA F1 A &5, F2 A &5 9ol AZ uig 5.
AW 10039 (A7) x Y 10048 (ZF47d)
- o8|t F1 AT =Hd.
710045 (H]T] ©2) x 13-FM218 (05-D2382; H]T]Z]F)
A 10039 (Bt 24) x 13-FM232 (v]thF <)
of. NGS Hlolg &4 A
- NGS djolg &4 mjojmafel MA-S Hall, NGS dlo]g7} Lo A]7]Q1 2015| 44
FH9& 349 st 9] Boyce Thompson Institute2 mohA, = AGL=Z flojg 24 4
o]z el &) oA
- HOi opARARE of7] g Fe] E A=E EdE 1067 Y
uf, Zu|g) ¥ |fAA Y
- Al ko] of ddst S5t ZHE BojE ¥wl100495 ol F2] cambiumi} &
¥ XRAS laser capture microdissections ©]&, 5-9% Ajlolof] 2% 7Aoo =2 H2|st
[llumina RNA sequencing AA]. 8|Tj7} F| kst 05-D2382% 5, 7, 9504 A== LCM &
2. RNA-seq& AlAlsH7] 96l library A|AF 2t&, sequencing Of2] &

=

S
)=
e

A
_1

S
Ay

3. At A+ W& # A

F SEFY AR ZA0EA 22 flet 29 AT A ga
- "}2rSo]: F2 vltSo] AR AlA]

2110040 (HFEolo] oFg) x 4w 10029 (shdEolol Z1E)
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207 A H 10028 = 222 A D232-6(H)
208 A Hw 10030 = 223 A D60-3
209 A Hu 10031 = 224 A A37-232
210 B Hu 10034 = 225 B E60-2(H)
211 A Y 10037 = 226 A D84-2(1I)
212 B A 10041 = 227 A D6-7
213 B2ooji AR AlxSH(11-FD139) 228 A D12-2
214 AaadE 3f Hu 10045 5 229 A D84-2
215 >a3AE5 20 H 10048 = 230 A D169-2
216 A Hu 10049 = 231 B E124-3
217 B B175-111 7 B E146-3
218 A 05-D2382 233 B E226-1
219 A D45-3(H) 234 B E265T-5
220 B E69-1 235 A A21-121
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A 7 S ARIMER W ST oA, 7o vdf gt iR miEH S o]

sfiot A} gt
o EIAA AL SR 160 24 (41207-222) J@é}oq 15 & 5504 95
Aolel 71219) s S oS e Zolz
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Cambium
enriched
EST ID transcription TF motif . .
factor genes in Putative Radish CDS
Arabidopsis
MADS
FY439133 AT2G22540 o Rsal.0_01930.1_g00004.1
Rsal.0_.00496.1_g00007.1/Rsal.

EY908024 AT2G31180 MYB 0.03050.1_800002. 1
EV532705 AT4G08150 HomXeC’bo Rsal.0_00263.1_g00002.1
EY917101 AT4G37750 AP2 Rsal.0_00792.1_g00008.1
EV545694 AT5G61590 ERF -
EV528492 AT5G61590 ERF Rsal.0_00056.1_g00002.1
RsASL9

(no EST) AT1G16530 ASIL, Rsal.0_00065.1_g00008.1

Rsal.0_.01399.1_g00001.1/Rsal.

FY440652 AT3G23250 MYB 0.02960.1_g00001.1

FY 448049 AT2G38470 WRKY Rsal.0_03437.1_g00004.1
FY434566 AT5G51190 ERF Rsal.0_07250.1_g00002.1
FD981520 AT1G17380 JAZ Rsal.0_00153.1_g00014.1
FY443167 AT2G47260 WRKY Rsal.0_01588.1_g00008.1

radish CDS: http://radish.kazusa.or.jp/
EST: http://bioinfo.bti.cornell.edu/cgi-bin/radish/index.cgi

2 20N 7] 29l 216 (Yu10049)2RH AIONE/ RAE=R AlgS AF S|
o = NAS F&35191, 550X 1 ug? total RNA

E/ 2AE ABAFE Yol 55, 78 YA 9% 7w F e F 7P vldgiet
=2 , 12 7AQF o], cambium zone (cz), inner parenchyma 1
(ipl) Z2]1 inner parenchyma 2 (ip2) Al 5202 &35t A|lgE5 AF.

Inner parenchymal2 cambium I} pith Aol FA4S 1002 XS o,
cambium O 2 HE 30% ¢rZ9o] RA1-S 9]0|sty, inner parenchyma 2= 60% Qr%
o] xxg o],

2] 5BQ} Zo] 73x= ¥2]o] top, middle, bottom 9] cz, ipl, ip22Y%H total
RNAS #2J5t9 &L A4 T 242 AL

P 100499] AIZHE 2AZA1E, EY908024, EV532705, EY917101= A Lol R
ol ALy AEHA oz czoAel ¥elo] ipl, 20049 T¥Y =4 doid (¥
5D)

FY439133& 7, 9% 29 czoflA Eelo] =4 doid.

EV545694, EV528492 o] YA 7 %0 =7 dojg.
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@ g 23 79 Ampo] 27, AiL10049 (2162191} 2182191(05-D2382)S THE 3550
Aol 7o e walsto] Aelstx] ore ulwu} ulo] HS ulwsty, FHE0] 7
A9t Az B Frg B4,

@ Zak WiL10049 (2162}1)0] AL w[Th7} Aol &7 Ae] & ol WA 71 vrw, 218
atele o xfolz SejUfx] oottt Ato] 7o) ThEt ¥HeT} oEol 10049 (216
el @450 277t FUbsta Al BAE Zvlete WSS WolE.

200M BAP 200nM BAP l;ﬂm 8 }\],o] E;]
ECE A

Hah 3% 2il
2161 2182 Afo]
Eyjdog 12y
A AL A
= 2] v|gie]
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=9 ®g (B). C,
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| line 218
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e 45 75 Wat 2
ol 4 NEEE BE 2

20 200 (ndd)

(5) 2 ma] o] Wolst QAxle] WAL YL o F ohF w2
@ W 2 ARaA A7 £ oirldtie Y50 £ 3
So] RoAE fAR wd HEe Bt e 2

AF&E reciprocal blastE
Z7] Ao Lol Eoldeg doju= Zleg oFH. o] JteH 845719 & s
AR Aropdl ;

P O] a2ua
clustering E3] ¥4, P45 o] 9agt 9MAL 10672 A (& 4, 1 9)

4. F450 Solfoz e B2 vg o £2 {A}

Arabidopsis Radish Arabidopsis Radish Arabidopsis Radish
CDS Unigene CDS Unigene CDS Unigene
AT4G19810 UN09285 AT5G58330 UN12452 AT2G04400 UNO08326
AT5G38020 UN12274 AT4G04640 UN21658 AT1G29670 UN18766
AT1G18870 UN40319 AT3G53960 UN28145 AT5G44720 UN13157
AT5G41460 UNO01634 AT5G54770 UN17788 AT4G31500 UNb51198
AT5G05940 UN35822 AT3G26650 UNO09975 AT2G38860 UN29494
AT5G16960 UN17154 AT5G01530 UN17400 AT3G02050 UN19265




AT4G17090
AT5G06720
AT5G06730
AT5G44400
ATA4G37800
AT1G69870
AT4G03210
AT1G02730
AT5G12270
AT2G35155
AT4G21680
AT5G13400
AT1G52400
AT1G73600
AT1G29660
ATA4G33220
AT3G16370
AT1G75900
AT5G63980
AT5G17990
AT1G18670
AT4G39970
AT1G30040
AT2G43800
AT1G33170
AT1G20620

AT1G02400
AT3G57530

UN34554
UNZ20830
UN28493
UN10248
UN25335
UN26708
UN12705
UN37747
UN40216
UN20540
UNO06374
UN13404
UN13043
UNO03473
UN19089
UN14972
UN23045
UN50199
UN19636
UN39909
UN19268
UN22177
UNO03658
UNb51716
UN09872
UN21581

UNZ27708
UN11544

AT4G10340
AT1G61520
AT2G37660
AT5G01240
AT3G55840
AT5G57560
AT3G54820
AT5G49630
AT1G19600
AT1G78960
AT4G26370
AT1G14790
AT1G77060
AT4G13770
AT3G19710
AT4G29060
AT1G01320
AT1G04420
AT2G29650
AT3G58790
AT1G08980
AT5G66570
ATA4G27440
AT3G12200
AT1G48600
ATCG00340

AT2G17220
AT2G26190

UN21447
UN23199
UN23482
UN26932
UN33773
UN13178
UN20509
UNO09378
UNO03486
UN14285
UN19871
UN22097
UN21007
UN22968
UN22535
UN18393
UN14548
UN20473
UNZ26678
UN11986
UN21994
UN14116
UN17852
UN35497
UN21835
UN13579

UNO06942
UN00915

AT3G61820
AT3G44720
AT1G11840
AT5G47910
AT1G21440
AT2G31790
AT1G11330
AT1G68530
AT4G39330
ATI1G51500
AT5G45670
AT1G17840
AT2G26250
ATb5G23890
AT5G05870
AT4G33300
AT4G29720
AT5G17850
AT4G39980
AT5G25610
AT4G34710
AT3G62150
AT4G11280
AT5G66650

AT2G17840
AT1G22180

UN18469
UN26505
UN50909
UN14645
UN18760
UNO01782
UN34322
UN10015
UN10443
UN10960
UNO06314
UNO03638
UN13718
UNO7837
UNb51229
UNO06507
UN30447
UNO06060
UN23110
UN18206
UN17325
UN33527
UN19232
UN33733

UNO07735
UN16154







(6) & ma] v WA SAAQ] o=fF E=28 Y3t High-throughput transcriptomics A1
=7 2 Aust SRR} AFE T HAE Eo]Alol o/—\qx}e x| ]

b B I S o =
oqf= 9d 248 &5l dfs{ujojof 3F High-throughput &4 Wyioz 45 &
o] A9l SAMAISS ¥3]7] Y3l Laser Capture Microdissection 7]&2 &9, Al

@ Zyk RNAE 5, 7, 95249 216, 2182191 F9] XAES (cambium, parenchyma, cortex)=
HE] Z4ZF 22, RNA quality 2Ql ¢t2. o]S2%H sequencing library A4S ¢
st 714 ZAE Ay}, NuGen?] Ovation RNA-seq library construction system2 &

Hsto], dg2 A% & (23 10)

Laser microdessation machine & 08 &
EZEROY HER

RNA 2@ 212 RNA Pico Chip 3

Bicanahyzecll OFB ¥ RNA quality T8

Library % U RNA-Seq# 01E ‘ :

L

|,

Ganoma-wide gxpression profile # 4 i

& 10. Laser Capture Microdissectiong ©o]&3t
Ji

Y95 QAR T A0 AY 2w

o |4

L. AN 24 opojmajQl &, FAMA] 4

(1) AAA] 24 mlojzmalel 5.

O U8 "AAA AlEdS &
AE 27rg AZEst F JAAMA] M8 FHEIE 22]ohe JH* 9. 01 4”3 7
FAAIE o] &she W, RAA JEglo] AlEdE F7IME 24T R AR A
HE FEohs WHol Qlo] & 7RA] A
de-nove assemblyE ©]-&3st A 2A TS Hol&E.



32 11. de-nove assemblyS

(2) & RAAA A=A

@ W& 53 (5w)et 73 (Tw)d 2491 216 (¥ 110049)F 2182191(05-D2382)9] HejzHE A
< XA A4 HlolEl9] pre-processing ZME  #50] Q°F. cortex (cor),
cambium (cam), parenchyma (p) XA¥H=2 hand dissection (HS)y}
microdissection (MS)3F AZoA A2 HAMA| EZFE sequencing library AHd
de-novo assemblyS ©o]&sff AAA] Gjo]HE Ui, iAssemblers A8sto]

(http://bioinfo.bti.cornell.edu/tool/iAssembler), replicates  A|A, unique
transcript5& &H (23" 12), sequence readS RPKMZYo =z A 4stsff XA &
s aro olo

AFS 42

@ ZAyk: AJEAE fo]E{9] pre-processing® 2 Alo] Wo  gequence read, rRNA,

chloroplast, mitochondrial RNAS A3t A1} oF 66%2] readS z|EA 02 AL,

79,163 transcript’} £]& 02 WAL O, 0|59 Zo] Fx= T 12014 =IT

A0l Ufe A2 AAAlIE= iAISHH 1kb~2kbAtoloflA peakE ©l&F. F FAAl

o8¢5t A Ayt AojA|H % A2 AAAFo] Boh 71 HAR] REo=z Fx
Aoz o5H.
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#® 5. 2 FAMA| pre-processing Z it

map to map to
Remove adapter, low . X .
remove rRNA chloroplas  mitrochondri final reads
qual, short reads
sample Total t a
rRNA %clea
Drop Clean Clean mapped mapped clean
Drop n
216HS
“owCa 12,759,686 500,766 12,258,920 2,040,844 10,218,076 165,826 278,869 9,773,381  95.65
m
2_15%1&,5 12,254,242 480,148 11,774,094 2,506,988 9,267,106 215,492 463,576 8,588,038  92.67
216HS
“JwCa  11.433.533 414,589 11,018,944  3.435.657 7,583,287 299,126 595,743 6,688,418  88.2
m
2_176M§1PS 10,427,296 389,755 10,037,541 2,761,962  7.275.579 217,236 541,978 6,516,365  89.56
216MS
“owCo 11,674,834 428,563 11,246,271 2,210,474 9,035,797 90,844 362,998 8,581,955  94.98
r
215MS " 10.826.732 416,542 10,410,190  2.623,200  7.786,990 172,629 443,733 7,170,628  92.08
218HS
“5wCa 12,485,943 453,466 12,032,477 2,587,799 9,444,678 310,049 391,277 8,743,352  92.57
m
2_15%5 10,673,081 400,890 10,272,191 2,143,304 8,128,887 259,542 347,147 7522,198  92.54
218HS
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O 2mAl vloFe Sstol 2otel JiAle) Ze) L &4 A5 1S AElS S S Bt
z

TR &F Adste &4 &5 AT (FM111, ¢1w10051%)

0

<® 5> 2APd% Al &/ DH inbred 5 551 5%

e WA ek BEANE cagm | gaga | PHE ) E
= be | ws | O £ | Ws
14-FK119 11-TC100-1 2012 | 1 | 14-FK147 | 11-TC112-1 | 2012 | 40
14-FK120 11-TC100-2 2012 | 2 | 14-FK148 | 11-TCli2-2 | 2012 | 41
14-FK121 11-TC100-3 2012 | 3 | 14-FK149 | 11-TClI3-1 | 2012 | 43
14-FK122 11-TC101-1 2012 | 4 | 14-FK150 | 11-TClI3-2 | 2012 | 44
14-FK123 11-TC101-3 2012 | 6 | 14-FKI51 | 11-TC114-3 | 2012 | 48
14-FK124 11-TC102-1 2012 | 7 | 14-FKI52 | 11-TClI5-2 | 2012 | 50
9

14-FK125 11-TC102-2 2012 14-FK153 11-TC117-1 2012 o4
14-FK126(MS) | 11-TC103-1x11-TC103-2 | 2012 11 14-FK154 11-TC117-3 2012 56
14-FK127(MS) | 11-TC103-1x11-TC103-3 | 2012 12 14-FK155 11-TC118-1 2012 o7

14-FK128 11-TC103-2 2012 13 14-FK156 11-TC118-2 2012 o8
14-FK129 11-TC103-3 2012 14 14-FK157 11-TC119-1 2012 99
14-FK130 11-TC104-1 2012 16 14-FK158 11-TC119-3 2012 61
14-FK131 11-TC104-2 2012 17 14-FK159 11-TC120-1 2012 62
14-FK132 11-TC104-3 2012 18 14-FK160 11-TC120-2 2012 63
14-FK133 11-TC105-1 2012 19 14-FK161 11-TC120-3 2012 64
14-FK134 11-TC105-2 2012 20 14-FK162 11-TC121-1 2012 65
14-FK135 11-TC105-3 2012 21 14-FK163 11-TC121-2 2012 66
14-FK136 11-TC106-1 2012 22 14-FK164 11-TC127-1 2012 74

14-FK137 11-TC108-1 2012 28 14-FK165 11-TC127-2 2012 75




14-FK138 11-TC108-2 2012 29 14-FK166 11-TC130-1 2012 80
14-FK139 11-TC108-3 2012 30 14-FK167 11-TC130-2 2012 81
14-FK140 11-TC109-1 2012 31 14-FK168 11-TC130-3 2012 82
14-FK141 11-TC109-2 2012 32 14-FK169 11-TC131-2 2012 84
14-FK142 11-TC109-3 2012 33 14-FK170 11-TC132-1 2012 85
14-FK143 11-TC110-1 2012 34 14-FK171 11-TC132-2 2012 86
14-FK144 11-TC110-2 2012 35 14-FK172 11-TC134-2 2012 90
14-FK145 11-TC111-1 2012 37 14-FK173 11-TC134-3 2012 91
14-FK146 11-TC111-3 2012 39

<E 6> ZHIAR}E =07 AM9t=E] DH inbred 34159 4%

MM

A AS (14-FK167) AHAlS (14-FK173) A3 A S (14-FK129)

O A 555 AT 224 v 72l §744 As 27 AS o= 0 AdE kA 24
A AlE 398 SAF 54 2xt 1IAISAIA 1008 ol AE 85

13 =4 eh A% 1 A% | 2ANE | 2% AE A%
13-FM313 11-TC100-3 2012 3 2014 0
13-FM314 11-TC101-1 2012 4 2014 115
13-FM315 08-MR6-1 2009 279 2014 24
13-FM316 11-TC102-2 2012 9 2014 0
13-FM317 11-TC103-2 2012 13 2014 84
13-FM318 11-TC104-3 2012 18 2014 46
13-FM319 08-MR11-1 2009 284 2014 152
13-FM320 11-TC105-3 2012 21 2014 274
13-FM321 08-MR13-1 2009 286 2014 0
13-FM322 11-TC106-2 2012 23 2014 35
13-FM323 08-MR16-1 2009 289 2014 36
13-FM324 08-MR17-1 2009 290 2014 361
13-FM325 08-MR18-1 2009 291 2014 546
13-FM326 11-TC108-3 2012 30 2014 109
13-FM327 11-TC109-1 2012 31 2014 209
13-FM328 11-TC110-1 2012 34 2014 87
13-FM329 08-MR22-1 2009 299 2014 216
13-FM330 08-MR23-1 2009 300 2014 0
13-FM331 11-TC111-3 2012 39 2014 106
13-FM332 11-TC112-1 2012 40 2014 30
13-FM333 08-MR27-1 2009 308 2014 95
13-FM334 11-TC113-1 2012 43 2014 63
13-FM335 11-TC114-3 2012 48 2014 0
13-FM336 08-MR30-1 2009 314 2014 346




2.

w

13-FM337 11-TC115-2 2012 50 2014 72
13-FM338 11-TC117-3 2012 56 2014 0
13-FM339 08-MR33-1 2009 321 2014 28
13-FM340 08-MR34-1 2009 322 2014 0
13-FM341 11-TC118-2 2012 58 2014 0
13-FM342 11-TC119-1 2012 59 2014 0
13-FM343 08-MR37-1 2009 327 2014 500
13-FM344 11-TC120-1 2012 62 2014 0
13-FM345 08-MR39-1 2009 329 2014 0
13-FM346 11-TC121-1 2012 65 2014 0
13-FM347 11-TC123-1 2012 70 2014 0
13-FM348 08-MR43-4 2009 338 2014 0
13-FM349 11-TC127-2 2012 75 2014 0
13-FM350 08-MR47-1 2009 343 2014 0
13-FM351 11-TC129-2 2012 78 2014 0
O 1t ZA0] 4Este] EERE 59U AA| : YL100455
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5. A 6ol
O 7lul2 Majeh 48 Holof YePols oy & UL

YR (B S4HY)
Ry

¥ = =3 S5 R
A10045% o A+ A EEDE T A
REL] 442 ERik: B A4
U 7PSA
<E 2> 9100455 7PAEA
T % ety 5@ ZACcm CRRGD) AHCm)
Yw10045% 442 360 13.2 17.8 22.8
e 5 1,668 1,406 20.7 22.1 36
ot Bals AFY - BEH AYE2 tivl S fAE
ab. 224 1 1,120 kg/10a (hEF : 4,686 kg/10a)
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3.39x 47 Ug 2 2
) waA Blorg AR 4 2 AR
O 24

- Z‘QS‘—E—}\]'H:]

( 200795

— 8 7|1H(119) 55 A%

x4 Hyr} g

A

A A2

A e AL (FP141)

e

(FP258)

(FP248)

2242 (FP126) A 242 (FP120) A2 (FP125)
<E 1> 20159 712 Yol HG AIY 228K mE =22
xgerd =W et s xaetd s
15-FP109 07-1-1 15-FP185 08-1-20 15-FP261 12-1-26
15-FP110 07-1-2 15-FP186 08-1-21 15-FP262 12-1-27
15-FP111 07-1-3 15-FP187 08-1-22 15-FP263 12-1-28
15-FP112 07-1-4 15-FP188 08-1-25 15-FP264 12-1-29
15-FP113 07-1-5 15-FP189 08-1-26 15-FP265 12-1-30
15-FP114 07-1-6 15-FP190 08-1-27 15-FP266 12-1-31
15-FP115 07-1-7 15-FP191 08-1-28 15-FP267 12-1-32
15-FP116 07-1-8 15-FP192 08-1-29 15-FP268 12-1-33
15-FP117 07-1-9 15-FP193 08-1-30 15-FP269 12-1-34
15-FP118 07-1-10 15-FP194 08-1-31 15-FP270 12-1-35
15-FP119 07-1-11 15-FP195 09-1-1 15-FP271 12-1-36
15-FP120 07-1-12 15-FP196 09-1-2 15-FP272 12-1-37
15-FP121 07-1-13 15-FP197 09-1-3 15-FP273 12-1-38
15-FP122 07-1-14 15-FP198 09-1-4 15-FP274 12-1-39
15-FP123 07-1-15 15-FP199 09-1-5 15-FP275 12-1-40
15-FP124 07-1-16 15-FP200 09-1-6 15-FP276 12-1-41
15-FP125 07-1-17 15-FP201 09-1-7 15-FP277 12-1-42
15-FP126 07-1-18 15-FP202 09-1-8 15-FP278 12-1-43
15-FP127 07-1-19 15-FP203 09-1-9 15-FP279 12-1-44
15-FP128 07-1-20 15-FP204 09-1-10 15-FP280 12-1-45
15-FP129 07-1-21 15-FP205 09-1-11 15-FP281 12-1-46
15-FP130 07-1-22 15-FP206 09-1-12 15-FP282 12-1-47
15-FP131 07-1-23 15-FP207 09-1-13 15-FP283 12-1-48




15-FP132 07-1-24 15-FP208 09-1-14 15-FP284 12-1-49
15-FP133 07-1-25 15-FP209 09-1-15 15-FP285 12-1-50
15-FP134 07-1-26 15-FP210 09-1-16 15-FP286 12-1-51
15-FP135 07-1-27 15-FP211 09-1-17 15-FP287 12-1-52
15-FP136 07-1-28 15-FP212 09-1-18 15-FP288 12-1-53
15-FP137 07-1-29 15-FP213 10-1-1 15-FP289 12-1-54
15-FP138 07-1-30 15-FP214 11-1-1 15-FP290 13-1-1
15-FP139 07-1-31 15-FP215 11-1-2 15-FP291 13-1-2
15-FP140 07-1-32 15-FP216 11-1-3 15-FP292 13-1-3
15-FP141 07-1-33 15-FP217 11-1-4 15-FP293 13-1-4
15-FP142 07-1-34 15-FP218 11-1-5 15-FP294 13-1-5
15-FP143 07-1-35 15-FP219 11-1-6 15-FP295 13-1-6
15-FP144 07-1-36 15-FP220 11-1-7 15-FP296 13-1-7
15-FP145 07-1-37 15-FP221 11-1-8 15-FP297 13-1-8
15-FP146 07-1-38 15-FP222 11-1-9 15-FP298 13-1-9
15-FP147 07-1-39 15-FP223 11-1-10 15-FP299 13-1-10
15-FP148 07-1-40 15-FP224 11-1-11 15-FP300 13-1-11
15-FP149 07-1-41 15-FP225 11-1-21 15-FP301 A7 A2 7] 5
15-FP150 07-1-42 15-FP226 11-1-22 15-FP302 TdAER
15-FP151 07-1-43 15-FP227 11-1-23 15-FP303 A
15-FP152 07-1-44 15-FP228 11-1-24 15-FP304 HEAZGE
15-FP153 07-1-45 15-FP229 11-1-25 15-FP305 e g F
15-FP154 07-1-46 15-FP230 11-1-26 15-FP306 A7y
15-FP155 07-1-47 15-FP231 11-1-27 15-FP307 455
15-FP156 07-1-48 15-FP232 11-1-28 15-FP308 A5 5
15-FP157 07-1-49 15-FP233 11-1-29 15-FP309 A g
15-FP158 07-1-50 15-FP234 11-1-30 15-FP310 FEgn
15-FP159 07-1-51 15-FP235 12-1-55 15-FP311 B
15-FP160 07-1-52 15-FP236 12-1-1 15-FP312 H
15-FP161 07-1-53 15-FP237 12-1-2 15-FP313 3} gEl F
15-FP162 07-1-124 15-FP238 12-1-3 15-FP314 Tugrs
15-FP163 07-1-125 15-FP239 12-1-4 15-FP315 15-1-1
15-FP164 07-1-126 15-FP240 12-1-5 15-FP316 15-1-2
15-FP165 07-1-127 15-FP241 12-1-6 15-FP317 15-1-3
15-FP166 08-1-1 15-FP242 12-1-7 15-FP318 15-1-4
15-FP167 08-1-2 15-FP243 12-1-8 15-FP319 15-1-5
15-FP168 08-1-3 15-FP244 12-1-9 15-FP320 15-1-6
15-FP169 08-1-4 15-FP245 12-1-10 15-FP321 15-1-7
15-FP170 08-1-5 15-FP246 12-1-11 15-FP322 15-1-8
15-FP171 08-1-6 15-FP247 12-1-12 15-FP323 15-1-9
15-FP172 08-1-7 15-FP248 12-1-13 15-FP324 15-1-10
15-FP173 08-1-8 15-FP249 12-1-14 15-FP325 15-1-11
15-FP174 08-1-9 15-FP250 12-1-15 15-FP326 15-1-12
15-FP175 08-1-10 15-FP251 12-1-16 15-FP327 15-1-13
15-FP176 08-1-11 15-FP252 12-1-17 15-FP328 15-1-14
15-FP177 08-1-12 15-FP253 12-1-18 15-FP329 15-1-15
15-FP178 08-1-13 15-FP254 12-1-19 15-FP330 15-1-16
15-FP179 08-1-14 15-FP255 12-1-20 15-FP331 15-1-17
15-FP180 08-1-15 15-FP256 12-1-21 15-FP332 15-1-18
15-FP181 08-1-16 15-FP257 12-1-22 15-FP333 15-1-19
15-FP182 08-1-17 15-FP258 12-1-23 15-FP334 15-1-20
15-FP183 08-1-18 15-FP259 12-1-24 15-FP335 15-1-21
15-FP184 08-1-19 15-FP260 12-1-25 15-FP336 15-1-22
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O 2ZAL B AB]A AA] 0 3RPA R A ZARHSF Afu]A 9579 A=A vljF A} 86279
A el Al R, 76789 BAIE LAl iR R4St 2 YRSHAE

2} HE g T Y tEHT
15-KR1 21 Y 3 10¥31¥ 10
15-KR2 22 Y 4 10¥€31¥ 10
15-KR3 23 YoM 1 10¥31¥ 10
15-KR4 24 Y ox= 2 10¥€31¥ 10
15-KR5 25 Yeoxe 3 10¥31¥ 10
15-KR6 26 Yeoxe 4 10931 10
15-KR7 27 YoRs 5 10€31¥ 10
15-KR8 28 Ynte] o F R 1 1959 10
15-KR9 29 fYulol . EFH 2 1959 10

15-KR10 30 fdutol L FH 3 195 10
15-KR11 31 jYgulol o8 4 1959 10
15-KR12 32 fYnte]l TR 5 1959 10
15-KR13 33 i gnte]l o F R 6 1959 10
15-KR14 34 gnte] e F R 7 1959 10
15-KR15 35 gnte]l o F R 8 1959 10
15-KR16 36 dnto] TR 9 195% 10
15-KR17 37 fgulol o F 8 10 195% 10




<E 3> ARA[F 3AF AMu|A Ayt 55 uiAA Y uiR| R
H 2F A E1 | AF
g} PSR- PR WL Az WA | AAE (2w =] A ) A
W A <= M= N4
15-KR1 Y 1 10-D 1 - - 1 1
15-KR2 Y 1 10-D 3 - - 3 3
15-KR3 YA E 8 11 26 10-C 23 127 107
15-KR4 YA E 9 11 31 10 24 109 100
15-KR5 H A= 5 13 10 10-D 6 22 21
15-KR6 Y o= 8 10-B 147 10-D 19 213 201
15-KR7 o= 4 10-D 4 11 3 11 9
15-KR8 nlo]l o H gy 7 10-C 41 13 30 120 116
15-KR9 Hlole B 8 Y 9 10-D 23 11 19 109 85
15-KR10 jdulole =g 2 10-A 1 12 1 2 2
15-KR11 gulol 28 2 10-B 2 10-C 1 3 2
15-KR12 Ygnlol 28 2 11 3 10 2 5 5
15-KR13 gnlol 28 - - - - - - -
15-KR14 Ygnto| =8 2 10-A 2 10-C 2 4 4
15-KR15 dnlo| 2 F R 6 10-B 48 10 31 127 101
15-KR16 Yol EH - - - - - - -
15-KR17 gnloleEw 3 11 3 10-D 2 6 5
15-KR18 jdulole =g 1 10-A 2 - - 2 1
15-KR19 gnlol 8 2 11 2 10 2 4 4
A 868 767
<E 4> Hojld MAeF ApEo] AR} uijQF At
Bl gk A |l 2 A
) hed HA A | AAE | ZA A | A e N e | Edast
Bl %] 5 S
13-TF 1 3 10-B 15 11 6 23 19 -
13-TF 2 6 10-A 71 11 3 82 15 -
13-TF 3 2 11 8 10 1 9 7 -
13-TF 4 6 10-B 47 12 8 66 58
13-TF 5 5 10-B 9 11 5 18 16 -
13-TF 6 2 10-A 2 12 1 3 3 -
13-TF 7 4 10-A 81 11 15 100 7
13-TF 8 8 10-B 118 10-C 17 182 145 -
13-TF 9 1 10-C 1 - - 1 1 -
13-TF 10 2 10-C 2 10-D 1 3 3 -
13-TF 11 5 10-B 12 10-A 6 30 28
13-TF 12 - - - - - - - -
13-TF 13 - - - - - - - -
13-TF 14 3 10-D 11 10-A 6 19 19 -
13-TF 15 6 10-D 6 10-C 6 22 20 -
13-TF 16 3 12 1 - - 3 1 -
13-TF 17 4 13 4 10 2 8 8 -
13-TF 18 2 12 1 - - 2 1 -
13-TF 19 3 10-B 45 10-C 7 55 43 -
13-TF 20 5 12 3 10-C 2 10 9 -
13-TF 21 6 10-B 4 12 3 14 11 -
13-TF 22 - - - - - - - -
13-TF 23 3 10-C 2 12 1 4 4 -
13-TF 24 6 13 32 10-B 29 93 67 -
13-TF 25 7 11 70 10-B 19 113 46 -
13-TF 26 1 11 8 - - 8 - -




13-TF 27 5 12 185 32 239 126
13-TF 28 7 13 14 10-C 5 33 14
13-TF 29 2 10-A 4 10-D 1 5 0 -
13-TF 30 2 10-A 2 10-E 1 3 3 -
A 1,148 744 8
ok 4Rl 92 AE 44
O 227 vjeF S ASGAEE A L 71E AL EH)] HARLS 5 B4 54
ROl S A} < agel £ARY B2 DH A £41% HaRo2 Susigen o5
FoslAle 35 AUt 94 B5S AUy
< 5 3RE F4] 9R¥ 4830 DH A5 2%
7 AlsH U x4 A5+ R e
15-FP61 11-TC100-1 2015 15-FP85 11-TC103-2 2014
15-FP62 11-TC100-3 2015 15-FP86 11-TC108-3 2014
15-FP63 11-TC105-1 2015 15-FP87 11-TC109-1 2014
15-FP64 11-TC117-1 2015 15-FP88 08-MR27-1 2014
15-FP65 11-TC130-2 2015 15-FP89 11-TC113-1 2014
15-FP66 11-TC131-2 2015 15-FP90 08-MR30-1 2014
15-FP67 11-TC134-3 2015 15-FP91 11-TC115-2 2014
15-FP68 11-TC104-3 2012 15-FP92 11-CTC18-10 2013
15-FP69 11-TC105-3 2012 15-FP93 11-CTC18-12 2013
15-FP70 11-TC108-3 2012 15-FP94 08-MR11-1 2009
15-FP71 11-TC112-1 2012 15-FP95 08-MR13-1 2009
15-FP72 11-TC113-1 2012 15-FP96 08-MR16-1 2009
15-FP73 11-TC119-1 2012 15-FP97 08-MR17-1 2009
15-FP74 11-TC120-2 2012 15-FP98 08-MR18-1 2009
15-FP75 11-TC130-1 2012 15-FP99 11-TC109-1 2012
15-FP76 11-TC130-2 2012 15-FP100 08-MR22-1 2009
15-FP77 11-TC130-3 2012 15-FP101 08-MR23-1 2009
15-FP78 11-TC132-2 2012 15-FP102 08-MR27-1 2009
15-FP79 11-CFD238-2 2014 15-FP103 08-MR30-1 2009
15-FP80 11-CTC18-2 2014 15-FP104 08-MR33-1 2009
15-FP81 11-CTC18-3 2014 15-FP105 08-MR34-1 2009
15-FP82 11-CTC18-4 2014 15-FP106 08-MR37-1 2009
15-FP83 11-CTC18-8 2014 15-FP107 08-MR39-1 2009
15-FP84 11-CTC18-10 2014 15-FP108 08-MR47-1 2009
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<E 1> 20169 2 el Lo WO A 11650 1}E 2=

16ba | A l6zhd | AH l6=hd | A9 l62ha | AH
16-FC73 THEY 16-FC102 T 16-FC131 R 16-FC160 o] =
16-FC74 T 16-FC103 T 16-FC132 R 16-FC161 o] =
16-FC75 T 16-FC104 il 16-FC133 dE 16-FC162 =
16-FC76 T 16-FC105 T 16-FC134 dE 16-FC163 m) =
16-FC77 T 16-FC106 A== 16-FC135 dE 16-FC164 o) =
16-FC78 T 16-FC107 | ¥EES 16-FC136 R 16-FC165 | T=Hd%
16-FC79 T 16-FC108 dE 16-FC137 dE 16-FC166 | T=Hd%
16-FC80 T 16-FC109 & 16-FC138 dE 16-FC167 | =A%
16-FC81 T 16-FC110 B 16-FC139 dE 16-FC168 | T2 %=
16-FC82 T 16-FCI111 B 16-FC140 dE 16-FC169 | +=H=
16-FC83 T 16-FC112 dE 16-FC141 dE 16-FC170 | F=A3=
16-FC84 T 16-FC113 dE 16-FC142 dE 16-FC171 | +=3%
16-FC85 | =& %9 | 16-FC114 dE 16-FC143 dE 16-FC172 | $3H%E
16-FC86 A Fol 16-FC115 IR 16-FC144 g 16-FC173 | vl= =9
16-FC87 A Ea 16-FC116 B 16-FC145 dE 16-FC174 m) =




16-FC88 | =& | 16-FC117 dE 16-FC146 dE 16-FC175 o] =
16-FC89 | =& | 16-FC118 dE 16-FC147 dE 16-FC176 o] =
16-FC90 | =& | 16-FC119 dE 16-FC148 dE 16-FC177 v =
16-FC91 | =& | 16-FC120 dE 16-FC149 dE 16-FC178 H] =
16-FC92 | =& | 16-FC121 dE 16-FC150 | elzpl=s] | 16-FC179 u] =
16-FC93 | =& | 16-FC122 dE 16-FC151 | o]2&t<l | 16-FC180 u] =
16-FC94 | =& | 16-FC123 dE 16-FC152 | o]x2td | 16-FC181 | AA¥F
16-FC%5 | =9 | 16-FCl24 g8 16-FC153 | ol»2td | 16-FC182 | AA¥
16-FC96 = 16-FC125 g8 16-FC154 | vl==¢) | 16-FC183 | A2 tIA&
16-FC97 = 16-FC126 dE 16-FC155 o] = 16-FC184 | A&l
16-FC98 Z 16-FC127 dE 16-FC156 o] = 16-FC185 | A&l
16-FC99 Z 16-FC128 dE 16-FC157 o) = 16-FC186 | A&l
16-FC100 ] 16-FC129 dE 16-FC158 o) = 16-FC187 | Al-2Th
16-FC101 = 16-FC130 g8 16-FC159 o] = 16-FC188 | Al-2Ti
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A HiRlof x|t

<HE 2> AZXHIQF 4R} AH]A AlA

s

—

&=
=

=
=

SJES
o &

TP AEl A AT 2211789 WlgAIS
oF %21 L




2t =5 Bl 35y
16-KR 1 Radish Koregon Koregon 6 10
16-KR 2 Radish Koregon Koregon 7 10
16-KR 3 Radish Koregon Koregon 8 10
16-KR 4 Radish Koregon Koregon 9 10
16-KR 5 Radish THTH 200 10
16-KR 6 Radish FTHETH 212 10
16-KR 7 Radish THETE 345 10
16-KR 8 Radish TEER 363 10
16-KR 9 Radish TEITE 384 10
16-KR 10 Radish THTE 370 10
16-KR 11 Radish FHAgE HN1(H &) 10
16-KR 12 Radish TREIE HN2(Z W %) 10
16-KR 13 Radish TREIE HN3(x W &) 10
16-KR 14 Radish EoRaidary HN4(H 8 &) 10
16-KR 15 Radish TRELF HN5( W %) 10
16-KR 16 Radish o duto] & D1 7
16-KR 17 Radish L nlo] 2 D2 7
16-KR 18 Radish i dutol & D 3 7
16-KR 19 Radish i dutol & D4 7
16-KR 20 Radish L nlo] 2 D5 7
16-KR 21 Radish oL njo] 2 D6 7
16-KR 22 Radish i dutol & D7 7
16-KR 23 Radish o drto] & D8 7
16-KR 24 Radish g gnto] D9 7
16-KR 25 Radish i dutol & D 10 7
16-KR 26 Hj =3} I TH HK 1 2= A
16-KR 27 Hlj 5= 37} g TH HK 2 2= A
16-KR 28 s = TH HK 3 22 A
16-KR 29 s dTH HK 4 21 EA
16-KR 30 Hlj 5= 2 T H HK 5 21 & A
16-KR 31 ul) =3 Koregon 2501 21 E A
16-KR 32 w3 Koregon 2502 2 & A
16-KR 33 ulj 3=} Koregon 2505 2= A
16-KR 34 H) 3= 3} Koregon 2506 21 EA
16-KR 35 ul) =3 Koregon 2507 21 & A
<E 3> AZAPIY 42} Aulx Zop BSE oA 2 ujR R
e 2HE 3| A HA wiA| NAS (ZAD WA AAE | R dA A
16-KR | 1 5 = 1-A 3 11 1 4 3
16-KR | 2 5 2 - - - - - -
16-KR | 3 5 Y 10 2 - - 2 2
16-KR | 4 5 Y 11 7 10-D 2 12 11
16-KR | 5 5 SETH 10-B 60 10 31 127 127
16-KR | 6 5 THTE 1-D 40 10-B 21 78 78
16-KR | 7 T THTE 11 7 10-B 2 10 10




16-KR | 8 5 TIHTE 10 27 10-C 8 48 44
16-KR | 9 5 SEEHE 10 70 10-B 10 99 99
16-KR |10 5 5EEHE 10-D 9 13 5 27 25
16-KR |11 5 R e 11 10 10-D 10 22 22
16-KR |12 5 TR E 10-D 4 10-A 1 5 5
16-KR |13 5 sEddE 10 9 10-C 4 21 19
16-KR |14 5 FEAdE 10-D 10 12 4 18 7
16-KR |15 5 TEAE 10-D 1 1-D 1 2 2
16-KR |16 5= o Yulo] & 13 3 - 3 3
16-KR |17 = o) Yulo] & 13 4 - - 4 4
16-KR |18 o o] Yuto] & - - - - - -
16-KR |19 =1 o Yujo] & - - - - - -
16-KR |20 = o] Y uto] 2 - - - - - -
16-KR |21 5 o] Y uto] 10-D 3 - - 3 3
16-KR |22 5 o Yulo] & - - - - - -
16-KR |23 5 o Yulo] & 10-D - - - 9 9
16-KR |24 5 dutel e | ASEF - - - - -
16-KR |25 =) o Yujol & 13 - - - 1 1
16-KR |26 | wj33} T H 13 305 11 229 866 738
16-KR |27 | Wi} Blaaehel 12 51 11 42 151 148
16-KR |28 | wj3} Bl el 13 33 10-C 27 124 121
16-KR |29 | i3} IdFH 11 70 10-A 32 148 147
16-KR |30 | wi33} IdaEH 13 99 10 83 307 304
16-KR |31 | wl33} Y 10-C 1 - - 1 1
16-KR [32| wi3=} Y - - - - - -
16-KR |33 | w33} Y 11 19 10-D 10 48 44
16-KR |34 | wj33} Y 10-C 22 10 21 71 68
16-KR [35| ®i33} Y 10 5 10-C 1 7 6
2,211 2,045

o waA] 92 AT 84
O 227t v S ASGAIE A7 L 7|1E AL 23] W38 FE 54 54 2
A

ROl S A} 4ol 2TAIY K3 DH ABe] $A1% 430z Susigen olEg

FnalAe 35 ALsle 94 B5S AUty

<E 4> 495 34 g0 54 PriY 467159 2=

16242 A AEH(EYHT) AFEPEE | ZAHE
16-FA106 Hj %F A 13-FM319-2 2014 441
16-FA107 Hl} A 13-FM320-1 2014 442
16-FA108 Hj) A 13-FM320-2 2014 443
16-FA109 H} kA 13-FM322-2 2014 445
16-FA110 Hj) A 13-FM324-1 2014 450
16-FA111 Hl} oF A 13-FM325-1 2014 452
16-FA112 Hl) o A (MS) 13-FM325-2 x 13-FM325-1 2014 453
16-FA113 Hl} A 13-FM326-1 2014 454
16-FA114 Hj F A 13-FM327-1 2014 456
16-FA115 Hlj oF A 13-FM328-1 2014 457




16-FA116 | A 13-FM329-1 2014 458
16-FA117 Hl A 13-FM331-1 2014 462
16-FA118 Hl] A 13-FM332-2 2014 464
16-FA119 Hl| FA) 13-FM336-2 2014 470
16-FA120 Hl A 13-FM343-1 2014 475
16-FA121 Hl} FA) 14-CRM12-2 2015 4

16-FA122 Hl kA 14-CRM16-1 2015 6

16-FA123 H] A 14-CRM16-2 2015 7

16-FA124 Hj| ) 14-CRM16-7 2015 10
16-FA125 HY A 14-CRM16-10 2015 12

<® 5> ZH3AR} 502 Med DH inbred AE9 25

2. 84U

s 5 =F8UEs

O BAl =04 Al Ogst otds &85 5 3085 TAISIE e, L &5 HoA 574
< 27F Ey A AE dhelo] Q4% VNS AAYsto] o]E A&Ao=E AOAA
SR =

O 20139 TARRAF S57120 522 27 2935 AAgE Zuf 40| 4519 35
Add. o]lg X&A oz FA FA I doA 5442 A A Zojet 452 AM
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FETHESUAUT TAA

<SAEZE ‘YN 100508 ©5>

< 29 9k >

7. AIAIY] E71A4E BARE(NGS)E o]83F GBS(Genotype-by-Sequencing) &4
(1) 719 AFLP, RFLP, SSR&9 #AIAS o]&et 783 Z4(genotyping)2 &4
E AZHHQ ool 9g

(2 2011978 Ao HE=7] AlARE GBS w435 &9t SNP ZAH AR A=

BAME TUE SAA AES Al U8 WA BE oS JHHL AHE & AS

(3) & HLoAE= Poland et al. (2012)0] &sdst Pstl-Mspl?] double-digestion ¥H-&
A7ol o] % LAske] GBS efoluelelg Aystel e

(4) & AolM= & 7HA Agtaaet oA 2olBedE AV|ds A& JoA E71dHe
3 7)o w2} £&5to] genomic representations =thst Al @ &3 57}

(5) 23 1e GBS slolmejelo] Abduge mAT mAE2N A/Q5US ol&d
F7ITHY Z7]of ek A¥EY ®UF ofyz2} 2pojH2{2]e] ZH(quality control)&
1g0]7] 913t chyat WS Mgotde

(6) AlHAo] " GBS glojE2]RH A" FASTq mtYe  TASSEL-GBS

tto| matele o] g3t SRS B0l K13
(7) TASSEL-GBS mto]meelo] 749 A4 ©FRRE o7]d 4 9l SNPEAS 972
Zol7] 9lstol of2igo] 0%l /e A WA W/IRRE 64749 A/INAY oz
AEsto] RAEAS ASLR A0 SAAY BN 588 =79

|

T =
5] TASSEL-GBSO| 7% mESAA7} &Yejx] e o] ¥xo| o]gd 2 9
UNEAK mjojmefelo] Hrz MA|7} wo] gloenz o] o]g&stey SNP {AA
HuE 7HR 2 9l hapmap TS A4

o2 rlr



9) A= hapmap MY FA ¥A mEaddd AW olgstel 7| xibE 7
A&9] MESHST 4 single-marker analysisS A&

U ARergat dwEl SNPO] @ QAR BA

A K]

(1) SNP A|UAE 2 BEQAAES o] st YAHRE 24
(2) GFF m}lg ol @sto] 2alx A7t 7be §AA HRE 24

- L1
>.4
)
4
a1
z B
=)
3]
o

)]
=3
Q
(@}
|
=
Jd
> ol

(2) & 120 ASol oisl A=A BiIRE 2 ASE AMEIetes wiPgoR 3A Al 7HA
Aoz 27 H w2 AMEFEe Y= AS M
HEtH= A L 32

3) & AlEol thet mE &, 7 A
ATholAf 35 AE. M @‘E&Oﬂﬁ 3

(4) & 96 Ae2 g GBSE 3

DikiA A
5 S > <
3 Genomic E:;,/;L

DNA =&

A"y X| (82 )7} B&H = NGS
Pstl-Mspl2 0|29} double-digestion (;Iﬁ!ﬁ EI}{of;"ml_J A

HI|WEE 0|28 S AJO| = %5 HA U o FHo) £

CHG1 Ca0] CHOI CMod CalGH Csiod CRBT

Im;
Ii
- m

{ 3|

WENTID

WO T

e

NGS A1 WRHHE EE 0|20 NP FA] DUE QA E Ay

<J#& 1> Double-digested GBS gzfo]Eg{g] & o] &3t GAX} A|ro] A SEF=



E 2. FASE AR A AEsEe] e B

a4 AL S ASE € 4 As F71 A9 A2ets | 27
16-GX60 1 08-MR13 A SF3 269.500 | H
16-GX71 2 12-LA41(12-SC49-3) 96.970 H
16-GX35 3 FaEASA 88.519 H
16-GX93 4 Efj el 2 Yol 66.053 H
16-GX59 5 Hat 07-FP322 55.000 H
16-GX97 6 A E e e s 54.063 H
16-GX09 7 = 0Hjo] Q 49.306 H
16-GX78 8 12-LA66(12-SC92-1) 46.667 H
16-GX68 9 12-LA35(12-SC37-2) 42.955 H
16-GX18 10 3% Ae 40.444 H
16-GX08 11 B9 38.431 H
16-GX33 12 FoEASA 37.667 H
16-GX32 13 FHEASA 34.444 H
16-GX04 14 AexQ 32.764 H
16-GX17 15 535 & 30.303 H
16-GX99 16 B 27.500 H
16-GX06 17 Swexg 27.333 H
16-GX120 18 E 27.143 H
16-GX02 19 A}Z}EF F2jo} 25.952 H
16-GX12 20 TAES 24.848 H
16-GX14 21 CAES 24.444 H
16-GX11 22 ZYstexg 21.667 H
16-GX79 23 20.417 H
16-GX27 24 LTFAEJT 20.370 H
16-GX75 25 12-LA47(12-SC67-3) 20.303 H
16-GX103 26 4= AHY wHfA| 20.000 H
16-GX46 27 08-SE14 07-SD88-4%07-SD70-2 17.727 H
16-GX106 28 d=Y A WA 17.143 H
16-GX118 29 AlTES 15.556 H
16-GX07 30 A 15.278 H
16-GX77 31 12-LA49(12-SC70-1) 13.067 H
16-GX113 32 Al ES (23 12.903 H
16-GX05 33 Zotxg 12.796 H
16-GX72 34 12-LA44(12-SC61-2) 12.333 H
16-GX61 35 = A 24 10-FB49-1 12.143 H
16-GX21 36 ZaAE 2O 11.111 H
16-GX36 37 FoEASA 11.000 H
16-GX108 38 8= A wHA| 10.500 H
16-GX115 39 AES (735 9.663 H
16-GX34 40 Z L CAEA} 8.889 H
16-GX62 41 = AtY =o 10-FB230-3 6.000 M
16-GX102 42 8= At wufA| 5.833 M
16-GX24 43 AU =AE 5.641 M
16-GX15 44 CEAES 5.455 M




16-GX85 45 S 4.762 M
16-GX52 46 R 07-FP309 4.375 M
16-GX29 47 o ASA 3.889 M
16-GX28 48 A= UASA 3.704 M
16-GX107 49 8= A wHA| 3.448 M
16-GX90 50 I 3.421 M
16-GX03 54 ANgTH 3.333 M
16-GX13 52 CAES 3.333 M
16-GX45 53 38% MS Zrf 3.333 M
16-GX74 51 12-LA46(12-SC64-1) 3.333 M
16-GX57 55 Har 07-FP308 3.125 M
16-GX43 56 68% MS =t 2.857 M
16-GX37 58 = ASAt 2.778 M
16-GX73 57 12-LA45(12-SC62-1) 2.778 M
16-GX26 59 MU =dE 2.667 M
16-GX80 60 07-SD89-3%07-SD70-2 2.593 M
16-GX47 61 = S 2.500 M
16-GX119 62 E 2.500 M
16-GX58 63 o 07-FP310 2.273 M
16-GX76 64 12-LA48(12-SC69-2) 2.121 M
16-GX44 65 38% MS <t 2.083 M
16-GX111 66 YA EF FARES 2.000 M
16-GX112 67 ngAs 55 AR 2.000 M
16-GX65 68 3 A S 10-FB222-1 1.875 M
16-GX31 69 ST EUSAt 1.481 M
16-GX38 70 = ASAt 1.429 M
16-GX104 71 =ES 1.277 M
16-GX109 72 33 EY ArY wHjA| 1.176 M
16-GX16 73 =785 As 1.111 M
16-GX20 74 =45 Ae 1.111 M
16-GX49 75 28 07-FP302 1.111 M
16-GX81 76 =S 1.053 M
16-GX10 77 Loxg 0.857 M
16-GX25 78 Tt ed s 0.833 M
16-GX40 79 68% MS Zrf 0.833 M
16-GX91 80 SIS 0.800 M
16-GX56 81 07-FP333 0.455 L
16-GX82 82 E 0.408 L
16-GX69 84 12-LA36(12-SC38-1) 0.333 L
16-GX114 83 AHEZS (R 0.333 L
16-GX116 85 Al HES 0.313 L
16-GX19 86 8% A&s 0.303 L




16-GX92 87 =S 0.278 L
16-GX105 88 9 EY AFY wHjA| 0.278 L
16-GX84 90 =S 0.263 L
16-GX98 89 gsda 0.263 L
16-GX88 91 =S 0.227 L
16-GX83 92 0.000 L
16-GX86 93 =S 0.000 L
16-GX87 94 B 0.000 L
16-GX89 95 =S 0.000 L
16-GX94 96 5t 2T 0.000 L
16-GX95 97 5t 27 0.000 L
16-GX96 98 AT 5ho]s 0.000 L
16-GX100 99 U 100335 1 vl 0.000 L
16-GX101 100 3 E2Y A AHAA| 0.000 L
16-GX110 101 ngAs EF FARIES 0.000 L
16-GX117 102 AHES 0.000 L
16-GX48 103 02-r201-8-2j 0.000 L
16-GX50 104 L 07-FP305 0.000 L
16-GX51 105 07-FP308 0.000 L
16-GX53 106 L2 07-FP310 0.000 L
16-GX54 107 L] 07-FP319 0.000 L
16-GX55 108 07-FP322 0.000 L
16-GX63 109 = At 94 10-FB232-2 0.000 L
16-GX64 110 B 10-FB233-1 0.000 L
16-GX66 111 = A 3 10-FB223-1 0.000 L
16-GX67 112 A1w100375 11-FD51-1 0.000 L
16-GX70 113 12-LA37(12-SC40-1) 0.000 L
16-GX39 114 68% MS <t 0.000 L
16-GX41 115 68% MS Zrf 0.000 L
16-GX42 116 68% MS =rf 0.000 L
16-GX22 117 EE A R oRE 0.000 L
16-GX23 118 oA S 0.000 L
16-GX30 119 o= ASA 0.000 L
16-GX01 120 = oulo] @ 0.000 L

2. 8% SAEA mo|metel 75
7}. Genotype-by-Sequencing (GBS) 2}o]E2{2|9] &
(1) AFetes vtgoz AEd 9675 A& diste] 242 DNAS #E519] 40ng/ulz
5] 4
(2) AFEA(Nsi}t Mselfs WEe} 7| 2
2012 9] ¥lH-S modification)

oL

1 2A]17F Z9F 37°Coj|A] B3l (Poland et al.



(3) 2214 DNA ©Hof XAt F7]A

g AR oA ojFHE A2 (multiplexingZ
$15to] Barcoded adapterofl= 96712] ilggh AJAAS AJ/dsto] A4, 19 2)

Barcoded Adapter
Forward Primer
Reverse Primer
VYD LSO LY D000 OO OO Y OO AN YOV OOV

Common Adapter

ATTCTAG

<23 2> GBSzto]E3{2]9] Adapter ¥ Primer A|HA

(4) 9679 AZol 717} ofWElS TA-DNA ligase® ol §3fo] AZAZ $ & Ry

T

Zsto] AMPure XP bead purification technology (Beckman Coulter) =

o] &3t A <2H 3>

Pooled Digestion/Ligation
Reactions (n=94)

<2 3> 96749] vpmET}L 2@ of

HEHE 9 = AES BF YT JH. o] 4% F7IEH2
o|Fof AA|T Foo FHp7golA 96719 BES HIEE A|EA0 st B 22 & QS
)

(5) Illumina technologyo] AL3517] 5ty PCRE o]&5f Illumina °oj¥EHES g 1
40} Zo] A

'.;'-‘..: g

L
T L GBS
2%y | “Libra ry”
Ten 1.,
. .--.' !'."' >
: . "'..:.. e

L

<73 4> PCRZ 53] llumina oIS AYste 1%



Ao £5 ofa))

e Fx5 I9

(6) GBSelolueje]o] QCE 9lslel Bioanalyzers ol 84l afolzeje]
59} 7ro] &l

T T T
40 50 60 70 80 90 100 110 120 130 [s]

<14 5> Bio-Analyzerg o] &gt 2fojHeig] T &4 (A|EA0 APt Ex25 HEH)

3. GBS 2tojuaja] U4 Az
7h ARAY G712 2A(NGS) 712 Y
(1) £ 32 967] £ WEQ] A/IHG B AYE HolFL
1 lane BA4Z3F oF 627[19] quality readsS ¥4 Oon o= 2
readsS 7 4stct.

710 2 A HiSeq25009] flowcell
WEG o Y

(2) F9 genome sizeS 9F 500Mbz 7HA4stil  Nsil-Msel (6bp-4bp cutters) 2]
double-digestion9] 9]st reduced representationg ZFIstH  5x/locus?]
AR S 7 Aoz oiEEzE fARAS Yt ZIRbolHEAS AIES
Hol&

H 3. 967§ & AHE multiplexed sequencing 23}t
Sample ID Total Total Total GC More oo
(TBI D) reads bases (bp) bases (Gbp) Percent 2
(Tcr\%_ll_zifé%%lz) 610,026,370 61612663370 6161 40.41% 88.92%

(3) _IEJ 6=

[llumina F7|A4E =&
At S7bx] BA0 Aupt ned Bmsts et

QlojA] paired-end sequencing H|w-EA



Pair

Sample ID Name Per base qual GC contents Duplication

Cow_Library

(TN1612L2002) Forward

(4)

Cow_Library .
(TN1612L2002) Reverse |

<713 6> Paired-end sequencingo|4]9] forward®?} reverse A]HAQ] H|n

d 72 llumina @71A 28 A0 JQojA ZF &7]19 quality score £25 Ho|Z+=
o z2Al 100bp AJHAOA T%= 300]4H99.9%)2] quality scores HolFil 9l

O -

TASSEL-GBS mfolmajele Al:A AALAEEE] 64bpste Aetujo] o] §3}7] m&of

a
A

NBA BAA] 0F2 A% RREMY 0FS Aas ¥ 4 UL,
Iy 82 UMYl FRAY BHEBRA ABAY AXAE 4-6bp YRlE



1519 2520 3539 4540 5559 6569 7579 6589
Position in read (bp}

1 2 3 45 6 7 8 8

<" 7> 9714 EEA At9] quality score £

100 e = :
\ | %Duplicate relative 'sa».unn&c'zuﬂ

80

5 7 a2 3 1o+
Sequence Duplication Level

<23 8> QIINARA Auto] FENY B4R}



4. XY 24 (Genotyping)

7F. GBS Hlojg 242 ¢Jsi TASSEL 5 GBS v2& o]&3sF Tl d 24 (29 9)

—

Sequence
in Fasig
GBS5SaqToTagDBPlugin |
Tags in Fastg @
TagExportToFastqPlugin ProductionSNPCallerPluginyv2

Bowtieor B WA @
Aligner
Genotype HDFS
ST

SAM alignment P———
U GetTagSequenceFromDBPgin

Tag delimited file listing
DiscoverySNPCallerPluginv2 tag saquences from DB
i L TagTaxaDistFromDBPIugin
Taxa Lists GetTag stFrom ug|
-.,____/.—‘\'_l_’ SNPQualliyProfllePlugin &
Tab dedimited file listing
4 9 tag with taxa distribution

UpdateSNPPositionQualityPlugin

SNPCutPosTagVerification

<732 9> Discovery pipeline ZAl =

(1) StepO1 : GBSSeqToTagDBPlugin

() GBSSeqToTagDBPlugint: fastq TS <Aadsto] Alsist=r], tagsS AMolA
barcodeE 7H%l good read¥t Z2hfo] local databaseo]| A%t

(Y) 9 A= good barcoded reads%of|A] barcodesS ZAr2til, 71 FH 9] sequences
Z0of second cut site £+ read into the common adapter sequence’} 9] O™
7 data= ZHHY

(K}) PEARLS o] 83 Hajoi:
perl~/TASSEL5/run_pipeline.pl-fork1-GBSSeqToTagDBPlugin-ePSTI-i/home/yg
lee/Projects/Radish/sequence/TASSELV3/fastq/-db/home/yglee/Projects/Radi
sh/sequence/TASSELV5v2_paired/GBSV2.db-k/home/yglee/Projects/Radish/se
quence/Test_key_yglee.txt-endPlugin-runfork1

(2) Step02: TagExportToFastgPlugin



(7} TagExportToFastqPlugin= databaseo] A%t distinct tagsS bowtie2 = BWA
aligner program= & 4 QT = FASTQ file2 ®ist

(1) o] ¥gtsEl AuE2 “sam” TYZ PHE=0, ol= GBS #A pipelinedA] SNP
callingS s ¥tEx] = Q

(th) PEARLZ o] &<t §oi:
perl~/TASSEL5/run_pipeline.pl-fork1-TagExportToFastqPlugin-db/home/yglee
/Projects/Radish/sequence/TASSELV5v2 _paired/GBSV2.db-o/home/yglee/Proj

ects/Radish/sequence/TASSELV5v2_paired/tagsForAlign.fa.gz-c1-endPlugin-r
unforkl

(3) Step03: Burrows-Wheeler Aligner (bwa, Li et al. 2009)
(7hH bwax “.sam” T}UEL reference genomeo| align 5}7] st = of
(1) PEARLZ o] &8 g0l
~/programs/bwa-0.7.15/bwa-abwtswrsg_all_v1.fasta
~/programs/bwa-0.7.15/bwaindex-abwtswrsg_all_v1.fasta
~/programs/bwa-0.7.15/bwaaln-t4../../reference/rsg_all_vl.fastatagsForAlign.f
a.gz>tagsForAlign.sai

~/programs/bwa-0.7.15/bwasamse../../reference/rsg_all_v1.fastatagsForAlign.
saitagsForAlign.fa.gz>tagsForAlign.sam

(4) Step04: SAMToGBSdbPlugin

(7H SAMToGBSdbPlugin®= reference genome#tto] 7FsA Q= tag? YRS ZAsH7]
A5 “.sam” TIL 2. plugind tag cut YR izt AL S 71X databaseZS
Adlo]E ?f. ".sam” mUo]l Qli= tago| database?} UX|SHA] ow o2 IFE

(44) PEARLZ o]-&8F g0l
perl~/TASSEL5/run_pipeline.pl-forkl-SAMToGBSdbPlugin-i
/home/yglee/Projects/Radish/sequence/TASSELV5v2_paired/tagsForAlign.sam
-db /home/yglee/Projects/Radish/sequence/TASSELV5v2 _paired/GBSV2.db
-aProp 0.0 -aLen 0 -endPlugin -runforkl

(5) Step05: DiscoverySNPCallerPluginV2

(7}) DiscoverySNPCallerPluginV2+ GBSv2 database mt2-& o]&-35}o] aligned
tags2 Y E SNPE &M ZXO physical locationo] $X]st tagsS align. ©] align<®l
tags2HE A2 SNPs AW ZHE AA = 7 X9} allele data’} database©]
7.

(1) PEARLZ o] &3 BFoi:
perl~/TASSEL5/run_pipeline.pl-forkl-DiscoverySNPCallerPluginV2-db
/home/yglee/Projects/Radish/sequence/TASSELV5v2_paired/GBSV2.db
-mnLCov 0.1 - mnMAF 0.01 -deleteOldData true -endPlugin -runforkl



(6) Step06: SNPQualityProfilerPlugin

(7h o] plugin2 Z#ol%l taxa sets {3 ©hY3t coverage, depth, 12]il genotypic
statisticsof| /] ¥HE == SNPS scoresttt. Y taxa’t 7JsHA|A] QFOow,
pluging database¢] A7 taxas o83

(L)) PEARLS o] &% %aio}:
perl~/TASSEL5/run_pipeline.pl-fork1-SNPQualityProfilerPlugin-db/home/yglee
/Projects/Radish/sequence/TASSELV5v2_paired/GBSV2.db -statFile
"1_outputStats.txt" -deleteOldData true -endPlugin -runforkl

L}. SNP genotyping %
(1) ProductionSNPCallerPluginV2

(7h ©l plugin2 fastq®t keyfile UGIOJE|S genotypeez WA|Z] 2 o] wHIH

genotype dataS VCF = HDF5 format© 2 % genotype filed]| Hdj&. VCF=
default output®l. HDF5 file2 output file parameterof] o]&%= n}o] "hbH'S

2ol 24 2 9. okl e FYolol Ut AAY “-ko” ML ol gt
ME=2 22 HDFS output filew} A o Q5.

(4) PEARLZ o] &<t F&oi:
perl~/TASSEL5/run_pipeline.pl-fork1l-ProductionSNPCallerPluginV2-db/home/yg
lee/Projects/Radish/sequence/TASSELV5v2_paired/GBSV2.db-ePSTI-i/home/ygl
ee/Projects/Radish/sequence/TASSELV3/fastq/-k/home/yglee/Projects/Radish/
sequence/Test_key_yglee.txt-kmerLength64-o/home/yglee/Projects/Radish/sequ
ence/TASSELV5v2_paired/productioHapMap_noKO.vef-endPlugin-runfork1

t}. SNP genotyping 21}

(1) SNP calling Zy, = 3,835,968 7§9] SNPo| genotyped®l3iom, ZF SNPH total
missing rate2 A5t missing genotype©] 967 samples % 107§ ©o]At9l SNP-&
AAE. 223 Minor allele frequecy > 0.05 91 SNPRF A4dtsto] total 18,071 SNPZ
F&c5to] AA| A0 AREE

H
7t SGLEXTEA] —E—@.HQQJ %1819} Ut (Collard et al., 2005)
) 25719 Fol HtZ ol xfo]& st 12X} opAet
BEAY o] AHEAE A WY, 2" 10004 0t EE o259 fragment A}
fragment BE 7H5l & & tofl 7]19] Htgto] Afo]E Ho|u, U7 He L5
BH, & IF HolM 7] By Rolrr A9 gie. o] 4% utA E7F 79

2]

2|



Marker E Marker H

1 1 3 4 5 67 8 01011121314 1516 1718 1920 | 2 34 5 &7 EOID 11121314 1516 17 (2 1920

AABBABABABEAAAMAMEAAAMERG B ABBABBRBBAARBAAA BAABA
33314038 28 43 3240 30 3942 2830 20 41 3130 32 40 30 33314038 28 43 3240 30 3942 2830 20 41 31 3032 40 39
Group | (progeny Group 2 (progeny Group 1 (progeny Group 2 {progeny
with fragment A) with fragment B) with fragment A) with fragment B)
T 50T
Mean Mean -
height *¥ height 40T
30_'- 30 s
20T 20T
10T 10+
| |
0 I " Marker E 0 % f
A . Marker H
Genotype A B Genotype
P value <0.0001 = significant P value 0.5701 = not significant
Conclusion: marker is linked to a QTL Conclusion: marker is unlinked toa QTL

< 10> HARALEA] BAHO| Y

FAY. & Ao += QTL Cartographergti= AL ERO]S 0|85t ZAgl.

(3) DUEAI®EA] FAHZ linkage map ¢lo] vt2 LY A AZEYOE KA & &
A Aol Qo ghoF EAF uhAvt B Au" fARRE HojAdLs 1
ATEAZE Forx]7] dizol AAl Alsol A& 227t dojus ¥ 429 =
ez oF OetA GBS7F gejdeg olgd & Q&

. Amat Rl AjEELE0] GURAIEA

M

y=5bh+ bx +e

(3) & 4oM AAIH Zibs b, by, F statistic 25 24249 EAt&A]] tiste UEH+=
N0z BALEAISO] AEstET} ofn Frz ATEo] QA Lobg & 9rk. Y
location2 AJfZ= Aol XS UEMYWH sequence nameil sequence
discription 717} 077} WS AABE Ao 9t §HA olEa QA ot

4¥e HEH



(4) ¢ 22o|Mf HF7V(H)2 b =
25 (P-value)o] ATHH ol FAIRAIY} AFeteo] AWdS UEtH= Zlolot (x, *x,

0 oty th7H(Ha)2

b = 0°=2 Ao=n FYY

sk k2 (0.1%, 0.01%, 0.001%, 0.0001%9] Sold2 7H7F Hol&o}).
1D P-value Scafold Location Ref ﬁg(}rtllgnce Sequence Description
flnafkefm . Rs_scaf1279 | 19425 C
Iznafkeﬂ% . Rs_scaf1283 | 45766 G
gﬂafkefzn . Rs_scafld | 237848 | T
marker297 Rs_scafl1428
o 327 C
4 2
marker297 Rs_scaf1428
o 329 A
5 2
glafker334 . Rs_scafl498 | 23778 T
15narker409 . lgs_scaf1638 450 A
markerd4? . Rs_scaf1707 | 47162 | G RSG46506.t1 leucine aminopeptidase 1
glafkef‘l% . Rs_scaf182 | 119785 | G
glafkef‘l% . Rs_scaf182 | 119804 | T
ker496
mar 5‘91" . Rs_scaf182 | 315781 T | RSG14716.t1 ribonuclease h-like protein
kerd96
mar 9er * ok Rs_scaf182 315835 C RSG14716.t1 ribonuclease h-like protein
kerd97
mar. oer o Rs_scaf182 315866 A RSG14716.t1 ribonuclease h-like protein
kerd97
mar fr o Rs_scafl82 | 315890 T | RSG14716.t1 ribonuclease h-like protein
gnafkef504 . Rs_scafl84 | 300027 | T
marker645 Rs_scaf2196 PREDICTED: uncharacterized protein
) o ) 374 C | RSG58881.t1 L OC106790056
marker645 Rs_scaf2196 PREDICTED: uncharacterized protein
) * ok 9 421 T RSG5H8881.t1 LOC100790056
marker645 Rs_scaf2196 PREDICTED: uncharacterized protein
) . ) 446 A | RSG58881.t1 LOC106796056
marker756
; *x Rs_scaf249 | 180479 A
marker757
0 *ok Rs_scaf249 180533 A
gnafkef777 . Rs_scaf2540 | 14102 C
flnafke”w . Rs_scaf2547 | 22451 C
rglarker785 . gs_scaf256l 270 A N/A
marker850
8 * oKk K Rs_scaf2799 19778 T
marker851
) xxx% | Rs_scaf2799 | 19863 ¢
marker8s9 . Rs_scaf281 | 176301 | C RSG19029.t1 | ring-h2 finger protein atll-like
K R 294
mar 5er895 - S-ch 940 | cog T | RSG61521.t1
Elnarker901 * Rs_scaf297 | 8006 T RSG28786.t1 receptor-like protein kinase hsll-like
marker910 * Rs_scaf3 247805 T N/A




8

énarker966 . Rs_scaf317 | 223958 | T
IZnarker987 . Rs_scaf324 | 160958 | G RSG30616.t1 helicase-like protein
r5r§arker103 - R sontan 29717 T RSG21982.t1 %rgnge_p;li?ii’gon licensing factor
mafz‘;” 90 e | Roscafaz21 | 1190 RSGEO12141 | QYROINelar POt 900
marker120 " Rs_scaf43 314932 T
Enarker124 . lz%s_scafl 146 | 903 C
r&arkerl% * Rs_scaf471 | 85196 T
rz%arkerl29 x Rs_scaf493 | 171984 | T
marker132 . Rs_scaf511 | 1036 G RSG28884.t1 ribonuclease h-like protein
marker138 . Rs_scaf560 | 53655 C
marker145 . Rs_scaf6236 | 2649 A N/A
gnlafkefl54 . Rs_scaf703 | 43972 A RSG37752
marker154 . Rs_scaf703 | 44048 A RSG37752
gllarker157 « Rs_scaf7372 | 1556 C N/A
géarkerl57 . Rs_scaf7372 | 1611 T N/A
4m0arker158 . Rs_scaf749 | 23496 G RSG37847.t1 protein pelota-like
marker165 * Rs_scaf8219 | 919 A
géarkerl% « Rs_scaf8219 | 921 T
rlréarkerl70 . Rs_scaf866 | 49375 A RSG34684.t1 protein
markerl72 " Rs_scaf89 286886 T
markerl72 N Rs_scaf89 286893 C
marker172 . Rs_scaf89 | 286927 | G
markerl172 . Rs_scaf89 286987 A
B 4. AZA vYoA REsIS0] THABRITA] A A} (s, *%, xxx, xxxx 2 0.1%,

0.01%, 0.001%, 0.0001%2] -2l d=

7k7k ®olEDh




3 A A3NRLeAE: 2 RE &g SAS U AW AL % AS

o
=73

L 9AAY 44, 54 2% R AR s

L o X =

O 19rH2013) A7 282 9lsto] 20139 53 FARGIEY, A4, ol S)olAl 34
dol A AelES 2AsAL. AR 24 Ark U AL, AF BN, AR
AR BRI, hgold simlo] EAAglh ZFEAAAS skl 20149 8Y 299 =l
dolSatmetY(2) AR PRl 24 SAAY 348 TEAD 119 62 a5ty
23 3 2%, 2%, 25 QW 9% YR UREE0] 5 5UA P RASIYCHE 1). 344
o FAAE & 1RY 548 7H RAA 58S 20149 SR RAREIAE O 715/ S-SR A
-397, 2014. 3. 4., }4HS GB14059(2014.03.11.)] st¥ L 20143 718 ZFELRAY & &
2 LS 7H RAR 88S 20159 sdRAREAIEA 715 (Rl 4vk-270, 2015. 1. 30.)
shRA F7t2 RAA 13RS 20159 s R-RAAAIE O 7155 ths G-/ AHd Al B -4249,
2015.12.23.)
1. &= 28 A4 3489 AgR 3 AlskE s &4
s =% 2% 27 = CH e

(8) (8) (cm) Am)  E(mm)  5Hm) (cm) (ea) (Brix")

14-1-01 656+ 201 5334179 9.5#2.4 52+ 84 93+ 8.4 43+ 9.7 36.224.3 20.8+2.5 9.1+0.2 2.8%1.3
14-1-02 1346+207 11484215 23.0¢1.4 46+ 5.2 84+14.7 494 57 37.022.4 30.7£1.4 6.120.3 4.520.5
14-1-03 1004+ 102 6974100 9.7¢1.2 72+ 9.6 107+ 3.7 58+ 8.0 44.546.9 20.0+2.8 7.810.4 4.5%3.6
14-1-04 17954311 13681231 23.3%2.3 70+ 7.9 1021+10.4 47+ 6.7 55.74¢5.6 17.8+3.8 6.5+0.2 6.2+1.7
14-1-05 1543+ 84 1181+ 69 18.0£2.1 66+ 9.0 107+11.3 49+10.1 59.545.8 13.3+3.1 5.8+t0.3 6.2+1.5
14-1-06 668+ 76 535+ 76 13.811.5 57+ 50 76+ 4.2 41+ 4.1 29.746.1 12.3+2.2 7.410.2 5.8+1.2
14-1-07 616+ 173 5441156 20.5+4.3 42+ 6.1 95+11.1 43+ 9.7 30.724.0 21.0+2.8 6.6x0.4 8.0+1.3
14-1-08 1130+ 264 8561280 10.8+1.5 65+10.4 111+ 9.2 551410.9 47.8+4.8 185+2.2 7.7¢+05 2.5x1.4
14-1-09 1419+ 226 9381120 34.0+4.2 54+ 6.0 65+ 57 37+ 6.3 57.843.8 32.2+54 6.5t0.6 5.512.3
14-1-10 12774189 863+ 109 35.3%t3.9 44+ 58 64+ 3.8 331 3.0 66.7+5.9 24.8+4.1 6.4:0.2 5.0x1.4
14-1-11 424+ 71 316+ 59 6.3x1.4 82+14.7 114+ 6.5 53+ 7.4 33.844.8 11.3+2.0 8.0+1.0 8.820.4
14-1-12 724+ 136 6214132 20.3+3.9 44+ 56 70+ 4.8 38+ 4.9 32.842.6 19.8+54 6.2¢0.3 2.840.8
14-1-13 1058+ 248 9631271 21.0£3.3 39+ 85 96+ 9.0 43+ 50 39.8%4.6 9.5+1.6 6.210.7 4.311.2
14-1-14 15254194 12154155 31.221.9 40+ 45 83+ 56 35% 4.7 50.22#4.6 21.3x2.6 5.020.2 3.220.4
14-1-15 1263+ 288 9384200 18.2+1.5 54+11.1 104+ 4.3 40410.9 50.0¢3.3 25.3+3.0 6.0£0.3 6.311.2
14-1-16 214+ 60 180+ 48 58104 59£10.5 92+ 8.5 584153 18.2+3.8 13.0£3.3 7.0:0.9 8.840.4
14-1-17 2824138 2324105 6.2+1.5 61x17.2 103+ 8.6 481125 20.746.4 17.3+2.6 7.1£0.3 9.0£0.0
14-1-18 948+ 226 7734193 15.842.6 51+ 85 106+12.4 51+ 8.3 41.243.3 19.7+39 5.3+0.3 7.3215
14-1-19 731+ 99 6184 94 23.0t4.4 41+ 49 68+ 7.2 37+ 8.8 33.5+2.1 10.7+0.8 7.120.4 4.840.4
14-1-20 - - - - - - - - - -

14-1-21 - - - - - - - - - -

14-1-22 908+ 210 800203 26.5+3.1 51+ 7.1 100+ 9.1 44+ 83 34.2+1.7 17.3+1.8 6.1:0.7 8.210.4



14-1-23 606+ 81 508+ 74 24.2+1.5 53+ 7.2 86+11.5 48413.6 33.3%3.9 17.2+2.7 6.520.7 85205
14-1-24 16231286  1257+278 38.823.4 48+ 4.4 79+ 84 40+ 50 56.324.4 26.3+4.3 6.520.5 6.8%1.5
14-1-25 14334304 9034344 36.24¢5.0 50+ 8.6 62+11.1 284 50 58.7¢4.0 27.3+1.8 7.210.6 3.310.8
14-1-26 822+ 125 6574 99 20.0+1.5 47+ 43 82+ 7.4 361 3.8 42.7+3.1 17.8+2.3 7.6x1.2 5.0%2.1
14-1-27 8554115 6734112 10.2+1.3 55+ 9.0 101+ 7.3 40+ 6.2 42.342.7 19.0+2.2 8.8+0.7 2.7£0.8
14-1-28 994+ 75 783+ 26 11.810.8 48+ 5.1 117+ 3.8 61+10.1 38.7¢1.5 31.7+7.1 7.410.4 6.7¢0.5
14-1-29 1326259 11274229 33.742.5 45+ 54 86+ 58 39+ 3.3 37.542.9 19.3+24 6.4:t0.6 6.2%0.8
14-1-30 17384253 14031217 415246 44+ 43 78+ 6.1 37+ 4.5 54.3+1.8 23.3£4.2 54203 5.320.8
14-1-31 11614191 865+ 173 18.243.5 56+14.3 99+ 55 441+ 9.3 54.847.5 22.0+3.3 6.811.0 7.0x1.1
14-1-32 1091+ 212 851+ 95 21.0+¢1.4 54+ 4.7 85+ 3.3 41+ 43 51.845.9 18.7+45 7.0:04 7.3x1.4
14-1-33 14634182 1160+ 167 20.3+3.4 57+ 6.1 107+ 7.5 38+ 5.5 56.242.3 17.5+2.3 7.120.4 7.7¢1.5
14-1-34 942+ 219 6164168 14.8+1.6 62+16.4 83+17.6 39+ 4.2 57.844.2 17.7+43 9.9+1.0 2.040.9

fatgsol ¢ 1(RlS) ~ 9(me d)

14-1-44(0| =, s5) 14-1-45(0| =, s5) 14-1-47(0| =, s5)

Ty 1L oWEY % 0FN 47

z

wAAEY FEIA 54 H SRR 9

2. HEY, 0] &4 fARME 178 24 &4 24
SES ax oxp 45 Ix} BN =1
E}“H] Huo 5 o 1= Me] uT 0E H}E}EO]Z
= (8) (8) (cm) AH(mm) 2 (mm) 3Hmm) (cm) (ea) (Brix®) ==

14-1-35 149+ 70.8 1135+448 36.4 +2.6 47.3+10.9 81.0+£14.4 20.742.5 34.242.8 20.2+4.8 3.840.2 7.0#2.0



14-1-36 - 821+ 17 8.0 1.0 324+ 4.1 40.8% 4.1 19.04.2 - - 4.240.5  7.440.9
14-1-37 - 84+ 26 10.4 £1.3 30.9¢ 6.4 40.8% 6.1 18.0¢2.6 - - 3.040.4 8.2#1.1
14-1-38 170+ 73.7 1380+106 41.8 +7.3 47.2+ 8.7 83.84 50 31.6#5.7 36.0£#3.4 23.6%x3.9 3.920.4 7.420.9
14-1-39 - 1774103 12.4 £1.9 38.5% 5.2 52.4+ 9.7 22.7#4.8 - - 3.940.3  7.441.7
14-1-40 189+ 39.6 1825+459 456 2.6 48.7+ 3.1 91.7#11.7 26.1+4.8 36.443.2 24.8+x1.5 4.1¢0.4 7.8+1.8
14-1-41 336+ 39.6 16834783 29.0 +5.2 45.1+10.7 94.7+24.2 27.1#4.2 61.84¢1.3 13.6+x0.9 4.5+0.4 3.020.0

14-1-42 - 146+ 32 9.4 +1.1 41.8% 6.4 60.2+ 56 25.145.2 - - 3.5#0.4 8.60.9
14-1-43 - 88+ 14 11.4 £0.9 31.0# 5.1 42.6% 6.4 17.7#4.9 - - 4.340.5 9.0£0.0
14-1-44 3.5+ 1.6 9+ 3 10.5 £2.3 - - - 9.3#1.3  5.1%1.0 - -
14-1-45 9.8¢ 2.9 14+ 4 13.7 £2.8 - - - 16.1¢1.9  6.5+0.8 - -
14-1-46 4.0+ 1.2 10+ 3 11.9 #2.1 - - - 10.14#1.1  5.0+0.7 - -
14-1-47 159+ 6.8 8+ 2 139 432 - - - 18.742.3  7.5%1.1 - -

14-1-48 1072+ 180.0 17294818 46.6 +8.1 62.1+13.1 83.8+22.4 27.1#44.8 59.0#¢3.9 49.0+2.5 4.7#0.1 54422

14-1-49 11.1+ 4.1 12+ 3 149 £5.1 - - - 15.942.0 5.8#£1.0 - -
14-1-50 8.0x 2.2 9+ 2 14.0 £1.2 - - - 14.141.3  5.8+0.6 - -
14-1-51  10.0+ 2.3 4924235 21.2 £5.4 48.3212.3 69.6£13.8 24.0#4.1 + + 4.140.3 8.60.9

THRIEOl : 1(9) ~ oS Ad)

T APFESR /AR A XA i, 229, AE 24

7}. Standard DNA setZ O|-&37t AVFEate R4S wARA] A £ H‘ﬂeP

O Apt=std(ShadAtE ®HE8 ZARA] 71d2 95h9, NCBIo| 5550 = SRK %
SLG sequcncesS Z3oz Sl SXXIHY primer £ 213 pairs Kﬂﬁ.}@}‘?\if‘}. o] primer%%
A7dst7] dsted | (F)eREstso2RE 217] o 29719 Sl fAAE S 7H ASolA =&
© DNA 5785 ol o]&2 standard® ©]&5tItt. A|Aeh primers (£) &%8%
28 FY92 standard DNAO] A&sto] FALEA|Y] Hd {79 XS &IsHAT(
2)

P

[ o

ot |o

2 s1 : 4 s11
- = = = = - -
Sti)"'ff1234557391u 123 4 5 68 78 9 10 1 23 4 5 6 7 8 9 10

I 2. sl ApPFESEIS AR sl, 4, s11 W BXFHEX|(size marker: 100bp DNA ladder)

O 20149 E71x] s, s4, s5, s8, sll, s18, s21, s26 = 8710 SI SAX}& o Tjst Bxm
x|o] e T JJHS @astd i, 2015W o 52, s7, s12, s15, s16, $20, $22, 23, s245
Ole] AtEsHe QAR Bx rmu Here erastdrhaa 3, 4: = 3).



s7 marker,
94bp

29 4. i ApPhe et R AR s7

N7 D gl Sl Ll b s12 s15
= - - e
- ._ - — - - e -— —
- . -
a— — - - e
1_1"1:2 o 21 27 2324 31 41 49 51 52 53 6l 62 63 7172 73 &1 82 83
816 ~ " 520 522 523" 524 526 527 s30 s31
‘- - o - =
- i P — Loy E M At — —
- - — - -
-
- -— —
41 92 43 WINDWIM4 11 21122 BIB2BEF M1 51152153 B1K2HIKS L2
23 3. @A BAEY APIRE QAR T RALEA

Size marker:

80k n
LY N

13 20N

s7 DNA
samples

100bp DNA ladder

fFrormmn

9 11131517 21232527 2931333537 3941434548505254 56586062 646667

E 3. 2015G7kA] e ApFEete AR ®EE SALEA] 178 55
NO. SI type - Primer pairs - MT
1 sO1 slg01_F_381 slg01_R_1002 62°C
2 s02 srk02_F_678 srk02_R_1086 58°C
3 s04 slg04_F_756 slg04_R_887 58°C
4 s05 slg05_F_316 slg05_R_604 62°C
5 s07 srk07_F_937 srk07_R_1023 58°C
6 s08 srk08_F_452 srk08_R_1071 60°C
7 sll slgl1_F_321 slgl1_R_878 58°C
8 sl?2 slgl2_F_318 slgl2_R_869 58°C
9 s15 srkl15_F14 srk15_R1063 62°C
10 sl6 srk16_F srk16_R 62°C
11 s18 srk18_F_596 srk18_R_1101 60°C
12 520 srk20_F312 srk20_R1058 57°C
13 s21 slg21_F slg21_R 60°C
14 s22 srk22_F_213 srk22_R_595 58°C
15 s23 srk23_F_140 srk23_R_233 58°C
16 s24 slg24_F_75 slg24_R_820 60°C



17 526

60°C

2015 =77HX]

TaoA FFUeten of DNA AlEE 7|E

Biotechnology Information(NCBI)2]
201597 wrE 9E 20| Ap7hest

of e BALEAIY

slg26_F_616 slg?26_R_697
EXtEA] e s 29l —E,'— SI ¥ standard DNA&=
I SRt#A] 7o A&

A7 1%54

& EALEA

H7IMEBS MBIATHE 4)

(_XI—)O_I—EI 1_]_0 “:'Fo

4 2 nRANES F5to] L3t primer?t 7]E Ahn 5(2014) ¥ 5971 -&3IT primere] &7]
Mg bl
) Primer sequences (5'-3")

No 51 Primer 70 primer Ahn et al (2014) TAVEA g G

Total no. markers 18 22 24

1 <01 Forward agatctccggtgggtggcagag agatctccggtgggtggcagag ataagttccgcgggctattt
Reverse ccacttttccatattcctgggateg ccacttttccatattcctgggateg gcagcagccaatctgacata

9 <02 Forward gaacagaggattcaactacgga cggcttcttcagaaccaattcecgt cagaaccaattcccgttggt
Reverse tcgtcgtaacactgcectact tcgcactgtgagtccaatgg gcagcagccaatctgacata

3 04 Forward tacagacaacggagaggaga tacagacaacggagaggaga ctggaaattttacccatgggtc
Reverse aactgaagccatcccggtga aactgaagccatcccggtga gctectttgtatttcataacttcca

4 05 Forward tcttacaccttgtcgatcttge ggcaacaatcttgtcttgctaggt ctcaaccgggattttcgegt
Reverse acgcgaaaatcccggttgagg acgcgaaaatcccggttgagg cagaacaggttccatgccga

5 06 Forward ctgtttcgttcagcecttttcg cttcagaaccacctcaagttct
Reverse acataggttcgctcggacac attgattccagggtcgtcca

6 07 Forward tcttgcagagaacagaccaacca  tcttgcagagaacagaccaacca acaaagcgatattgtcttaaccc
Reverse cctggcecatttaggctgagga cctggccatttaggctgagga ccatgcctgaatctatgattcag

7 <08 Forward cacaatgaacgtggttggaac cacaatgaacgtggttggaac tcataaccttttaattcgctactca
Reverse  caggattgatcgtcgtcacactgtc caggattgatcgtcgtcacactgte ttgtatgcatttaatgacttgtgg

3 <09 Forward tctttggaagggacacgagt tctttggaagggacacgagt atctttggaagggacacgagtg
Reverse ggattcattgtcttcgcaatgcect tttttgcgaggeggtaaact cgaaagcagatcgaatattattcg

9 <10 Forward cctacgacaattcttacacctgce cttcactcccgaatctagttcteg
Reverse tgcatagcccaccgctcette gtgcgceegcetttgea

10 sll Forward tgtcctccaaggtcattcca tgtcctccaaggtcattcca cttcagaaccacctcaaattct
Reverse gaccagaacacgttccacacca gaccagaacacgttccacacca atagaactcaggaagtcttcggtt

U sl2 Forward tcttgtectecttggecact tcttgtectecttggecact cttcagaaccacctcaagttct
Reverse acgttccaatccactgttgacgga  catggaccgctccgatgcte gttgacggattcaacgtcag

2 <13 Forward
Reverse

13 <15 Forward  gaggtgacattaattgctaggcettc  ctttgaatagctcgaaggtctataga  ctttgaatagctcgaaggtctataga
Reverse ggctgaggaatctctgetgcette ccaaaccacagacgacattg ccaaaccacagacgacattg

U sl6 Forward  gcattgacccagatgagaagattc — gcattgacccagatgagaagattc gcattgacccagatgagaagattc
Reverse gttccgatcggagtatctgtge gttccgatcggagtatctgtge gttccgatcggagtatetgtge

15 s17 Forward
Reverse

16 <18 Forward  cgcaatgaatgggatcttctccga  cgcaatgaatggatcttcteccga caaagagaacccataactctacaa
Reverse aggattcatcgtcatccaactgect  aggattcatcgcatccaactgect gacaatgaatctatgatgactgga
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17 <20 Forward catcaagactcccggtttagg ctcgagtaggcaatccaacg tatgtaagtttaagaaccaataatatgcta
Reverse tcgttggattgcectactcga ggtgtactcgttcatcgtccagga atcgtccaggattcatcgtegttggattgec
18 w1 Forward ggcaacaatcttgtcctgattg ggcaacaatcttgtcctgattg ggcaacaatcttgtcctgattg
Reverse  aacacgttgattcaaaaactgattta aacacgttgattcaaaaactgattta  aacacgttgattcaaaaactgattta
19 <2 Forward  ggctgtgattgattcgtaggaga  ggctgtgattgattcgtaggaga atagaatagttgaatattgatgggaa
Reverse cgagaataccccatccagtgce cgagaataccccatccagtge gtcatgagttttttagagttatgggt
50 <23 Forward ttcggttagagcctcatcca cttggttgttgtattgaggcagatg catcagtatcatcgttttaaccca
Reverse  ctcctacaaattgatcacageccaga ctcctacaaattgatcacagccaga caggattcattgtcatcacacttc
91 4 Forward atttcaccctgccctatcga taggaatatggtataagaaagtccecggaa
Reverse tggagtagatgctttggttgg tcaacacgttgattcaaaaactgatttgtaa
99 5 Forward
Reverse
93 <26 Forward attcgaagggggttgccaga attcgaagggggttgccaga ttccttacgtcatggaaaagtaca
Reverse actcgattcegttccacggtce actcgattccgttccacggtce tggtaaaccccagaacatgct
on <7 Forward tcttgattctacatcgecectg ctattggtttcttcactaccggat
Reverse ttgatgtcggggtcgtecate gcagctgccaatctgacata
o5 98 Forward
Reverse
% 29 Forward gcctggattattttctettcggttaggcte
Reverse gacatcgttggtctgtgctcegceacttte
97 &30 Forward tgtaggtaaaacccgaaggtc aatggatgggatattctcgg
Reverse cttccgatgcaacaacctgg gttaatggcagtgatggcaa
93 s3] Forward gaggattcaacaacttggacaacg tcaaaataccaccagcatcagt
Reverse tccagttaacccatgectgt tgttttgaacaatttagcatatcg
o 3 Forward
Reverse
30 <33 Forward
Reverse
T 40 BAIEA] A7|MY HHES o83t metolo] A 217t WIS W 85 U Eof
AL H|n-BASIYTHE 5). I Ay}, sl, s2, s4, s6, s7, s8, 89, s10, sll, sl12, sl15, sl6,
s17, s18, s20, s22, s23, 26, s29 S & 19709] SI AR BAIEA|S /| T 7]E BALEA|
£ MAdstde. 71E AESATolA Jidet EAMRA] F 27H(s16, s29), < 5(2014)0] Hmet
BALHEA] & 87H(sl, s4, s7, 88, sll, s18, s22, s26)5 annealing temperature 52 x2745}9

sieo] e 9l Sl EAdS debstdtt. ®5t 7]E0 wWaH Sl FAM®EA] § multiple bandsE
HolAY SI |ARYEY E7do] ta HojXl= 8719 FALRAIE ZHASH] $ste] s2, s9,
s12. s15, $20. $23 = 67]0] Al BALEA|S Zarslolch(E 5 T 5).

H S5 F Z2NES Folo J|d T /EE EAIEAY FUIAE JE 2 &4
Primer sequences (5°-3) ™
No. SI Genes (C) Sources
Forward Reverse
1 s01 SLG AGATCTCCGGTGGGTGGCAGAG CCACTTTTCCATATTCCTGGGATCG 62 Algoi)al.
2 502 SRK  GAACAGAGGATTCAACTACGGA TOGTOGTAACACTGCCTACT 58 Iglufgés
3 s04 SLG TACAGACAACGGAGAGGAGA AACTGAAGCCATCCCGGTGA 58  Ahn et al



(2014)
Kim et al.

4 s06 SLG  CTTCAGAACCACCTCAAGTTCT ATTGATTCCAGGGTCGTCCA 45 Kimet
5 07 SRK  TCTTGCAGAGAACAGACCAACCA CCTGGOCATTTAGGCTGAGGA 5g AR et Al
6 08 SRK  CACAATGAACGTGGTTGGAAC — CAGGATTGATCGTCGICACACTGIC — 60 AARf et al
7 s09 SRK  TCTTTGGAAGGGACACGAGT GGATTCATTGICTTCGCAATGCCT 46 Igmtcl{iys
8§ 10 SRK  TCAAAATACCACCAGCATCAGT — TGTTTTGAACAATTTAGCATATCG 45  1iff et al
9 sl SLG  TGICCTCCAAGGTCATTCCA GACCAGAACACGTTCCACACCA N
10 s12 SLG  TCTTGTCCTCCTTGGCCACT ACGTTCCAATCCACTGTTGACGGA 58 11 fhis
11 s15 SRK  GAGGIGACATTAATTGCTAGGCTTC — GGCTGAGGAATCTCTGCTGCTTC 63 ' s
12 s16 SRK GCATTGACCCAGATGAGAAGATTC — GTTCCGATCGGAGTATCTGTGC 6o Tam et al
13 s17 SLG  CTTCACTCCCGAATCTAGTTCTCG GTGCGOCGCTTTGCA 45 Kim et al
14 sI8 SRK CGCAATGAATGGGATCTTCTCCGA — AGGATTCATOGTCATCCAACTGCCT 60 Ap ot al
15 s20 SRK  CATCAAGACTCCCGGTTTAGG TCGTTGGATTGCCTACTCGA 63 Il
16 22 SRK  GGCTGTGATTGATTCGTAGGAGA CGAGAATACCCCATCCAGTGC 5 Mmoot
17 23 SRK  TICGGTTAGAGOCTCATCCA  CTCCTACAAATTGATCACAGCCAGA 58 M Us
18 26 SLG  ATTCGAAGGGGGTTGCCAGA ACTCGATTCOGTTCCACGGTC 6o  ARn et Al
19 s29 SLG  GCTGGATTATTTICICTTOGGITAGICIC  GACATCGTTGGICTGIGCTCOGCACTTTC 63 ifp ot al

oF 5(2014)1} sh71eA &TolA B0t ZALRAIE S HIRR ()52 3ets standard

DNAQ}F o] o &= RAAIg oA SE7HEiEe] S HAglol) Wido] HoL o] & s6,

s10, s27, s29, s30, s31& 287} 7KL 9= standard DNA N EojA] &3] X] Qory

s13, s25, s28, s32, s339] 742, ofXIX] BALEXR|Q] 7fjdto] B 1= Ao] Q) ol (F)=H

Sk standard DNAQF NCBIof 5=

=9 954 AY 2 Atolst 982 o)
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1 1

a2 5. Al J§Est s12 BEXTEAIE 71&E EXFREA|QES] vl of. M: 100bp DNA ladder, P1:Al#
ML s12 WAPEA], P2 Qb 5(2014) Ev wG7IEAESHAT 7] 4L ®ALEA, N: negative
control, 1-33: SI standard DNA

3t 7]E9 SCAR ®AMEA|= §F ¥9] PCRZ gt 7HA|Q] SIgh Ho| 7}56ko] FAGTLA}
st A7FEete QIRIE S »0hE PCRE a8slof 3ith. APbEetet IRy A9 a84d2 =
o]7] ¥sto] 20161 d0ll= SLGe SRKQ| A7|M S ©]-&35to] At primers T2 5
of g ¥19] PCR& of2] 7§ QXY #Alo] 7158t primer £¢S A5
o] PCRZ s3, s5, s21, s24¥9] SIo] wo] 7153t multiplex 2AIEA]S 7fgtsto] E5 59
stetH Y 6, YW S 10-2016-0078507).

J
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J= 6. S3, 5, 21, 24 SAXFEL stHO PCR=2E fdEHo] 753t E5 &Y multiplex Z2to]H. M:
100bp DNA ladder, 1-26: SI standard DNA

2. Standard DNA set2 o0]83F AX7}2313F SAAEYE SLG, SRK S$AA Z2z4 9
sequencing
(&) =HOst=0o2HYE JoFFS gtandard DNAQ}F NCBI sequencesS 7|gto =2 A|&AE
primer {F°] source’} @2} Zol2} &= A2t FAATY sequence JEIFO] Rpol7f Qlolo
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| dosmbsating or Description Max | Total | Queny | ooy figant | - Accession
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orivoooan 1y |[Passica cleeaces rRNA toe S-docut speciic glycoprotein i sl N A] eivocaa
[1E5atect 1
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72 7. standard DNAQ] A}7 a3t 9 XA (s16)y NCBI BLAST ZikKs7) ¢ AR =

A AHERE 99 SAAR)
setQ2BE F2sto] WY IO

SLG2t SRKE ZF Ap7t=E3stst SAAEH 2 standard DNA
2 BESIH, QA] o]F sequencingsty] FJHE o]&F

A o2 A7 Qo] Q1S Al 7]wolMstoe] St= Ro] APFESERT Ao =go] & A
o2 mote|ich mebA 201498 E 29709 APHESke AR tisto] SLG class [t 1
SHAF @ SRK AR 299l 229 (0" 8)1 sequencingd AlAFsHICE.



S e e e S— - -
DONA 10ng/w 2008
SLG class I Forward 1.64€
SIG class I Reverse 1.6uf
W o927 33 ™ 7 1236 9 18 2223 2530 32 "33 - s - Distilled water 12.8u€

Total Volume — 200 pf

58°C 56°C | 54°C ‘ ‘ 525 ‘

= 8. SLG class [T} [19] 224 1A
ot 5(2014) HA7|=AEAIHOIA sINSE EAIEAls F ()R EeHsel standard

DNA M EofA g E]K] oro BRIHA]E(s6, s10, s27, s29, s30, s31)& NCBIQ] SI |74
A% Al 29U standard DNAQ} th27] mfjF9l 7oz ﬁJrE}E]D% o]5o] HR|7IR] LA
NMEL SI §HAEAX] @3] numbering?] ZA|QIA|= 25 At ¢ WQE 7oz
= 7]1——] s6, s10, s27, s29, s30, s31 SAAY BAIRA|S &H5H7] Q5to], AAHER
ABIAPREE 9 6719 SRl tigt DNAS tHsto] o]g o] &g BAIEA] 7iEE 4l
ATt ()55 59] standard DNA ME F s6, s10, s27, s29, s30, s31x} ofA7t
AtE A9 7ol B uE Ao] Qe BEALEA] s13, sl17, s25, s28, s32, s33 & 127H oA
| theh BXIEA] 7ReES Yste] Al B985k 9l 30719 SI standard DNA(EH35hs)S
Fod SLG class 13} class 1, SRKE 223 8t & @7|AEs At A= 96l
primer 2 ® 51 gt} @7IME 2AZ ol 42 B+ F714<LE dol= SLG class

[9] 742, 1109.4bp, SLG class II 785.6bp, SRK+= 1077.1bp¥THIE 6).
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ol

e

I 6. SLG ¥ SRK |4AAY 229 % A7IME A5 99t primer sequence ¥ 7} {AANE A A

A H

sequence length(bp)

Genes Primer (Forward) Primer (Reverse)

range average

SLG (class I) ggtatctcgggatatggtacaaga gcagcagcecaatcetgacata 1093-1123 1109.4
tccacgtgaatcgattgagt

SLG (class II) atcctgeectttegatetatgt ; &8 gareas’s 779-797 785.6

catcgataactgagca
SRK gttgcattgacgcagatgag fg & gagcass 1050-1135 1077.1




22498 2sto] zZH2to] standard DNAES 3%9] PrimerzZ ZZ35t & ZZAIES 0.8%
Agarose gelof 80vollA] 18087t A7|F =3t &, Ydt= size? insertS Argt Gel Fragments
Extraction kit (Real biotech, Bangiao City, Taiwan)2 ©]835}o] Extractionst$ith. Insert
DNAE TOPO vectoro] “@of ligationgt &, Competent cello] ligated vectorE ‘21l Heat
shock(42°C for 30sec, 2min in ice) & 400p1029] SOC mediaS 7A7}stod 37°C Shaking
incubatorof| 4] 1A]7t vijeFstod Transformationst$itt. o|= 1A LB Agar LOP + 50pg/ml
Ampicillin + 60pg/mQ X-gal ©f incubation A]Z1 BijA]S 2000 E%35}o] Spreadingstil
Spreading®! LB platex= 37°Cincubatoro|A 12 - 16A|7} overnightA]ZTh E7|A4E B4
2Jsto], transformation® 2 A= colony & 2t SAX} o white colony 37§12 selection
st o pickingsto] x| LB Agar LOP + 50pg/m Ampicillino] £9{9l= centrifuge tubeoj|
g3 37°C shaking incubatoroA 12 - 16A|Z}F overnight A]Z1 & BjY= #& Alkaline
solution I, Alkaline solution II, Alkaline solution IS ©0]&5}t9, Plasmid prepst$ict.
Plasmid Prep DNAES 77} purificationst &, 7t7to] S X X}E Hlo] @ YolDaejeon, Korea)d|
sequencingS 9]2|5t3 1 7t Plasmid prep DNAW HtgFo 2 212 = 7[9] sequence data
X  Bioedit =2 7288 0]835}o] contig assemblyS ot 1  datasES EcoR1
sequence(GAATTC) EE o2 A o] alignmentA]7]1l insert sequence dataS A9QcCt.

AA 30709 SI SAAY %, SLG class 12 19709 SAAI&A, SLG class 1= 2671,
SRK& 20719] SI RAIALG oA SZEATHRE 7).

A
A

# 7. SLG % SRK fAAY 224 * F7IME
_NE

tjo

3t primer sequence ¥ ZF §AAIE AMIE

M

SI types SLG class I SLG class 1I SRK

Total no. amplified
19 26 20

sequences
sl
s2
s4
sH

s6

s7

s8

s9 0
s10

sll

s12
s13

s15

sl6
s17

O O O O O 0o OO0 o 0 o o o o o©

s18
s20
s21
s22 )



s23 0

s24
s25 0
s26 0
s27 o} 0
s28 o} o)
s29 0
s30 o}
s31 0
s32 o) 0
s33 0 0

A7 Q7IAE B (R)ERETEY 30719 SI standard DNA  @7]AF=  NCBIC
nucleotide  BLAST(https://blast. ncbi.nlm.nih.gov/Blast.cgi)S ©]83}9] suquence
homologyE H|wst &, AM Zi} & query cover 98% o]l fAIAL & Identity?t 7MY =
o gHAE gz HASIACHE 8).

I 8. (&)=E"st: standard DNAES o]&3st NCBI nucleotide BLAST ZAAH Ayt
No SI The results of nucleotide BLAST in NCBI using Dongbu standard DNA
0
Genes Description QC 1ID
SLG Class T retens stivs naoye $1 1o giverproten (SL6) g, eonmyicte CDs 9995 9995
1 sO01 SLG Class II - - -
SRK Raphanus sativus  haplotype S1 S-locus receptor kinase (SRK) gene, partial cds 98% 99%
S]_G ClaSS T R stives replotype 52 S-locus iveoprotein (SLG) gene, conpiete ods 99% 99%
Raphanus sativus lotype S26 S-locus glycoprotein gene, partial 98
2 s02 SLG Class II hap Eyeopn & 91%
cds %
SRK Raphanus sativus  haplotype S2 S-locus receptor kinase (SRK) gene, partial cds 98% 99%
SLG (Class 1 - _ _
Raphanus sativus  haplotype 4 S-locus glycoprotein (SL(G) gene, 983
3 s04 SLG Class II ) 99%
partial cds %
SRK - - -
SLG Class 1 - - -
aphanus sativus  haplotype S5 S-locus glycoprotein (SLG) gene, 98
4 s05 SLG Class I de. P ELVEO & 999
partial cds %
SRK - - -
S]_G Class T R satives meplotype S27 Socus giveoroten gene, conpete cds 99% 9095
Raphanus sativus lotype S26 S-locus glycoprotein gene, partial 98
5 s06 SLG Class IT hap el EENG 91%
cds %
SRK Raphanus sativus  haplotype S9 S-locus receptor kinase (SRK) gene, partial cds 98% 99%
Rephans sativus heplotype S7 S-locus gycoprotein (SLG) gene, conpete ods 9995 9994
SLG Class I . . . 99
6 s07 Raphanus sativus SLG(S4) gene for S glycoprotein, partial cds . 99%
(o]

SLG Class I Raphanus sativus  haplotype S26 S-locus glycoprotein gene, partial 98 91%




cds %

SRK Raphanus sativus  haplotype S7 S-locus receptor kinase (SRK) gene, partial cds 98% 99%
SLG Class 1 - - -
Raphanus sativus lotype S26 S-locus glycoprotein gene, partial 98
7 s08 SLG (Class IT hap Eyeopn g 91%
cds %
SRK Raphanus sativus  haplotype S8 S-locus receptor kinase (SRK) gene, partial cds 98% 99%
S]_G Class T R satives meplotype S27 Socus glveorotein gene, conpiete cds 99% 90945
Raphanus sativus lotype S26 S-locus glycoprotein gene, partial 98
8 s09 SLG Class IT bap glycopro EENG 91%
cds %
SRK Raphanus sativus  haplotype S9 S-locus receptor kinase (SRK) gene, partial cds 98% 99%
SLG (Class 1 - _ _
Raphanus sativus SRK9 mRNA for S-locus receptor kinase-9, 99
9 10 SLG Class I ] 92%
partial cds %
SRK - - -
Raphanus sativus  haplotype S11 S-locus glycoprotein gene, complete cds 99% 99%
SLG Class I Raphanus sativus S receptor protein kinase (SRK-a) mRNA, 98 000,
(0]
0 <11 conplete cds %
S
hanus sativus lotype S26 S-locus glycoprotein gene, partial 98
SLG (Class I Rap hap ely £N6 91%
cds %
SRK Raphanus sativus  haplotype S11 S-locus receptor kinase gene, partial cds 98% 99%
SLG Class I Raphanus sativus haplotype S12 S-locus glycoprotein gene, conplete cds 99% 99%
hanus sativus lotype S26 S-locus glycoprotein gene, partial 98
11 s12 SLG Class I Rap hap ely EENG 91%
cds %
SRK Raphanus sativus  haplotype S7 S-locus receptor kinase (SRK) gene, partial cds 98% 90%
SLG (Class 1 - _ _
hanus sativus otype $4 S-locus glycoprotein (SLG) gene, 99
12 s13 SLG Class I Rap bapl glycopr g 962
partial cds %
SRK - - -
Sm ClaSS T Rophons saives SRE21 mRNA for S-locus receptor Kinase-21, partial cds 98% 99%
Raphanus sativus lotype S26 S-locus glycoprotein gene, partial 98
13 s15 SLG Class I hap Eyeopn g 91%
cds %
SRK Raphanus sativus  haplotype S15 S-locus receptor kinase gene, partial cds 99% 99%
Raphanus sativus S locus protein 5 gene, partial cds 96% 99%
SLG Class 1 . . . 99
Raphanus sativus SLG(S7) gene for S glycoprotein, partial cds o 99%
(0]
hanus sativus lotype S26 S-locus glycoprotein gene, partial 98
14 s16 SLG Class I Rep hap ely £N6 91%
cds 9%
Raphanus sativus  haplotype S16 S-locus receptor kinase gene, 98 690,
SRK partial cds %
Raphanus sativus haplotype S18 S-locus receptor kinase gene, partial cds 98% 99%




SLG Class I

15 s17 SLG Class I Raphanus sativus  SRK9 mRNA for S-locus receptor kinase-9, partial cds 98% 92%
SRK - - -
Repherus sativuss heglotype SI8 S-ocus givcoprotein gere, cormplete cds 9995 9995
SLG Class I Raphanus sativus SRK6 mBRNA for S-locus receptor kinase6, 98 69%%
partial cds %
16 <18 SLG Class I Raphanus sativus  haplotype S26 S-locus glycoprotein gene, partial 98 o100
cds %
Raphanus sativus  haplotype S18 S-locus receptor kinase gene, 98 -
SRK  partial cds %6
Raphanus sativus haplotype S2 S-locus receptor kinase (SRK) gene, partial cds 98% 99%
TR T T ———— 99% 88%
17 20 SLG Class I - - -
SRK Raphanus sativus  haplotype S20 S-locus receptor kinase gene, partial cds 99% 99%
SLG Class 1 - _ _
18 21 SLG Class ' Raphanus sativus  haplotype S21 S-locus glycoprotein gene, partial cds 98% 99%
SRK - - -
P N T ——————— 99% 88%
SLG Class T Raphanus sativus SLG(S1) gene for S glycoprotein, partial cds 2/3 89%
19 <22 B B -
SLC Class T Raphanus sativus  haplotype S26 S-locus glycoprotein gene, partial 98 o100
cds %
SRK Raphanus sativus  haplotype S22 S-locus receptor kinase gene, partial cds 98% 99%
SLG Class I Raphanus sativus SLG(SH) gene for S glycoprotein, partial cds 99% 90%
20 03 SLG Class I Raphanus sativus  haplotype S26 S-locus glycoprotein gene, partial 98 o100
cds %
SRK Raphanus sativus  haplotype S23 S-locus receptor kinase gene, partial cds 99% 99%
SLG Class 1 - - -
. . . 93
21 s24 SLG Class I Raphanus sativus  SRK9 mRNA for S-locus receptor kinase—9, partial cds o 93%
SRK - - -
SLG Class T st s s syarmn 16 gow, amvice ot 99% 95%
22 s25 SLG Class I - - -
SRK Raphanus sativus  haplotype S30 S-locus receptor kinase gene, partial cds 9R% 883%
SLG Class 1 - _ _
Raphanus sativus  haplotype 4 S-locus glycoprotein (SLG) gene, 98 i
23 s26 SLG Class I partial cds - - - %
Raphanus sativus haplotype S22 S-locus glycoprotein gene, partial 98 690,
cds %
SRK - - -
24 s27 SLG Clags T et siive iovpe s s gheomtn 6169 o e s 99% 90%




Raphanus sativus  haplotype SI1  S-locus  glycoprotein - gene, 99

89%
complete cds %
SLC Class T Raphanus sativus  haplotype S26 S-locus glycoprotein gene, partial 98 o10%
cds %
SRK Raphanus sativus  haplotype S18 S-locus receptor kinase gene, partial cds 98% 91%
SLG Class T st s tviovve $7 5t oo o comice s 99% 99%
55 98 SLC Class I Raphanus sativus  haplotype S26 S-locus glycoprotein gene, partial 98 o100
cds %
SRK Raphanus sativus  haplotype S27 S-locus receptor Kinase gene, partial cds 98% 99%
SLG Class 1 - - -
Raphanus sativus  SRK9 mRNA for S-locus receptor kinase-9, partial cds 98% 99%
2% s29 SLG Class I Raphanus sativus haplotype S21 S-locus glycoprotein gene, partial 98 690%
cds %
SRK - - -
P —————— 99% 87%
SLG Class I Raphanus sativus haplotype S10 S-locus glycoprotein (SLG) gene, 99 -
27 s30 complete cds %
SLG Class I - - -
SRK Raphanus sativus  haplotype S29 S-locus receptor kinase gene, partial cds 98% 98%
SLG Class 1 - _ _
28 31 SLG Clas I Raphanus sativus  haplotype S26 S-locus glycoprotein gene, partial 98 010
cds %
SRK Raphanus sativus  haplotype S1 S-locus receptor kinase (SRK) gene, partial cds 98% 91%
Reaberus st S ocus ghvcprtein gne, conpete cds 099 99%
SLG Class I Raphanus sativus haplotype S10 S-locus glycoprotein (S gene, 99 w70
29 s32 complete cds i
LG Class I Raphanus sativus  haplotype S26 S-locus glycoprotein gene, partial 98 o100
cds %
SRK Raphanus sativus  haplotype S29 S-locus receptor kinase gene, partial cds 98% 99%
SLG Class T ranes stivs raptoiype s27 5 tocus gycoprotin gene, complte cas 999% 9095
30 s33 SLG Class II Rephanus sativus — hapiotype S0 S-locus glycoproten gene, partial - 98 91%
cds %
SRK - - -
« BeNOE EAT A oTe e £ A7 ST primer A2 JNST eN ol8 T SRR
ol2q

g oA @ Al Aj9) 22UE #stel dr7INES BAG A s7 SLG class 1, s11 SLG
class I, s16 SLG class [ & SRK, s18 SLG class I & SRK, s22 SLG class I, s26 SLG
class II, s27 SLG class I, s29 SLG class II, s30 SLG class I ¥ s32 SLG class I & £ 12
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sequence Identity7} 90% W]z il partial sequence’t ©op #Q SI SHAAXEY
paralogous S-AAIE2 FAETH SLG class II primerd]] Q8 =% H7\ME &5 Raphanus

sativus SRK9 mRNA for S-locus receptor kinase-9, partial cds®t Raphanus sativus

LSS l.—_%l:l

haplotype S26 S-locus glycoprotein gene, partial cds S & 7HX] S§AX}gjo] 7HAt
L2 ZAEQItt standard DNAS] H7|A At vl Ax}, s213} s29, s61f s981e] F7]AFO|
ZUotA UEPFOon o]= s213f s29 72]1 s63t s9 standard DNA ®= SI SAX}go| e
Roz mysoL,
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Ar AAAEAS 9stol, ALEREA 508 U AAER 658 5 & 115719] S AR o
guol B A7 s Y 18700 BALEAIS ol&slel WA T Ame EwstyrHRlaT
-1201, 1”RjAx1}-1202, 2015. 5. 12.). 2016¥o|= tjUutole £HO] B &4 AL 208 (RiAx}
-1715, 2016.7.5.), YL £8° & S Al 100”A(RiAx-1714, 2016.7.5.), AYEZH =AF
508 (RRA-1724, 2016.7.5.), A58 AS 1008 (RHA-1723, 2016.7.5.) 5 & 270719
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&
£V .
=
g0 -
E *
= k
£ 10 - =71.0362x - 14411
R? = 0.3016
0 ] . . 1
0.0 2.0 10.0 150 20.0
No. seeds per pod (ea)
a5 17, 9] dojet /7 At 9] A 24
20143 o] F7t2 <tdst B XA 2 §35AMYE 914 2014 84 29%H 114 6Y
TEA] JheRfuiRrE o] Fotel mAb AfRstACn SAANY 1 @ 20U mESIL augmented
designg o|&3to] MATLES wjxIStACE ABAS 2 5 2E, 2F, 24, 2E, A, 9
2, 9%, vlEo] 59| 2R3 HUA PAL AASIACHE 9).
B 9. 20149 7FS AU} SAAIY =AA A xAF
oy £3 o3 27 i HE W FE e
(8) (8) (cm) AHmn) 2 (m) 5H(mm) (cm (ea) (Brix) ==
SG-01 1307+ 260 822+ 208 18.7+ 1.5 51+10.1 1034165 59+20.1 68.0+16.1 16.7+ 1.2 7.2+2.2 8.3+0.6
SG-02 1855+ 806 1170+ 815 22.0+ 6.6 79142 110£17.2 46+ 2.9 67.0+ 8.5 20.3+ 57 6.740.6 8.7%0.6
SG-03 2005+1033 1315+ 850 15.0+ 53 87+ 3.5 128+14.0 70+11.4 56.7+ 7.5 21.7+ 2.9 6.9+0.4 6.0+2.6
SG-04 2205+ 246 1497+ 160 18.3+ 3.8 89+22.9 124% 7.0 52+ 6.2 73.7+ 3.8 19.3+ 9.0 5403 5.7+3.1
SG-05 1762+ 700 958+ 203 15.0+ 5.0 1124157 150411.5 42+ 2.6 66.0+10.1 25.3+14.7 5.6+0.2 8.7+0.6
SG-06 1512+ 440 950+ 434 27.3+ 4.9 76:13.7 94%23.8 41+ 9.6 58.7+ 6.7 21.3+ 4.0 6.14+0.7 7.7%1.2
SG-07 2705+ 543 1560+ 601 12.3+ 3.2 118+13.3 167+18.4 67+46.9 77.0+ 56 27.0£11.5 5215 80+1.0
SG-08 2355+ 738 1170+ 286 16.0+ 2.0 134%26.2 154112 48+ 6.0 69.7+ 2.1 21.7+ 3.2 58405 7.7+2.3
SG-09 2427+ 116 1420+ 160 15.0+ 1.0 92+ 6.4 106457.1 63+12.3 88.0+12.3 16.0+ 6.0 6.2+0.7 8.0+0.0
SG-10 2160+1097 1680+ 350 17.3+ 55 104+24.8 164+27.5 63+38.7 68.0+ 7.0 22.7+ 4.2 53405 9.0%0.0
SG-11 1455+1075 800+ 622 8.5+ 0.7 101+31.1 128446.0 64453 63.0+ 7.1 255+ 0.7 7.1+0.5 8.0+0.0
SG-12 2133+ 655 1573+ 470 23.3t 8.0 86%12.7 132+30.6 50+10.8 66.3+ 4.2 21.0+ 56 5440.6 8.0%l.7
SG-13 1782+ 589 1285+ 609 16.3+ 2.1 108+29.3 130429.3 49+ 6.4 62.3+ 4.0 187+ 2.1 5916 7.742.3
SG-14 1578+ 780 720+ 416 18.3+ 6.0 63+ 9.1 91+11.1 564352 51.3+14.6 17.7+ 9.9 5.840.6 7.7¢1.2
SG-15 1380+ 114 823+ 205 14.7+ 50 69+ 4.5 101+ 9.7 54+28.9 70.7+13.1 22.0+ 52 5.7+0.6 6.3+2.3
SG-16 1553+ 371 752+ 123 17.0+ 2.0 92+ 6.1 101122 41+ 2.6 63.7+ 51 17.0+ 44 56409 8.0%1.7
SG-17 2978+1588  1957+1180 22.7+ 4.7 107+17.8 126420.7 41+12.1 653 8.1 22.7+ 9.9 6.1+0.2 7.3%1.2



SG-18
SG-19
SG-20
SG-21
SG-22
SG-23
SG-24
SG-25
SG-26
SG-27
SG-28
SG-29
SG-30
SG-31
SG-32
SG-33
SG-34
SG-35
SG-36
SG-37
SG-38
SG-39
SG-40
SG-41
SG-43
SG-44
SG-46
SG-47
SG-48
SG-49
SG-50
SG-51
SG-52
SG-53
SG-54
SG-55
SG-56
SG-57
SG-58
SG-59
SG-60

SG-61
SG-62

2478+
2172+

2745+
3595+
1092+
2940+
1097+

255
143

898
416
179

59
234

3010£1033

2053+
1537+
1173+
2298+
2093+
2055+
2652+
3050+
2187+
2770+
1678+

519
381
506
722
565
136
437
701
267
759

60

3032+1034

2428+
2745+
1777+

852+
1208+
2608+

480
695
360
261
600
440

2393+1373

2417+
4058+
2787+
1860+
2212+
1375+

898+
1445+
1218+

347
701
600

75
670
562
438
278
790

3878+1446

2167+
3038+
1620+
1623+

1758+
1937+

321
202
0.0
245

89
273

1887+
1822+

2153+
2817+
815+
2507+
890+
1858+
885+
1058+
647+
1557+
1480+
927+
1613+
1625+
1417+
1283+
957+
1232+
1397+
1935+
1250+
638+
928+
1467+
1178+
1290+
2568+
1628+
1042+
1332+
897+
735+
798+
872+
1908+
1637+
1858+
1165+
998+

1485+
1370+

148
110

739
270
117
233
163
861
254
255
118
291
489
298
276
580
244
183
149
442
292
411
293
160
509
343
745
358
919
488
215
532
284
332
160
592
555
410
421
0.0
282

23
88

26.0+ 1.0
28.3+ 2.1

24.0+ 0.0
26.7+ 3.8
18.0+ 0.0
38.0+ 3.0
16.0£ 0.0
29.7+12.9
22.0+ 7.8
10.0+£ 1.0
10.3+ 1.5
217+ 4.2
14.0+ 3.5
24.0+ 1.7
26.7+ 7.2
15.0+ 4.6
15.3+ 1.5
22.7+ 6.1
13.7+ 0.6
23.7+ 2.1
30.0+ 2.6
35.0+ 2.0
51.0+ 4.0
9.3+ 2.1
10.7+ 5.5
273+ 2.1
26.7+ 3.2
38.7+10.8
42.3+ 6.0
20.0+ 1.7
29.0+ 6.6
457+ 7.6
32.7+ 5.8
31.0+ 7.2
31.7+ 5.9
32.0+ 7.2
46.0+ 1.4
46.0+ 7.0
475+ 9.2
36.0+ 0.0
32.0+ 3.5

45.0+ 7.2
38.0+ 4.6

86+ 2.6
62+ 5.3

77+12.0
57+ 9.2
53+ 9.5
47+13.5
55+ 1.0
90+25.7
108+21.0
112+21.4
75+ 2.1
83+23.2
88+ 6.9
94+26.5
85+10.8
125+ 8.0
127+ 1.7
86+37.9
123+10.0
108+14.2
93+24.6
63+ 6.4
55+ 3.0
98+13.6
98+28.2
66+ 9.1
74+17.9
57+ 0.6
82+ 8.5
64+ 9.6
62+12.7
54+ 4.7
52+ 9.5
40+ 4.7
48+10.8
56+ 9.7
77+ 8.5
53+ 3.6
78+12.7
57+ 0.0
72+12.9

50+ 8.6
71+16.2

118+19.1
108+ 3.2

120£20.5
143+13.3
82+ 7.8
109+ 2.5
152+ 4.6
133+30.3
109+£13.5
153£12.1
102£12.7
136+ 2.0
135£12.4
90£29.1
104+ 9.5
149+20.0
140+£11.0
110£12.7
135£10.4
102+ 9.5
94+16.5
92£12.1
61+ 6.0
118+ 3.1
149+34.6
94+10.4
95£31.8
81+ 5.7
100+£16.3
127+27.4
75+ 3.6
66+ 7.9
69+18.0
71+13.2
64+13.5
67+13.9
82+ 5.7
82+18.1
110£14.8
81+ 0.0
72£18.0

82£30.8
71+ 9.0

43+

2.0

53+13.5

47+
46+

7.8
0.6

86+25.8

47+13.6

99+

2.9

57+11.5

47+22.6

46+18.2

41+
46+

7.1
3.2

58+19.6

38+10.1

44+

9.1

55+11.6

1.2
8.4

55+17.2

59+24.6

91+

+ 8.5
+ 4.9
+ 4.7

3.5

67+31.9

37+
32+

4.7
9.2

30+11.7

31+
45+

1.2
1.5

39+12.1

30+

3.2

29+16.7

6.2
7.6

+ 8.1
+ 7.1

36+11.1

+ 0.0
+ 0.0
+ 55

5.6

+ 6.7

53.7+ 6.1
52.7+¢ 3.1

47.5+ 0.7
59.7+ 5.5
51.3+ 3.8
473+ 5.8
44.0+ 1.7
66.7+ 4.2
71.7+ 9.7
60.0+ 3.5
54.3+ 3.1
67.7+ 6.4
65.3+ 5.5
71.3+13.6
79.3x 7.4
74.7+ 6.7
70.3+ 6.4
73.0% 3.6
71.0+£10.4
81.0% 3.5
81.7+ 7.5
64.3+ 7.6
50.3+ 5.7
39.0x 7.2
40.0« 4.0
77.0% 6.0
73.3+ 4.0
61.7+ 9.0
68.7+ 7.8
69.0+ 2.0
71.0% 4.6
61.0+ 2.6
49.3£16.7
43.0%£ 7.0
547+ 4.2
51.3% 4.7
56.5+ 4.9
49.0£13.1
60.5+13.4
59.0+ 0.0
58.0+ 1.0

38.7+ 6.7
49.3% 6.7

33.7+
28.7+

25.5%
28.0%
19.0%
27.0%
22.3+

8.3
0.6

2.1

10.1

2.6
7.9
1.5

31.0£11.1

13.0%
18.7+
21.0%
247+
19.7+
343+
28.7+
26.3%
21.3%
24.0+
17.7+
25.7%
19.7+
21.0%

53
2.5

13.9

3.5
4.9
5.9
2.9
4.0
0.6
4.6
3.2
6.0
1.5
5.6

45.3%£10.0

17.3%
17.7+
39.7%
36.7+

4.5
4.2
5.7
2.1

64.7£11.5

36.3+
62.7+
24.0+

6.8
8.7
1.7

42.3£15.5

25.3+
17.7+
36.7+

7.5
55
8.5

23.7£11.0

455+
34.7+
58.0+
31.0+
33.7+

27.3%
34.7+

6.4
9.6
5.7
0.0
5.1

2.5
2.3

5.4+0.3
4.9+0.3

6.2+0.3
5.0+0.5
6.2+0.1
5.2+0.7
6.7+0.2
6.1+0.8
4.8+1.1
5.1+0.3
6.1+0.9
6.1+0.3
5.6+0.5
6.7+0.5
5.4+0.2
5.5+0.5
6.1+0.1
5.6+0.5
5.8+0.4
5.8+0.3
5.7+0.8
5.4+0.5
5.1+0.4
5.7+0.5
4.9+0.5
5.4+0.0
5.3+0.7
6.5+0.6
5.8+1.1
5.2+0.3
6.2+0.7
5.2+0.2
5.9+1.2
5.6+0.5
6.0+0.6
6.4+0.7
5.9+0.0
4.9+0.7
6.0£1.1
4.9+0.0
4.9+0.7

5.1+0.3
6.1+0.4

5.0+3.5
4.7+0.6

4.0+0.0
6.7+1.2
4.0+1.0
5.0+£2.0
7.3%£2.9
7.7+2.3
9.0+0.0
7.7+1.2
5.0+0.0
8.3x1.2
7.0+1.7
6.7+2.1
6.3£2.9
8.3+0.6
8.7+0.6
7.3+£1.5
9.0+0.0
7.0£2.0
9.0+0.0
5.0+0.0
5.3+1.5
9.0+0.0
8.7+0.6
5.7+0.6
6.7+2.1
8.0+1.7
6.7+2.1
4.3%1.5
5.3%1.2
5.0+1.7
7.0£3.5
6.7+1.2
5.0£1.7
5.0+1.7
8.5+0.7
5.3+1.2
9.0+0.0
8.0+0.0
7.0+2.0

8.3+1.2
3.7¢1.2



SG-63 2313+ 347 1088+ 213 38.0« 1.7 59+ 4.0 71x11.7 27+ 1.0 62.0+ 7.9 54.7£11.1 5.0£0.7 6.3£2.1
SG-64 2048+ 344 1153+ 215 39.7+# 6.7 61+10.5 69+ 3.5 30+ 5.1 63.7+ 8.6 44.3£12.3 4.6+0.4 5.7£1.2
SG-65 1900+ 952 1187+ 562 15.0+# 1.7 87£12.5 115+17.4 40+ 3.6 64.3+ 9.7 22.3+£ 49 8.14£1.2 4.3£2.3
SG-66 1263+ 318 842+ 193 11.7# 1.5 95+ 6.6 125+12.0 88+27.0 52.0+ 4.6 19.7+ 3.1 8.4+£3.9 7.7£1.2
SG-67 1058+ 88 853+ 103 29.5+ 2.1 54+ 2.8 86+ 2.1 40£17.7 40.5+ 2.1 20.5% 0.7 6.7£2.1 8.0+1.4
SG-68 843+ 98 618+ 104 11.7+ 2.5 64+17.6 108+£22.9 38£13.6 453+ 1.2 16.0+ 2.6 7.4+1.5 5.0£2.0
SG-69 2320+ 255 812+ 338 25.0# 5.3 68£13.2 70+ 8.7 29+ 1.5 68.3x 5.1 33.0£ 52 59+1.7 4.0+0.0
SG-70 2002+ 146 1362+ 87 49.3+ 5.0 52+10.0 68+ 5.0 36+ 2.5 53.3+ 3.2 453+ 0.6 5.0+0.4 5.7£2.5
SG-71 1957+ 289 1383+ 189 36.7+ 4.7 67+ 3.5 78+ 3.5 55+ 9.1 57.3+13.1 34.7£11.0 4.3+£1.2 7.0£1.7
SG-72 2763+ 142 2137+ 148 41.3+ 40 56+ 44 99+ 1.5 35+ 0.6 54.0+ 2.6 18.7+ 8.3 4.840.2 5.7£15
SG-73 3778+ 729 2568+ 218 48.7+ 3.2 83+ 7.8 92+ 5.2 39+ 6.4 63.0« 6.0 37.0£ 5.2 56+0.6 6.0«1.0
SG-74 4198+1665 26721195 60.3+ 8.6 80+11.6 91+23.2 34+ 0.6 57.7+ 59 45.0£ 5.0 57£1.0 7.0«1.0
SG-75 1607+ 434 1292+ 404 39.3+ 45 50+ 8.2 85+16.7 39+ 9.6 43.3+ 49 293+ 1.2 51+£0.3 6.7£0.6
SG-76 1555+ 827 623+ 500 19.7+#10.0 63+ 9.0 81£26.2 29+ 1.5 80.0+17.1 15.7+ 8.1 6.3x0.5 9.0£0.0
SG-77 2415+ 531 1433+ 70 33.0+ 44 71+11.2 93+11.4 37+11.9 65.7+ 5.1 42.7+£11.2 5.0+£0.4 7.7£1.5
SG-78 1463+ 291 853+ 223 47.7£ 6.7 42+ 4.0 57+ 477 22+ 3.8 53.0% 2.6 43.3£ 3.5 6.3£1.5 6.7x0.6
SG-79 2373+ 428 1522+ 318 40.7+ 2.5 58+14.2 84+ 8.0 41+ 4.4 40.0%+13.0 41.7+ 9.1 6.7+0.4 7.0£1.0
SG-80 2265+ 273 1470+ 201 443+ 29 62+ 45 77+ 6.1 35+ 55 55.0+ 3.0 52.3+ 3.2 59+0.2 7.3£1.2
SG-81 2447+ 198 1722+ 94 27.0« 1.0 71«11.5 107+ 3.0 43+11.9 59.3+ 6.0 24.0£ 2.6 5.8+0.3 6.7£2.1
SG-82 2537+ 334 1673+ 154 343+ 35 70+ 9.0 95+ 5.1 35+ 0.6 60.0%x11.4 36.3£ 4.9 6.1£0.3 4.0£1.0
SG-83 2380+ 643 1593+ 515 353+ 55 59+ 3.8 86+17.5 32+ 4.7 64.3+ 3.1 30.3+ 1.5 6.5+0.7 4.7£1.5
SG-84 2172+ 218 1215+ 178 25.7+ 4.0 66+ 4.0 92+ 9.0 38+ 8.5 62.3+ 5.8 38.3+ 5.0 5.7+0.6 6.0£1.0
SG-85 2217+ 837 1470+ 662 23.3+ 1.2 76+ 7.0 98+18.1 38+13.1 63.7+ 3.1 22.7+ 3.1 54404 4.3%15
SG-86 2108+ 453 1420+ 278 51.0+ 44 65+ 7.2 68+ 7.6 38+ 55 43.0+ 50 55.7£10.0 5.4+£0.3 6.7£0.6
SG-87 2422+ 584 1523+ 454 24.3+ 2.5 79+14.2 99+15.8 40+ 9.6 71.7+x 6.8 25.3£ 1.5 6.4£0.5 3.7£x1.2
SG-88 3108+ 653 2013+ 461 40.3+ 3.1 78+ 45 108+ 6.7 42+11.1 52.7+ 1.5 347+ 49 55404 53423
SG-89 623+ 217 532+ 189 7.3+ 0.6 85#15.5 112418.6 80+10.5 27.0« 3.6 21.0+ 0.0 6.6+x0.6 7.0£1.0
SG-90 1255+ 0.0 920+ 0.0 9.0+ 0.0 67+ 0.0 132+ 0.0 91+ 0.0 45.0« 0.0 15.0+ 0.0 6.9+0.0 3.0£0.0

SG-91 3025+ 733 2515+ 630 46.3+ 5.1 71+ 6.2 96+ 7.0 37+ 59 43.7+ 1.5 457+ 3.5 4.8+0.1 3.0+0.0
TEFg =l T [(58) ~ 901 AN

20139 54947482 ¢=et 21889 At & FEAH S dARIE 135t F 3989
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QARG Murstgon Muet

E10. A% QAAY 3949 YA U FEIA-AofH =4

HEA =4 Ao =4

A2 A, 28 e T R L

=T ooty gy 7] =T () B (cm) o' (Brix)

13-FG 001 Lo CHN PF 17 0 1 12 70 29.0 5.7 4.9
13-FG 002 =z IND PF 1 0 1 3 80 34.3 8.3 5.1
13-FG 003 2 TUR PF 1 0 1 3 75 22.7 7.7 5.3
13-FG 006 o IRN PF 1 0 1 3 70 18.7 8.3 3.6
13-FG 011 n TUR PF 0 0 0 3 80 55 59 29.0 9.0 3.8



13-FG 012 o} TUR  PF 1 1 1 3 95 120 83 42
13-FG 022 =} AFG  PF 1 0 1 3 80 267 37 55
13-FG 032 o KOR LY 1 0 1 3 85 157 30 6.2
13-FG 033 o KOR LY 1 0 1 3 100 213 30 6.0
13-FG 041 o IND  PF 0 0 1 3 85 54 57 273 83 42
13-FG 049 o KOR PF 1 0 1 3 90 200 30 6.0
13-FG 051 o JPN PF 1 0 1 3 85 487 57 50
13-FG 052 o JPN PF 1 0 1 3 80 240 13 46
13-FG 053 o JPN LY 1 0 1 3 75 180 37 56
13-FG 064 o IRN  PF 1 0 1 3 85 153 50 49
13-FG 082 o AFG  PF 1 0 1 3 50 250 50 55
13-FG 083 o CHN LY 1 0 1 3 90 430 57 49
13-FG 119 o CHN LY 1 0 1 3 85 283 90 48
13-FG 121 o EGY LY 0 0 0 3 70 290 90 45
13-FG 127 o NPL  PF 1 0 1 3 85 413 30 54
13-FG 128 =} NPL  PF 1 0 1 3 85 443 43 50
13-FG 152 =} DEU  PF 1 0 1 3 70 9.0 90 32
13-FG 159 e KOR PF 1 0 1 3 80 200 37 53
13-FG 166 op i ITA  PF 1 1 1 3 75 177 50 6.4
13-FG 171 o KAZ  PF 1 0 1 3 70 203 83 69
13-FG 172 o PRK  PF 1 0 1 3 100 360 50 44
13-FG 173 o JPN PF 1 0 1 3 85 180 30 54
13-FG 176 =} UZB  PF 0 0 1 3 80 223 63 46
13-FG 178 =} UZB  PF 1 0 1 3 95 290 50 49
13-FG 186 e JPN PF 1 0 1 3 70 140 30 84
13-FG 187 A JPN PF 1 0 1 3 60 13.7 50 87
13-FG 192 =] MMR LY 0 0 0 3 75 427 43 36
13-FG 201 o KOR PF 1 0 1 3 65 150 3.0 88
13-FG 203 o KGZ  PF 1 0 1 3 70 133 63 6.6
13-FG 212 o RUS  PF 1 0 1 3 75 233 9.0 30
13-FG 213 o LBY  PF 1 0 1 3 85 73 90 54
13-FG 221 o MYS LY 0 0 0 3 75 407 7.7 44
13-FG 222 o CHL  PF 1 0 1 3 80 113 9.0 50
13-FG 228 o PRK  PF 1 0 1 3 90 6.7 9.0 72
z PF: pinnatified; LY: lyrate; PS: pinnatisect
y 1 E% Qe 0: 28 g
X oHE 40% EH7|7HK] A9 L
W% 2 B9 2 et e 9%
v ulkSol ¢ 1(gg) ~ (Ul A3

st QALY 39A9] J4RES 20139 119 oheao] FASIAL(IY 18) 3URE AL

+dS AAlsto] AR stltiad 19)



I3 19, A5 2 NOAA(20139 1149 202 ~20149 62 209)

20149 SHAIY 394S 71SAfulS Eato] mAro] A7) W MurS Alx|slgon] AMust
A 3949 daREs 20149 11Y 6 k% g €
AAAd-s Aedstdat. AldiRd 52 3948 154
DNAE F&sto APt=ahe fAAEE AL RAlE
AR EE R 2484 AEsto] AprEste RAAtEge =

Mg o SI fAAEE 71 A = #ste], do¥ ¥i 448 748 " AP
2HITIZEAl RRAIZT RAAM 1628 5 A2 A5 PSS Adug oA
20156 94 44 Z47F 2078 ol mHEsto] 11Y = SEsiith( 2y 20).

opt
NS
R
o))

)






WK10024
FG 154 L WE

FG 027 Hs SE

¥ 10s e wa
— FG 047 Ha SE
L - f L ¥ R SAM
e 134 ity A
FG 108 s EE
Ji FG 198 By SE
Fe 194 Ry EE
P 198 Ry EA
— - G Ty EE
Faam Ry WA
¥ Ha (&)
FG 16y Ha SE
WRI100IY
FG 0 Ry EA
FG178 R ca
1 FG O e EA
— t - FG0s s EA
— 2014-01 -1 T EA
G 34 s EA
FaGo37 Ry EA
Lk S —_—————— TG Ty wa
FG 051 By EA
i FGnaz R EA
— 2004010 By EA
2004-01-08 s EA
G 159 L EA
ot | ¥ 206 Rar EA
_ — ———————————— G T SEA
—_—— Fam s 54
Fa Ry EA
———— T Ty EA
R e S—— 1 P 3 s BA
PP, FG227 Rs EA
= FG 216 Hy 54
FO IR0 Har EA
L - FGI0 [ KA
FG 013 Hr wa
TG Ot s 54
¥ ned s wa
— ———————————— FGif Ry A
I — 1] Ty A
FG 060 s NE
G 06d ity WA
L= | - ——————————————————— s Hy Ea
= | p—t T ——————————- - Y Y. s oA
G 1K e SEA
Fii 148 L3 SEA
FG 150 T SEA
< FGOTH s wa
= S T —————————— G R EE
L Fi 19 By Er
RRERLE] s SEA
G 200 ity SE
Foinds Re BA
jE=— FG oL Ha wa
|f G 167 K WE
FG2s L3 A
¥ 007 B Wa
FGola R BA
== | FG 26 T A
= ¥ 41 By 54
G 102 Tty Wi
- TG 6 T EA
T Chinese Calbbage Br
——— Turnip i
14.1-34 Unknown EA
Brucalll Ha
T . T 1 T 1 1 > T T T T T T T T T
007 029 .50 ] 092

Coellicient
= 21. 367} genome anchored EALHEA|S 0|83 & SAXILL &4

A FAA oFd 4

2016 3NIHi o] AHE 6678 RAAMES SI AR #AMRA] 237HE ol85to] SI SR
PES RABIECE & 20719 S} 9l ZoR selEsion) sbg e Sk s, s21, s290]%
tH2d 22)

0 @ 27

0 @

i 13
g 2 i BT ] e i
;_Qm 3 z 54654 7 2 i

’ 5152 53 54 b s6 ST =8 =9 si0slls12s18s16517s18520s21522 523524 26529 5152 53 54 55 b T =B 59.510s11s12:1 5516517 51822021 22523 524526528

Sl type 1 type

a8 22. SI 18 2AMEA] 2385 o] & MM ol MuidAe RAAME 669 SI 7 H Ex RAL

TUYCI AU Bgstn 9t 84 A 6L Sl WY BAEA 2345 o] &stol
S| £89 222 ZAR 2t & 12709 SUF EAlshe 212 Slstan 8, s10, s2lo] 7hy
ol 9y o2 Uehdth1y 23)



300 250

123
=]
o

3

2 z
11 1
| I T . I

sl =2 =% 24 =% 5B =7 =B % sl0slls12:18:16 5172182202 21522 523224 s26228 sl 22 23 =4 b =6 57 =B 29 =10s11s12015016:1 71822002 2202232245 06225
1 type Sl type

Mo, lines
(=] ra - -2 w

T 23 SI 38 RAEA| 238S ol8F WQStT Uk §4 AS 3659 SI £F L 23 R4}

Ho

SEERIEES m el Foln) 20174 ¥ x}m 3g soto FAg 2

?713014 gjate] Aol sl 24T ool

rlo
o
he
i Jm
et
=2
oX
o
=
P
for
rﬂ

dbiibipii

S26 H#134

S$12: FS11-2 520: RA23-3

. o:]KH ST OK-]K]»o:] 747<40] Q}g

< 343 9Jet >

T SEAEA YA V1A 18 R & 4 24 -
ArRlgs 229 oM. 2= (K2, 11&), 1F&, 7ta, E & Al &7 ¥sto] 5571 ¢
st AL tjAtolztn  #HE=  LRR-RLKs %  brassinsteroid(BR) s22 289l
BRASSINOSTEROID INSENSITIVE 1(BRI1) M=% 48X 52 =m3st 1 5AIE4]9 abiotic
stresses/biotic stressesof] tigh A/ X AsAG HAYZ tigh olsi7t ol wiofsict. ot
2tA & AER|2YE BRI1, BAKL(Al=9] A&yt ‘ﬂg%’ plant inate immunity, programmed
cell death), RPKI(&FAEHA AFA), ERK4(§_} EgfA AFA) % +AxrEe] 54 2
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a3 25. RT-PCRE 43885t 2 SAISA|ZEE total RNA £2] 2 cDNAE gHA
9] full lengthS &H
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Full length RAIAI== %*l‘ii} < in vitro oA ARt £8A9] AAg TS Fat £
5SS 1Yst7] Ysto], AR ThEHAl €9H] HHE|(pFlag-Mac)of] cytoplasmic domain £¢1& Z=24
5kl BL21(DE3) &4 *ﬂioﬂfﬂ 300 pM IPTG A|2| & T WS [estitt (2™ 26). BL21 Al
ZoJA pFlag-Mac WiE{o Z2det ANz 284 {ARMES ol&sto] AR WA AL
SDS-PAGE @ Western blot hybridization $~385to] AigtshAl ThBAS. B A5ict 2 ASR| 28
B 245t Alxet 8% kinase % BRI1, BAKI, PERK4 AjxgH THHRAlCe So|EA = pY, pThr
Z71o|A Z3=lst QlAlsh ¥ke-e WS ¥ ohz} E.coli THHAlO] transphosphorylation® A]7]=
2oz e o] 2o DhOSphO-SpeCIfIC FAIE ol&sto Qlitet B9 HEsICt

FLAG-MAC (5.1 kb) Em..__2__
¥ Eriizgias

BES CATG | FLAG MCS sTOR
PFLAG-ATS (5.4 kb) 1 T,
£IEEEI95R

amp’

o N-Terminal
pFLAG-MAC
PFLAG-ATS

" pBR322 erigin

11 origin

Multiple Cloning Site
{pFLAG-MAC and pFLAG-ATS®)

FLAG Peptide Sequence
are| Asp Tyr l.’l ll’ Asp Aap Asp fl

ATE BAE TAC RAC 240 CAT SAT gk 4, l eTe A £2

TAE ETE OATE TTE STS TS OTA &% T H.:J TC FAR FA9 .}
"!

T GLA |GA: STA DAT AGA TER

*For pFLAG-ATS the Met-OmpA qoding sequende provides the FLAG (oding sequende,

I 26, Al=8f 28A kinase©] AAET T U HHE



o

23 o C,oflA 16A17F &oF A AT 9o I R § Hidd M2 55 25t Rz
A & FESHY ol& M=z 84 IS ¥, phosphospecific A &-&gF Ql4ket
OFAFELAM - T3]3 in vitro oA Z]UAo] 93t transphosphorylation AL £& 235K
a3 273 o] RsBRIIZ tyrosine Zt7]ofAl= QIAtebyl Uojubx] ot YHEHO
threonine Zt7]oj|Al= Zrst olArgHEETH ofu 2t ThAt4 ©ERA 2 9] transphosphorylation &g
S H9t}h E3F RsPERK4: tyrosine, threonine At7| S04 7435t QIANSHS H Y ov} thAA+
theiA 2 9] transphosphorylation &4 Ho|X| ootk T2{u} RsBRI1, RsPERK49}= tfx
Aoz RsBAKIE tyrosine, threonine Zt7|ofAl 7St QIAISIRt THANG THHRAIZ O]
transphosphorylation &/d5 It} o]} 22 A4 2 55 FP2EHA U 2 Ve
wot Sof jgt B ALE 7o) SUlE1 03 A7 Bl shssittn Moo

o o
N
3

IB: anti-p¥ IB: anti-pThr  IB: anti-Flag

ECHE FOl2@ 97 AR 7Y 28014 BoIRL: Hlel Zo MED 284 Tume A
A T Wl AIM] o} OJ*J@} g wl@ B4 Avolch Flag-RsBAKI-19] 39

tyrosine ZH7]o|lX 9] Ql4itsh= PTG #]2] 6A17F] detection E|Qlotf oF 10 ARt o Z|dj
S Hol= Zlozg xtg =t I2{Y4} threonine AF7]o|A 9] O1AFSH= tyrosine BT} wWE
IPTG A 2] 4A]7t 3of detection |t} S 0|22 Z3t2A RsPERK49] 749 tyrosine AH7]9]
Aol QlAite= IPTG A2] 2A]7to]l detection HIOw wliy x7]of Fof &/do] =&l
Threonine ZF7|o]|A4 Q] Q1Atst AA| tyrosinedt SAFSHA IPTG & 2] 2417t 3.0f detection &
olt}, T2l 273 T2l 280j|AQF 7ro] B A|mutol] E=X|sH Nmut 28F2} &x|2tE ChEA o]
A%} 2 kinased] B5o] T2 TREL 542 walc



Flag-RsBAKI-1 Flagz-RsPEREA4-1
0 2 4 & 10 16 IPTG (lus) 60 2 4 6 10 16 IPTG {(hrs)

- -=

|IB: anti-pY IB: anti-p¥

[B: anti-pThr IE: anti-pThr

|[B: anti-Flag

l:d—ﬂ_]p‘(:_l AHQ%]—K—]O X—l_:L HJ\:E% %@_ ] %
kinase®] A4S RASH= £Q3F B2 carboxyl terminus (CT) 292ty mtg]o] CT
A} SRR receptor kinase?] FAS5S HA

ox,
|

=]
o L
o 2904 B upe} o] RsBAKI(4CT)= RsBAK1® H]w5HRlS o autophosphorylation
ZtA 3 ollz} thAd THEAl 2 9] transphosphorylation 42 9] Ho|x] ¢rorch HhHo
RsPERK4= 2 Apol7} Qlolt}. olef 22 ZAusE vHlu FA5IYE I & Mxo H8F59
aa Y B SES2 ASAE 1A o ot SojXor oEA AgdS & 4 A



IB: anti-Flag

[B: anti-pThr

IB: anti-pY

A(Truncated)Q] receptor kinase?] &

=11 N
=

o

SH
=]

29. RsBAK1, RsPERK4e}t ACT A=

a9



4 73, AANRZ=AE: AL 79 dHES5 R FIAAA 7Iv7]< 71

—

’I,
O Fe dAf B2 &304 3444 (MS)O o] gt AjFol solutHA FAt Mz FA
1

257 os) stzete

sstant. hsste o
7bsgol ek ARTA Al

ARACIA Sotol 87 L 2 %ﬂ@ow Bl 1085
5 E
A TYE 297] B QAAY] BF L AL 28 E A &

wEolY AE EE
Ao] LolAlFA 8%
sYstol ALY,
O 2AdE: OBE AR WUHE E5S 2FstHon NEFSS BE $4EY

!

ASS ol&sh] Wzol =4 A== o]&strof

+ olg&o] o} 7Hsstd AprtEstde o
&3t e Ao JiYe 52 HFE 1485852 #ASIY Y. RAAY Bo 2 A IRd =
A FARME S 2T5tY] 247 Fokshl staAlE et do S 55T
O AP == =9 SRS Aoy dX] FHA0 Waste 4089 fAAME S A
sttt &= F+= oAl AjgEo] ol Fot o] 7hestd ggst F5 A L ST
SAE fFAAE S SoF, AuF Also]l B IR s dFAR)] FEE Alee 2dEo] 9l
o, RHAl &7 FToltaL ANt AT 2T TS gt FFE o5 Aot 720 s
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2t Zdat 9 wi
O CO2 72 5= 3% A2 A L 4.5% M2 o] AE
B A|8oAs Welo] P& ZAl HIHHOl CO, 7HA =& 3% #2519 S o 9& AR RAMSHA
I AFARLS < 7 2 >1f 2
< 2> COp 7tA 3% A|2] Al A5 AL

43 43 5743
NO BN s | NO BN s | NO BN | (/=)
1 NR1 6.7 SX011 0.1 TX001 48.0
9 16
2 NR2 10.3 SX012 4.1 TX002 37.8
DX009 0.7 SX017 28.3 TX011 10.3
3 10 17
DX010 8.7 SXO018 25.2 TX012 10.8
A DD001 2.1 " SX019 2.2 8 GGO01 3.6
DD002 94 SX020 4.3 GGO002 18.6
DDO003 25 TT001 2.2 GGO003 8.5
5 12 29
DD004 10.5 TT002 125 GGO004 25.0
DDO011 26 TTO015 3.1 GGO07 5.0
6 13 20
DDO012 55 TTO016 8.0 GGO08 12.0
DD013 2.1 TTO017 3.1 GX003 0.7
7 14 21
DD014 6.8 TTO018 6.1 GX004 7.7
SX009 0.4 TTO019 2.2 GXO025 0.3
8 15 22
SX010 3.8 TT020 6.3 GXO026 4.3

* NO 1, 2 : "pPteetdd A& ++ NO 3 oJst : BN E4¥les 34294 Ale Aaties #AA

J2]1 CO, 7FA =% 4.5% A2 ou] A3 4=
<® 3> COp7tA 4.5% A2

AT Y vl
FTAF(ml/F
NO BN
3% 4.5%
1 NR1 6.7 10.8
2 NR2 10.3 16.7
3 NR3 X 11.9

* NO 1, 2 Apheetdd AS  *» + NO 3@ &= As

QuR oz AFERY AFY WESAIA EARHmI/Z)0l 10ml olgold UFORA Lol
FESITGD BUAT ol FL FA AL A AbFRRIEA0l 2 SAHEA AR 239 dde 5
ol 9F FAE 28 Jbssiths Ui Zolch EARKmI/Z)] 5 ~ 10 ml/E oA A4 2
B FEo} bsotot BRIt ol AbbEalEel FotHA UEYE ol E st IH5d
aEolth, FAtml/F)] Sml/F olstold ARl FEF AFFL HusA] RY 25 97| B
BESGD & 4 ook AT 42N AT Aot FI FA A Al AHE A7 gl
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16.7ml/Z, 10.3ml/32 2|4 S5 &EIF 7H50HCH(RE 2)
SAHEYY Ass2 SX17, TX1, TX11, GG3 & 4AEo] 247+ 28.3ml/%, 40.0ml/Z, 10.3ml/Z,
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8.5ml/F2 FEsH U A4t AF A FEI 2 YA UHA] 16452 45 Aol
Sml/F oJst2 UEhY AActe] fF dide dHE & 4 gilH.( = 2)

SHAITE NR1:} NR2+= CO2 7tA &% 4.5% A2| ou[A[doA 45 ABitgdo]l 247F 10.8ml/F,
16.7ml/F=2 50% olfe] &3 5718 < & = d A0 2 A1 TLof|A]
Yol 3% CO2 XM= Aakgo] Y& Aof dFF W7 B7hsodoy CO2 55 4.5%= A2
oquIAlgoA FORA F (
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5 AFM 7 EF SA A CO2 7tA AP FEE 4.5%2 =0 A2fstH ApPteEetd Ay &
2 IS BE 95 AT £ 4 ok Thsdol Ues FAT 4+ Ao

O CO2 7tA 5= 4.5% A2 2419

B A= AR AJEoA CO2 7HA =% 3% X2 2E FEsE dxaF surt 7pas)
17, TX 1 5 2Ae 7Hebt U %ol 7ka A2 7|70o] &2 DX 9, 4.5% A2z Fw3h 5%
87t 753 NR 3 52 Ast AR 2450 $AHEYAY 17450 1 SA1%1S CO2 7tA
55 45%2 A2|sto] 95 MARFS RAFSIG L AR < & 4 >3 Pt

<E 4> C02 7FA 3% / 4.5% A2] Al Y& AMAEF u)n

%7 H(ml/F) ZAFHml/F)
NO BN NO BN
3.0% 4.5% 3.0% 4.5%
1 NR1 6.7 10.5 TT15 3.1 10.0
2 NR2 10.3 216 ! TT16 8.0 14.3
DD1 2.1 12.0 ‘ TT17 3.1 2.5
’ DD2 94 18.1 . TT18 8.0 55
DD3 2.5 2.8 TTI19 2.2 7.0
! DD4 105 16.3 1 TT20 6.3 32.5
DD11 2.6 3.2 TX11 10.3 22.0
° DD12 5.5 8.3 " TX12 10.8 39.0
DD13 2.1 6.5 _ GG1 3.6 6.4
0 DD14 6.8 17.5 o GG2 18.6 15.0
SX9 0.4 2.0 GG3 85 13.0
! SX10 3.8 175 10 GG4 25.0 26.7
SX11 0.1 0.3 GG7 5.0 5.3
i SX12 41 13.0 17 GG8 12.0 8.4
9 SX19 2.2 1.9 5 GX3 0.7 2.5
SX20 4.3 6.3 GX4 77 13.0
10 TT1 2.2 2.0 19 GX25 0.3 1.8
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<3y 12> preegdd # 8489 78 AeY CO2 A 528 A

ey @ 948 9xA 1975 CO2 ARsEs 45%2 Eoid Aslge u, 3%
we AN 4% It gAstdct A 194% F TT2 TTI8, GG2

GG8 2 dF Aol tha GastRAT, UHA] 15A &2 50-300%71A] »Fo] S7tstqit. +&F
o] Z7Ieh 1548 & 12482 +T A (ml/F)0] 10ml/F ooz dFozA Fwet 23 &
B} 7otk & 4, O 12)
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1
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250
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=3, 0% 42l
=4 5% &2l
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S8 AT EF COZ Asrs 45%2 oA Asigle . 3%2 Asigle e
U2 A +F St Fdstd. AA 1778 FolM DD3, SX19, TT1, TT17 & 4AS2
gol AdastAAT, oAl 13AISAAN afol Srtekdt. a3Fol S7tet 13As S0 DD
DD13, TT15, TT19, TX11, GG1, GG3 & 7AI5& 200-300% H= 4ol Z716t¥ 1, 79
A (ml/F)0] Sml/F oo 2 dFORA Hacte] aF HEIL Jhssilty. ol St
13715 %oll4 DD11, SX9., SX11, GG7, GX3, GX25 5 64152 40| Z71stF oLt 23
7P7F OlojstAY fdE 02 HA aF HHA= UJA[A] Zopich(® 4, 1Y 13)

= 4 2

’

ot ok opy

O CO2 71X =% 4% L 5% A2] Ald

B AFoME CO2 7tA & 45% A2 A”H 2T ExHmI/Z)] sml/% ooz AF
oA Haste] 43 ws} Jbsslgd 7AE0 thsted AR CO2 tA Ale] HEE Pt
oJsto] CO2 7hA & A%9F 5%2 Al2lsto] z172o] 9% AAIES FAIAT ABAAL <®
5 >3} 2t}

< E 5> C02 7tA 4%, 5% 2] A] Y= ABAFF v

NO BN T A= (ml/F) NO BN T A= (ml/F)
CO2Z 4% CO2Z 5% CO2 4% CO2Z 5%
DD1 10.2 128 - TX11 10.8 174
: DD2 12.5 16.1 7 TX12 25.3 32.3
DD13 4.0 53 GGl 2.3 8.3
’ DD14 8.3 14.7 ° GG2 10.2 17.5
R TT15 55 11.3 GG3 9.2 10.8
’ TT16 10.1 18.2 ! GG4 204 19.3
TTI19 3.6 5.4
! TT20 8.9 11.6

* NO 1 ofs} BN &4WsE MSAS, Bause 4K



<33 14 > CO2 AP 5= 4% / 5%1M MS AlE 2 JEi( » 9% CO2 4% A2, 285 5% *2))

(1) 84244 +x As

SMB o o A=

35
30
25
20
15
10
5 -
o -

mCOZ2 4%

mCOZ 5%

DD2 DD14 Trie Tr2o Tx12 GG2 GG4

<3y 15> =Y AAIA AsY CO2 A2 58 FAHF

COZ 7t2 &= 4% A2 5% A& vz o
& SOA GG4E At 67N 5%=2 AP o A

(2) 73248 AS
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A O EF

2741 &AM

BIt 7t
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20

sd=Y4d A=

15

10

mCO2 4%

Lada h I

mCO2 5%

DD13

15

19 TX11

<37 16 > 94

Aol

FRE 2% it b
stal DD1, TT15, TX11, GG3 &

o oot

294 A8 CO2 A2} 5= A

ﬂqwﬁziEB%iﬂaﬂmEEEN%WHAié%

S g0l BR £ st 7}

SECH(E 5

O CO2 7tA =% 3%, 4%, 4.5% 2 5% 2] A|d ZAnp 2A
ARl AlY ATe wlgoz €02 7tA 2] SR 95 AMES Hlase< & 6 >0

< B 6> CO2 7tA 3%, 4.5%, 4%, 5% A& Al 9% AJAHEF v|w
NO BN T (ml/F)
CO2 3.0% CO2Z 4.0% CO2 4.5% CO2Z 5.0%
DDI1 2.1 10.2 12.0 12.8
! DD2 9.4 12.5 18.1 16.1
) DD13 2.1 4.0 6.5 5.3
DD14 6.8 8.3 175 14.7
5 TT15 3.1 55 10.0 11.3
TT16 8.0 10.1 14.3 18.2
N TT19 2.2 3.6 7.0 54
TT20 6.3 8.9 32.5 11.6
- TX11 10.3 10.8 22.0 17.4
7 TX12 10.8 25.3 39.0 32.3
GG1 3.6 2.3 6.4 8.3
° GG2 186 10.2 15.0 175
. GG3 85 9.2 13.0 10.8
GG4 25.0 20.4 26.7 19.3
«NO 1 ofs} BN 24¥5: MSAE, AWt 43
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st
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(1) 382948 +A As

EXHmIE) 24ded g5 4=

45
40

35

30

mCO2 3.0%
BCOZ240%
BCO245%
mCO2 5.0%

25

20

15

LU

DD2 DD14 TT16 TT20 TX12 GG2 GG4

<3y 17 > 342 #AIA Aee CO2 A2] 5= FAE

BolXy OxAl AEL AF TAE £ GG2, GG4 2AES AQst 5AENA CO2 7tA =%
A At XM 57t =545 95 BAFE TUtote AFS EQh GG2¢}
GGA+ AT A2 Holx] & Z4ZF 3%t 4.5%0A AlY =2 S UET (B 6, 18

o O

=Rl =) Sd=dd 4=
25
20
ih mCO2 3.0%
WCO2 4.0%
10 4
ECO2 45%
- BCO25.0%
0
DD1 DD13 TT15 719 X1 GGl GG3

<129 18 > FF=YY ATY COz XY 5= FAYF

8248 As2 & § GG 1 52 At 648 COZ 7tA 5= 3%, 4%, 4.5% A
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T2 T 1 o S .
A% Aol sml/% oo ¢
1!

- CO2 A2 5& 4.5%, 5% FoNEe g 2% 349
5 2o

O
2]
o
opy
oZ
[
ol
ok
T
N
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=

5
(o]

_uOl

o2 Ha 4% st skgslslol, g uet e 2
- DD 13, TT 19, TX 11, GG 3 & 471]%8 CO2 7tA =% 45%0|A LEAJALS o] . W
1 D 1, TT 15, GG 1 & 3AIEL CO2 7tA =% 5%0A ¥ 1 9 .
CgbEc] AE9 DD 19 COZ 7bA B 45%0lN BTt 9% mANS © QAW
o] o woku, xET AE GG 12 TAHCE LA BERS g
ot
- AXY7R] Al DA

RN

~ Aol sEE 9

o|->{ nJlﬂJ
S

S~

>
OE‘ 1
i)

X
=

3. NIL(Near Isogenic Line)9] S
7F. A|d9] iﬂ_g_)\-l D_l E.X-l
2 AR e goA Adgslikol AT F A5 B2 7320 34=d8E ol&
Aol 5 AT YN AFL AstRel AsT Dol Byl CO2 o
£ 95 Z4j0] g2 BAPL At 95 S49] o2 gL sjdstr] 9
U2 ZhAdshs U JiAE CO2 A2] Yoz AF SA0] 27hset
7] 9lal NILS o] gsto] APjstatao ghso] Zi upwo] masir)
2 Age oo 1yd 842 AEL ol8s

e A fAIRCl Atk /dol Hes fAAS NILZ RrEEH S5o0] 9l

' NIL 7 9
O 9URA NI 94 PECIRT 439

de MSAEYL I FARIRISA, RP)9 SI AAtE S =
SI dAtgol Mz og AE(19Al, Doner)S wsfs}



F1& =t 23 o5 ouff(back cross) =FWHol w2 FIZRAlS] €HEAS wsf
(backcross ) A=

- ZF QA 22 Addabgo] SIoQIAF obA o] &5t 2 JHAl= SI Aol Heterozygous$l

NAE Aot 2 Adjorcy AdE ZRAo] Y5415 A4 backcrossE 41385t0] BCOF1A]

A O] ApbeAdstol BCEF2 AldioA SI QA o] Homozygous?l

o F3Aoz A¥d As2 Zo I 9y AY A AprEStE

s(NIL) 22 J/4=Y ZAsies Ateteddo]l Hol dF A0 7hsgt

Aol

Sa(RP) % Sb(Doner)

v

Sa x F1(SaSh)

l

Sa x BCIF1(SaSh) «——t7tgatgd &

l

Sa x BC2FL(SaSh) «—— Ai7H2ieh M3 o

6

% o)

-

Sa X BC6F1(SaSb)l;. BC6F2(SbSh) «—— *i7tedteid HE Ot

!
MS(SaSa) x BC6F2(SbSb) —| AP7Iated MS 3 4 7ts

<33 21 > AurEol NIL 84 712 BAlE

O Background selection A|AEl L=

- 20159 12¥ =47)&A &R HoA background selection system o] t&EdHo] miat F9
olmd] 8% S /1MoR BEAZL 4 A HYch Bae] Yoz 6-7519) backeross
£ Zlsgsfior SitH o]l 2-39ittez VY NILS 5T 4 Qe A2z 7|gdn

- O] Uo]Z2EF0|H Aol gz ghdo] g9 DNAS AT 4 7 =HYlew E3h #
A5 7129 WA oz theFst SNP 0FA(Background selection marker)7t 7jgreE]o] 7h=3s)
Ak,

- ZF Mg METHA(BCnF1)oA] Background selection marker& o]&sfo] gH=X1at G4
2 fAMel MY =2 JiAlE st o4r]of ST QIRMY Ui E o] &stol SI QIR
Homozygous®l 7JA|E Adsttt. o]& 2-3%] ¥HEstH #ej9] 6-73] backcross 2 &gt

e 9g 4 otk

i)
|o

0

(o]
]

|

i



Sa(RP) x Sh(Doner)

l

Sa x F1(SaSh)

l

Sa x BCIF1(SaSh) «—— {71222 4% 04 + Backaround selection marker

!

Sa x BC2F1(SaSh) «—— 717tg#gi4 Mg o + Backaround selection marker

Sa x BC3F1[Sash] L BCOF2(SbSn) < APHERIEAE 42 Ot

|

MS(SaSa) x BC3F21snSn] ——| A7keketd MS §F Wit 7ts

<73 22 > Background selection markerS 0|23t NIL &4 RAlE

o 9743 Ug 2 Wy
2 APe S42Y ASY 1 gANY Sl AAE A
AFAESE] 4RI UONE A7 SN Theut 2

>~

fof Al71ekergel NIL2 9H57] 919 1
&M} YEoR 2s

rlo ik
ol

O R7H23H4(SD) ARME 4 (1RMdE~3RPd &)
A NILZ PH57] 9ol addolSAerdat sd71aAd 85t o] o=ste] BR590 A&
SI QIA}g BAsHgcH B AFS 438517 Ysto] YN EA 24 9 6Atf o] AxIAe
2 7¥7

gt 34U e % AP As 5 1200&S sAMER ARESHRIT. Al A" 27t
o] Alat 1AtdEo] 84 rROog AMutgl JA|9 AlXo|A DNAS F&sto] 2o EA s
AtEeted QAREA S sttt 2Atdeofls Boh @2 PRIMERS B&shi Qle 5U7Ied&



grcrol] wrEAES Qsteltt. 3xbaEol: 14 backeross A% A AL FIEgT} A A%
Chstol AW AL WAlstel AAY HE 2 AL WA,

O backcross ¥ Background selection markero] °Jgt 7J&] A (2A'A =~4A1E &)

2P o] 7ho) SI QAR BA AWE spgoz xido] AR CFE 1049) FI £¥L AYetd
13 5 WEjepge] 2 8% FUEEoz AAstdon 3xpALel 4xPALo]
backcrossE %1885t o).

3RPA = 1A} backcross Al
3 ST $HA A5l %

REHO
—L‘?:]E"

5 BCIF1 AEjofA background selection markS o] 835}to] ¥HE
WAE Moty 4xPA = 2%} backcross XIg§stgith. BC2F1 4
Eflo A1 background selection markE ©]-&5t0] A} A&/do] =2 7IAE AEste S W5t

%t

rlo oglz‘

o Ay % 1%
O APFRSRY(S) A4 4
(1) IRAE APLRSLEY AREN Al
YeMedN B85 12009 A5
stof < & 8>3 2L AUE AUt

YL ST AR WA 24E o

<E 8> AR ARy AN ZERedstme)

v = F A7HEEEAd s 24
primer : S1, S2, S4, S5, S7, S8, S11, S12, S18, S21, S22, S23, S24, S26(% 147))
DNA W% 1213 DNA W3 Q1214 DNA W% Q124 DNAW & Q1213
1 S8 31 S7 61 S8 91 S5
2 32 S7 62 518,521 92
3 S8 33 S18 63 S8 93
4 S24 34 S7 64 S8 94
5 35 65 95
6 S5 36 S8 66 96 S5
7 37 67 S8 97
8 38 S18 68 S5,98 98 S5
9 39 69 S5,58 99
10 40 S5 70 100
11 41 71 S8 101 S12
12 42 S7 72 102
13 43 S2 73 103 S5
14 S4 44 S2 74 104 S5
15 S4 45 75 105 S5
16 S1 46 76 106
17 S1 47 77 S8 107
18 48 78 S18 108 S5
19 S1 49 S7 79 109 S1
20 S5 50 80 110
21 S5 51 S7 81 111 S5
22 52 82 S5 112 S1
23 53 83 S7 113 S5
24 S18 54 84 S5 114
25 S18 55 S2 85 115




26 S7, S18 56 S8 86 116
27 57, 518 57 87 S5 117
28 S7 58 88 118
29 S7 59 89 119
30 S7 60 S21 90 S5 120

- AREH S AAIE AT AR 1204E FolA 607) AEC] Axtalo] Felglglnt.
A QAR FoI4 57 ABOIH Bst QIxto] obd 4ol Qxdo R sholEgict.

(2) 2" = ApHeobdd AAEAN 2t

IR FYLoSAerd ) Ateetdd Aty 242 BR5<Ql PRIMER 7F @A ¢,
Eo e AEo] tieh A S AT 4 flo Bot @2 PRIMERS B (3171 )5tal Qe &7
=4 &t Aol st} WRAldS AAISHAAL, FH RS Ao RE AlSAM Aheetd o
A+

< E 9> 2AMAE APEESRMY QARA Adkse7]4A88 AR

WA= T ARG AAHY A

DNA ¥& | SI TYPE DNA ¥& | SI TYPE DNA & | SI TYPE DNA H& | SI TYPE
1 S13 31 S1 61 S8 91 S5
2 S24 32 S1+8 62 S4 92 nll
3 S5 33 S21 63 S1+4+8 93 S1
4 S24 34 S8+18 64 S17 94 S1
5 S30 35 S1 65 S17 95 S5
6 S521+30 36 S5 66 S17 96 S5
7 S4 37 S15 67 S17+22 97 S5
8 S11+12 38 S5+12 68 S5 98 S5
9 4 39 S2 69 S5+8 9 S5
10 24 40 S2 70 S15 100 S13
11 4 41 nll 71 S21 101 S24
12 24 42 S5 72 S9 102 S5
13 521+30 43 S24 73 nll 103 S1
14 S4 44 S24 74 S5 104 S24
15 S4 45 S12 75 S7+12 105 S4
16 S1 46 S8+24 76 S5 106 S1
17 S1 47 S1 77 S1+16 107 S5
18 S4 48 S1 78 S16 108 S4+5
19 S1 49 S1 79 S5 109 S2+30
20 S5 50 S29 80 S4 110 S8
21 S5 51 S2 81 S4 111 S5
22 S5+8 52 S8+30 82 S5 112 S24
23 S8 53 S1 83 S5 113 S21
24 S1 54 S1+29 84 S17 114 S24
25 S7+12 55 S24 85 S9+10 115 S21
26 S7+24 56 S21 86 S9+10+22 116 nll
27 S1 97 S8 87 S1 117 S24
28 S7+12 58 S5+8+15 88 S5+9 118 S13




29 S8+18 59 S8 89 S5 119 S22
30 S7+12 60 S8 90 S5 120 S8

- 9 BAAZ A8Y MBS 1R B I ASY BE SUA AFoIN, AR
2AAE A8 02 A0g B9t 121 $74A o)y AREe ot %ol 274%
IR BT 84 o] Sofyit,

2AAR AT ARSS URE AT CIRES F6T Al oy ASSE Uz
FAo| LT WU A2g AgTA,

- SI TYPEO] §7bAl E& AP TYPEOZ Uehb: 258 ot 1ol @ | 3
ofyE AFA WHAA Fe Mg TYPE A L4 YA UA2 £1A] TYPEOE U
Bbs ASE 5 AR 940l 09 gAY AE, 5 AbtgalEyel e AFel Wo A

2¢ TYPEY 7I5AS &4 wijAst L Qict.

=

Al

<l

(3) 3RPAE APHESREY ARHEA At
BRSS9l st @ &y U A5 S| AN BASSC, 2
o

l
_I—L]'I;- < ® 10 >3+ Zcth

£ 10 > 3RhAE ApREakey ARk Au(s U148t AT

HeA= 7 A7HEsted A9 4
DNA W3 [ SI TYPE DNA ®¥3 [ SI TYPE DNA ¥135 | SI TYPE DNA W& | SI TYPE
1 S24 19 S24 37 S21 55 S21
2 S24 20 S24 38 S5+2+30 | 56 S21
3 S4 21 S2 39 S18 57 S521+30+1
4 S4 22 S24 40 S21 58 S24
5 S4 23 S24 41 S2 59 S24
6 S21 24 S24 42 S21 60 S21
7 S21 25 S24 43 S21 61 S8
8 S24 26 S21 44 S21 62 S24
9 S4 27 S21 45 S21 63 S24
10 S4 28 S21 46 S21 64 S8
11 S4 29 S21+18 47 S21 65 S17
12 S4 30 S5 48 S21 66 S16
13 S4 31 S5 49 S21 67 S16
14 S4 32 S9 50 S21 68 S21
15 S17 33 S30 51 S21 69 S21
16 S24 34 S5+30 52 S21 70 5S4
17 S24 35 524 53 S21 71 S8
18 S24 36 S24 54 S21 72 S18




- DNA 915 1, 2 = 2AbA%] DRE MSAZD 1 9AF0R S29 S3002 QIRtEo] BA
gololt 3k E AR Ad S24z A% AFEHQUT, DNA s 9, 10 w3 w49 MSAE
3 7 9rFloR 2aPdRo] S49} SI1302 Qlxfalo] EME|glon AAA AT S42 FE A
HE 9T DNA W3 52, 532 2abdmo] QIxtgo] gl o Ugtol} 3abdw A4 At
S212 WYE|QT, DNA W3 71, 725 ZZS1+8a S8+182 5 1A QIxtgo] SAlo] Upgho
U 3AhdE A7 AD ssat s182 A1F ARH

- DNA ¥15 29, 34, 38, 57 & SI TYPEo] T71A] &= A|7}X]9] TYPEC 2 UE}= A&Eoz
ofxl mAol Hx e AFUX A2L TYPEY xR o 2 glout dxde AAR e

Ao QAL WA SE 9SE W
S| }
g

=
S R&E
£ FFHoR QX

L}. backcross @ Background selection markero] 23t 7j&] Mgt
(1) 2APd = wHi=g AHd
AR 20 FA7Is AT ST AAY A AuE HiEeZ AXYo] AR HE 10709 Fl
295 At 1 5 wujEetgdel 271 292 AYstal wEjeteido]l £2 87 AT S wHjR
w0z Aottt 2Ahd =0 wejREos Al F1 239 Ap7heetgd AAtg2 o
St Zo} S30xS13,  S13xS30,  S21+30xS13,  S1xS7+12,  S1xSh, ShxS1, S1+8xS8+18,
S8+18xS1+8

L AN
-

(o]

L

O

rin
=
o)
=
ton
e
ox.

(2) 3xP 9= backcross ¥ Background selection markero] °]st 7j&] A

3APA = backcrossg AlS¥st7] A wHjRZo=z MuH 871 F1age Al s SI AR A
A8E AAlsto] QARY WA AUS ARl 2o backcrossE Ale¥stich( & 102t AuEA ATR)
SI QA AEA At S302 S24=2 &4, S132 S4z2 HA, S1+82 S8z WA, S8+182 S18= 7t
Zb BAEQG. 8719 F1 23 & AAYEo] S21+30xS13 QI 1} 22 229 JAIZ Qs
backcrossg AI§sHA] xsto] aFA 0=z 779 2= backcross ¥ astity.  TafA BRH <
A+ Akt 7719 BCIFIA S S24xS4, S4xS24, S1xS7+12, S8xS18, S18xS8, SHxS1, S1xShH o]
of. BCIF1 NtiolA backcross A& 771t MS {7159 SbxS8 Als & & 871 A& SAE
stdstot, e XIS Efo|o] mrEsto] Background selection marker?t SI OfAHE o] &5}
of Ba3 MdUsiA.

w0l AFEH O T4 967 SNPORHE ARESHRIL B9 487
AsoM e ALY Hoprt Esto] m247F 48740 DIX[A] xS} = tt. Background
selection marker &4 ZAWE v oz SI QALRA OHAE o] &5t AZF=Eatgd A4S Homo
L= Hetero o8-S wWAs5HYTH Background selection marker A4 ZAit XA AbzAo] =2
WA eE SI AAEA ZAf Heterozygous Q1 7HA|E 2202 AYsto] 4XPA 0] backcrossE A%
Ae¥sttt. oA A Zabe o2ak 2o

A5t 27)]

rir N

x

b zo o
rd 32

(D) S24 x S49] A5 ¥4 % S AREA A



NL1 1 2 3 4 5} 6 NL1 1 2 3 4 5 6
A 38 33 82 8 80 A 24 24 24 24 24 24
B 96 34 78 39 79 83 B 24 24 24 24 24 24
C 0 85 78 81 96 82 C 0 24 24 24 24 24
D | 3|8 | |8 || 8 D |24 2424|2424 24
E | 8 |8 |8 |8 |8 | s E |24 | 24 [ 24 ] 24| 24 24
F |8 |82 |8 | 1|8 | 8 F |24 |24 ] 2424 24]24
G | 8 |8 |98 |8 | sl G |24 | 2424240 24] 24
SRR H | 24| 24|24 |24 ] 24| 4

<E 11> 3 - 454 B 9 - Sl QR

- AFEA WA ATHs 63, H3 So| 90, 9570 0holN SshA Ugiowt SI AatEAol BE
S242 e} Alarel AR} ol

(WD) S4 x S249] 454 4 L ST URRH 2

NL2 1 2 3 4 5 6 NL2 1 2 3 4 5 6
A 34 83 90 |84 81 A 24 | 24 24 24 24 24
B 9% |79 87 33 94 91 B 24 | 24 24 24 24 24
C |0 34 90 |77 82 35 C |0 24 24 24 24 24
D | &4 79 81 85 83 38 D |24 24 24 24 24 24
E |34 33 84 87 84 35 E |24 24 24 24 24 24
F |86 78 87 80 86 79 F |24 24 24 24 24 24
G |83 32 78 96 | 82 96 G |24 24 24 24 24 24
H |80 81 87 79 94 | 82 H |24 24 24 24 24 24

<E 12> B - H5H BA 9 - S QRPN

- AFSA A ADt: B5, G4, G6, H5 So| 94, 967} ohAolA ELshAl Ugkovt SI QxkRA
ol wE S24w Lot Aleel JRAt ol
-9 O, (hel AdolA AFEERY QA S24z EUsh) e RS HE oAe £4

SAA  2R7F A9e JhsAol e o= WU

(th S1 x S7+129] AFEA BA @ S[ OIR}ELA A}



NL3 1 2 3 4 5 6 NL3 1 2 3 4 ) 6
A 90 | 83| 87 | 78| 83 A | BRI ER RN B B
B | 95 | 8 | 90 | 8 | 81 | 84 B | ¥4 |84 | 83|82 | 88| 83
c | o [® |8 |® | & |8 FEIEIEIEIEIE
D | 81 | 8 | 8 | 8 | 8 | 93 D 8|88 8|8
B |81 |0 |91 |8 | |0 IEIEIEIEIEIE
F |8 | 798 |80 | & | 8 FB BB 888
G | 87 | 8 | 8 | 8 | 8 | 87 G |33 | B3 | 83|82 | 82| &3
H | 77 | 92 | 87 | 8 | 87 | 76 H | 333318318383 | 34
<E 13> - 45 B4 9 - SI IRk

- 35 A At D6, H2 5ol 92, 9371 UiA0A FHsHA ugkou SI QIARZA oA =&
DAE7t2 4ot AErE JiAl= Qth o] AEL RjoZEsto] SI QApEAGE fAA GO
2 2207 XNst¥ Y backcrossE Aldfstact,

(2 S8 x S189] 454 B4 U SI AAHLY A

N4| 1] 2| 3] 4] 56 N4| 1] 2| 3] 4] 5] s
A &7 |74 |82 |7 | Al s |8 |8 |8 |s |8
B 96 _ 33 74 B 8 | 8+18 |8+18 |8+18 |8 8
c lo |8 |7 | 76| 74| 75 C g |8 |s |8 |ss
D | 88 |8 | 78| 3|8 |7 D |8 |8 |88 |88 |8 |88
E 91 74 | 81 77 39 33 E |8 8+18 | 8 8 8 8+18
BEIEE EIERE F |88 |8 |88 |8 |88 |8
G | 2| 3|37 G | 818 | 818 |88 |88 |8 |8
H | 68| 77| 79| 7 | 8 | s4 H | 818 |88 |88 |8 |88 |8
< 14> B - AEY B 9 - 81 ARk

- A8 A A As/dol =1 Sl JIAMEA A Hetero 99l B2, B3, B4, F3 7IAl§ 222
2 Mastel 1 backcrossE Zl8§stoict

(oh) S18 x S89] A4 B U Sl QRHEA Hut

N



NL5 | 1 2 3 4 5 6 NL5 | 1 2 3 4 5 6
A X | X | X A 18 | 18+8 | 18+8 | X X X
B 96 86 X X X B 18 18 | 18+8 | X X X
C 0 79 | 83 X X X 0 18+8 | 18 X X X
D |70 | 74 X X X D 18 | 18+8 | 18 X X X
E 7| 81 78 X X X E 18 18 18 X X X
F 66 | 84 | 78 X X X F 18 18 | 18+8 | X X X
G 78 | 771 | 73 X X X G | 18+8 | 18+8 | 188 | X X X
H | 8| 76| 7| X | X | X H 18 | 18+8 | 18+8 | X X X

<& 15 % - A5 w4 § - Sl QIAREA
- e WA A AdEAdol =1 SI QIRREAOA Hetero @91 A2, A3, B3 7JA|E RO
st backCFOSSE Ao sttt

- S18 x S8 7|52 backcross ©AOA =2tg/do] UEtLYY] AJASIAL SAMG = WA okttt
("h) S5 x S89] Ak BA 4 G QRHEA At

NL6 | 1 2 3 4 5 6 NL6 | 1 2 3 4 5 6
A 73 |75 |65 |69 | X A 5 8 8 8 X
B | 95 |74 |8 |8 |79 [X B 5 5 X
c |0 89 |8 |74 74 | X C 5 5 548 | X
D | 69 77 |81 76 | X D |5+8 |5+8 |5 548 | X
E | 75 |75 |76 |74 |68 |X E 5 8 8 5 X
F | 80 |78 73 |X X F |5 8 5+8 |5 X X
G | 78 |79 |84 |79 |X X G |5+8 X X
H | 76 |81 |73 |68 |X X H |58 |5 5 X X
* 16> & - J5d 24 S - SI QIAREA

- 454 2 An 5ol &1 S| AAMEAGA Hetero @9 D2, F3 /HAE 2Eoz A
9519 11 backcrossS X1885t9i .
- S5 x S8 A% £ backcross BAOIN BaHPol e AT SRiE @A oot

() S5 x S19] 454 B4 U ST AxEA Az



NL7 1 2 NL7 1 2 3 4 5
A 84 A | 5|5 |541]51] 5
B | 95 | 78 B 5151 5 | 5
c | o] s C 51| 5 |51 5 |5+
D | 73 | 77 D | 5 |51 |51 ] 5 |55
BEl EIEEEIE E |51 |5+ |51 ] 5 |51 ] 5
F | 82 | 8|8 | 84| 8 | 79 F [541]51]| 5|5 | 5| 5
SEEEAEEEE B3 G| 5 |541] 5 | 5 |51 ]51
H | 82| 78 |8 |8 |8 ]| s4 H| 5| 5 5 |55
<E 17 8- 45H B 9 - SI QkEA
- A58 A 2T AE/do] =1 Sl ARREA A Hetero @91 A3, E2, C4, D6 7iAl& Z2°
2 MEFstei a1 backerossS Al88sHS T

(oF) S1 x S59] 454 &4 % Sl AR A At

Nig| 1 | 2] 3] a] 5] 6 ng| 1 | 2 | 3] a] 5] 6
A 2 | 87| &5 | 82| 8 Al 1 |51 |1 |15 155
B |9 | 82| 8|88 | s B | 1 |1 |15 |15 [1+5 |15
c o N s | 6 | 77 c 15|15 |15 |1 | 145
D |80 |85 |43 | 8 | 8 | 79 p |1 |1 |1 |15 [15 |15
E |83 |79 |80 |79 ] 72| E |1 |1 |15 |15 [1 |15
F | 81 | 77 80 | 82 | 4 F |15 |1 |1+5 |1+5 |1+5 | 145
G | 8] s 84 | 83 | 7 G |1+5 |1 |15 |15 [1+5 |15
H| % ||| |7 - H |1 |1+5 |155 |5 |1 |15

18 T - A B 9 - Sl QR

B4 Zm 540l &1 S| AAEAA Hetero 39 C2, CIANE wioz A
i

<H 4> C027tA 3% / 4.5% A2 Al 95 AARF vlw

SAE (ml/F) T4 ml/F)
NO BN NO BN
3.0% 4.5% 3.0% 4.5%
1 NR1 6.7 10.5 " TT15 3.1 10.0

2 NR2 10.3 21.6 TT16 8.0 14.3

DD1 2.1 12.0 TT17 3.1 2.5
3 12

DD2 94 18.1 TT18 8.0 5.5
4 DD3 2.5 2.8 13 TT19 2.2 7.0




DD4 10.5 16.3 TT20 6.3 32.5
DD11 2.6 3.2 TX11 10.3 22.0
> DD12 5.5 8.3 H TX12 10.8 39.0
DD13 2.1 6.5 GG1 3.6 6.4
0 DD14 6.8 175 o GG2 18.6 15.0
SX9 0.4 2.0 GG3 8.5 13.0
! SX10 3.8 175 10 GG4 25.0 26.7
SX11 0.1 0.3 GG7 5.0 5.3
i SX12 4.1 13.0 H GG8 12.0 8.4
SX19 2.2 1.9 GX3 0.7 2.5
! SX20 4.3 6.3 ' GX4 7 13.0
TT1 2.2 2.0 GX25 0.3 1.8
10 19
TT2 125 8.0 GX26 4.3 5.0

* NO 1, 2 Rp7FeotgAlE  +x NO 3 o5t BN E4R¥lo= MSAE, ApWeEs (A

=

(1) 429 97 AS

SR OVF) Ao 2AEd X /RAEAS
15,0

40.0
35.0
30.0

250

w3,0% % 2]
20.0 ud 5%% 2
15.0
10.0
0.0
B ©
& 1
&

e TP R RN - T T e PP ™
LI CLEERY S &

Q' &)

<3y 12> Apheedd R S48 741 ASY CO2 A2 s=¥ FA

AhgelEy 2 948 SRR 19715 CO2 AelsEe 45%2 =olA Aslde of, 3%
= Helse HEe g2 ASIN 2% B1E Sl B 1998 B T2, TS Co
GG8  UE Aol Chh ZASAXW, Yuix] 15752 50-300%7H1] 2afo] F7kstoict. 2
o EHet 15 1215 59 EAFml/F)] 10ml/F ooz AFoRA FRE 23 o
R

N
Ecﬁ
ofy oili



=X /E) S8 HE

250

15.0

=3, 0% 42l
=4 5% A2l

10.0

5.0

DD1 DD3 DD11DD13 8X8 SX11SX19 TT1 TTIB TT17 TT189 TA11 GG1 GG3 GG7 GH3 GX25

<3 13> Y Al COZ XY s A

SHEUN AT £3F CO2 MRS 45%2 £olA A o, 3%2 Astie wuct
2 ASAN 4% 5712 stk A 174 A DD3, SX19, TTL, TT17 5 4741%% %
WASIGAY, YojAl 13AF0IN Lol Fibstich 4ol E7H 137
DD13, TT15, TT19, TX11, GG1, GG3 5 7A=2 200-300% &= Z=Fo] %7}6}9\";11, 2 £
AFFml/F)0] 5ml/F oldoR YEORA AT SUE AWt SFsEYh o] FIK
1345 ZoA DD11, SX9, SX11, GG7, GX3, GX25 5 645& 2aFo] S7lstgoLt e &
It ojulsAY 9E0RA HA 4 shuolt UjAA] RSHUCH(E 4, 1 13)

ofm
O{N °
>
S
=

th CO2 7tA 5% 4% L 5% A2 A
2 AFAAE CO2 7hA SE 45% A2 B £ FAHm/F)ol ml/F ooz AF

02N Hadte] 2 BRI} JFslAE A0 dieted AR CO2 7tA A EES s
olotol CO2 714 5 4%} 5%z Aelslel 21710 UE AL AAGAD ARHHE <n
5 >1} ﬂq
B 5> CO2 7tA 4%, 5% A2] A] €& AAEF 8l
NO BN F A& (ml/F) NO BN F A= (ml/F)
CO2 4% CO2 5% CO2 4% CO2 5%
DD1 10.2 12.8 TX11 10.8 174
! DD2 125 16.1 0 TX12 25.3 32.3
DDI3 |40 5.3 i GGl |23 8.3
’ DD14 8.3 14.7 0 GG2 10.2 175
TT15 55 11.3 GG3 9.2 10.8
’ TT16 10.1 18.2 ! GG4 20.4 19.3
A TT19 3.6 54
TT20 89 11.6




<23 14 > CO2 A2 &&= 4% / 5%0llA MS AlE 2 JEi( * 9% COZ 4% A2], 2% 5% A2])

(1) 848Ed8 +A As

o gl © =
=R mlE) sd=Y X 4=

35
30
25
20
15
10
5 —
o -

mCOZ 4%
mCO2 5%

o2 DD14 Trie Tr20 Tdl2 GG2 G4

<33 15> =Y RAIRA ATY COz XY s FAY

COz 7tA =& 4% A|2J°F 5% XS vl o
& $OA GG4E At 6AIFAAM 5%=2 AP T o

(2) 88248 As



CO2 7t2 5= 4% Aot 5% Mg ola
Aol o ok,
2SoA FEE 2 AR} b
H7} 7}ssta DDI, TTI15, TX11, GG3 &

Pe U AF

16 )

2}. CO2 7tA & 3%, 4%, 4.5% 2 5% Rz A&
R A A AP R B B o= ] e

20

15

10

sd=Y4

A=

1 _r Ij |_I I%

DD13  Tr1s  Trie 111

<19 16 > 34=YE AleY COz A2 s=8 FAF

S42Ud AEL

it CO2 5% 5%2 AdstH &

BSoE u

2 CO2 7t~ A

2L 4 $HBYY AS
CO2 5% 4%E Kﬁﬂo}‘:ﬂl DD1, TX11
AN 2]
AT B2 2 s} FFSYCL( E 5

A 24

Q&
S5 45 4

AENA 5% A2

ct.
< ® 6> C02 7tA 3%, 4.5%, 4%, 5% A2 Al A& AAEF v]al
NO BN T2 (ml/F)
CO2 3.0% CO2 4.0% CO2 4.5% CO2 5.0%
DD1 2.1 10.2 12.0 12.8
! DD2 94 125 18.1 16.1
( DD13 2.1 40 6.5 5.3
’ DD14 6.8 8.3 175 14.7
5 TT15 3.1 55 10.0 11.3
TT16 8.0 10.1 14.3 18.2
A TT19 2.2 3.6 7.0 54
TT20 6.3 8.9 32.5 11.6
_ TX11 10.3 10.8 22.0 174
7 TX12 10.8 25.3 39.0 32.3
5 GGl 3.6 2.3 6.4 8.3
GG2 18.6 10.2 15.0 175
. GG3 85 9.2 13.0 10.8
GG4 25.0 20.4 26.7 19.3
“NO 1 O]t BN E395E MSAE, A3Hes fAA

=
)
A2k g—
a2l
—a

T O

)



(1) 382948 +A As

EX2HmMI/E) 24ded g5 4=

45

40

35
30

mCO2 3.0%
BCOZ240%
BCO245%
mCO2 5.0%

25

20

15

LU

DD2 DD14 TT16 TT20 TX12 GG2 GG4

<3y 17 > 4= /A2 AeY COz A2 &8 A

42Uy 9AIA AEL HA TAE 5 G2 GG4 2452 AT AN CO2 A B

A7 SR 242 UE ANFE FUMHE AFS 2otk 662
ol T 247 3%e} 4.5%lA AY & ke Uehfslch (& 6, 13
17)

(2) 38248 A

ZXp2HmI/F) 2d2dd 4=
25
20
L BCOZ23.0%
BCOZ24.0%
10 A
ECOZ245%
5 4 BCOZ250%
a
DDl DD13 Tr15 TT18 T>11 GE1 G3

< 39" 18 > HEYE AISY CO2 A ¥ FAS

8588 Ase Ms & GG 1 AES At 6Al§M CO2 7tA &= 3%, 4%, 4.5% A



2 P01 Hel S5t 345 U

5% A2]47tolA+= DD13, TT19, TX11, GG3
o @ery, DD1, TT15, GGl & 3A&< CO2

18)

o o A71E 4F A vl
O

= Sotste 4¥ES Bt CO2 7tA 5k 4.5%%
E2 CO2 & 4.5%00A Y& AJArZFo]
& 5%0lA AarEfol o @it (# 6, 11

AR AlFZATE vIEFo 2 FAHAEUATY dHst €945 ZAS Yt AA CO2XY s+
45% ot 2 AN = SHEYE As 5 UHEY AE DD 13 250 AFQ GG 15 o]&st
o HEAVIZ QSRS T 95 AL Tt HEAE BET ASE olenEe 109
209 o, BATE(=LHEOR B 119 Foldn, 230 ASe BRItz
2 B7)e 19 590), %emEe 19 302 MZotgn AEARS < & 7 >3 2t

CI 7> WEAE B RF AN L
T BN CO245% CO245% CO245%
(20143) (o] &3%) (=e9%)
T 20 7] DD1 12 107 85
Z 207 % GG1 6.4 96 115

gag ASS QurEel BEAEc 9 o}

Aol 54

ol




19), R0 AT YA LFA| Bt LA BES AGPAH DEBAFo] o FYTH(ET, 1

ub. A&

TAAREE 4FXP7EA] et CO2 XE] 522 AIgS 2stEA 79 34=Y8 AsY dgt
dE SA= H AR COz A2l s=5 FYstLA sigitk. Algdle AVteetdd 2AsY &8=
dd 2041E, FAIR 207A180] AHEEICD Al AF Avte dadt 2o

7} FSSEL, CO2 S50} £0P4E 9F BAFE F7IIE AT By

- $HEYY ABS 204% F 5L CO2 Ma) BE 3% oME FR3 A5 YA w)
7hsatdt.

- S4B AT B CO2 7tA wE Wt fojud dF MY 5718 B9 A&2 DD 1,
DD 13, TT 15, TT 19, TX 11, GG 1, GG 3 & 7"A&2o=, CO2 A2] 5% 3%, 4%, 4.5% +
TN 527t 224% 4% AUFE F75te 4TS B

- COZ AP & 4.5% 5% 1AL 7AE BE AT 9F AUYo] Sml/F oo A%
02A A4 £ Wt sbsstgol Agd o e 2x

- DD 13, TT 19, TX 11, GG 3 & A2 CO2 7tA Hk 4.

5%0lA YEAAFo] o o
ot D 1, TT 15, GG 1 5 37152 CO2 7k~ & 5%oA UEAAo] of worct

o .

- 9hEr) A9l DD 12 CO2 712 35 45%0lA Teuch 9F mEsie m Y5y
of o WO, &0 ALY GG 1 ARG L WENS U PFMAYo] o wl

o},

- @A AR
A AEl sRE 9EAAI AR

3. NIL(Near Isogenic Line)?] S-4

b NRe Wex 9 24

P

© A T dgsiRel A 7 ASEY W2 FEol 44eddE ol
AR &7 d As2 2 A2 Yoz

AEol =il AR S =LY
(o]

U NIL 84 9
O w9l NIL 84 (12T 25



- CO27tA A= 93 FAlo] o MSASY I {AR(RFEA], RP)Y SI QAT S &l
ot 1 SRR wujstgi/doln] SI QIAMEo] A= oE AF(13]%l, Doner)s iHjsto
F1& %=t I g oAwAl(back cross) &&Ho| w2} Fl7|Ao] ¥HEAS  wHj

(backcross )sl7] S y¥H235to] A& SAISHT}

- A4 AoE 22 dgago] SI QA obA o gstn Zk JiAl= SI QIAFg ol Heterozygous®l
AAE Aottt 2 Agioiay Add 7iAldl WEXs 74 backcrossE A133sto BCOF1A
thol Al mES Mwsty o2 A7p4aAsto] BC6F2 AltfolA SI Q&Eo] Homozygous?l

MAS Adeitt AFAoz Jd¥d AS2 Re I WEAR AY 21 Apteodd

AR AR ASNIL)CZ 3829 Aleds AVHAdel Ho dF SAo] Jtedt
Aol

Sa(RP) % Sb(Doner)

v

Sa x F1(SaSh)

l

Sa x BCIF1(SaSh) «——t7tgatgd &

l

Sa x BC2FL(SaSh) «—— 7172ies 43 o

=
uE
=
=22
e

Sax BC6Fl(SaSb)l> BCOF2(ShSh) «—— Ft2etad d2 o

!
MS(SaSa) x BC6F2(SbSb) —| AP7Iated MS 3 4 7ts

< 33 21 > AukAlol NIL 24 7|8 mAlL

O Background selection A|AHEl L&
- 20159 129 Q7|8 To) A background selection system o] L&F=Ho| w2t F9]
olmd| % 7172 WMo BEAZD & A itk WA WHoR 6-78]9) backeross
= oelo} Ak olME 2-38%02 DRE NILE BEY 4 98 Ao JlgEc

oo Z2EF0lH Aol /EE oo T DNAE A & A =Holedw ®g #
719 ¥&rx o2 t}ofst SNP 0F7(Background selectlon marker)7} 7f2Elo 7HssiA

El

rﬁ
Im m‘l‘

_o]

],

I

>~l
ol->i rr
O

o

- ZF Mgjo] METHA(BCnF1)o|A] Background selection markerg o]-&sto] grEXlap GAIA O
2 fAMdol 7MY =2 AAIE Addste or]o] SI QIAtY UFAE ol&ste S QAT
Homozygous?l 7HAIE AEetct. o] 2-38] ghEstH o] 6-72] backcross 9 5Lt 2

WE ds 2 A

o]



Sa(RP) x Sh(Doner)

l

Sa x F1(SaSh)

l

Sa x BCIF1(SaSh) «—— {71222 4% 04 + Backaround selection marker

!

Sa x BC2F1(SaSh) «—— 717tg#gi4 Mg o + Backaround selection marker

Sax BC3F1[SaSh] — — 5 BC3F2SbSh) <—— FHERIEY HE O

!
MS(SaSa) x BC3F21snSn] ——| A7keketd MS §F Wit 7ts

<33 22 > Background selection markerE ©o]835t NIL 84 ZAl:

o X
29 ASH 19X SI AALE

A2 3% #R|gHsto] Rp7telabAdel NIL2 2HS7] 9ls) 1
APAERE AAMAE7R] YoM E A7 SAoA ohea 2 A Yo 23wt

O 7tk d(Sh Ay 24 (IR =~3Ata &)
4 NILg RHE7] flsll ol SATsidy sd7led et Aol sty B/3ed AEY
ARt S SHstAT. = AlFS 2357 flote] UA BN =74 &< 6Ald ol Mdizl%
gt 39U AT 2 AR AS 5 120052 ZAMER ARSI Al ArgE

ZEoz Add JiM AlEoM DNAS 25t =5 LS4 atet
A AR S YRSkt 2Atd o= Bot W2 PRIMERS ERsti Qe 59471
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grcrol] wrEAES Qsteltt. 3xbaEol: 14 backeross A% A AL FIEgT} A A%
Chstol AW AL WAlstel AAY HE 2 AL WA,

L. backcross ¥ Background selection markero]| 23t 7jA] A (2R1d = ~4RH &)

2P 0] 71.9] SI QIAMY B4 ATg vz Qlxtgo] MR 4 10709 F1 23S Aele
13 5 WEjepge] 2 8% FUEEoz AAstdon 3xpALel 4xPALo]
backcrossE %1885t o).

3RPA = 1A} backcross Al
A AST 9AN Aol &

REHO
—L‘?:]E"

5 BCIF1 AEjofA background selection markS o] 835}to] ¥HE
WAE Moty 4xPA = 2%} backcross XIg§stgith. BC2F1 4
Eflo A1 background selection markE ©]-&5t0] A} A&/do] =2 7IAE AEste S W5t

%t

rlo oglz‘

o Ay % 1%
O APFRSRY(S) A4 4
(1) IRAE APLRSLEY AREN Al
YeMedN B85 12009 A5
stof < & 8>3 2L AUE AUt

YL ST AR WA 24E o

<E 8> AR ARy AN ZERedstme)

v = F A7HEEEAd s 24
primer : S1, S2, S4, S5, S7, S8, S11, S12, S18, S21, S22, S23, S24, S26(% 147))
DNA W% 1213 DNA W3 Q1214 DNA W% Q124 DNAW & Q1213
1 S8 31 S7 61 S8 91 S5
2 32 S7 62 518,521 92
3 S8 33 S18 63 S8 93
4 S24 34 S7 64 S8 94
5 35 65 95
6 S5 36 S8 66 96 S5
7 37 67 S8 97
8 38 S18 68 S5,98 98 S5
9 39 69 S5,58 99
10 40 S5 70 100
11 41 71 S8 101 S12
12 42 S7 72 102
13 43 S2 73 103 S5
14 S4 44 S2 74 104 S5
15 S4 45 75 105 S5
16 S1 46 76 106
17 S1 47 77 S8 107
18 48 78 S18 108 S5
19 S1 49 S7 79 109 S1
20 S5 50 80 110
21 S5 51 S7 81 111 S5
22 52 82 S5 112 S1
23 53 83 S7 113 S5
24 S18 54 84 S5 114
25 S18 55 S2 85 115




26 S7, S18 56 S8 86 116
27 57, 518 57 87 S5 117
28 S7 58 88 118
29 S7 59 89 119
30 S7 60 S21 90 S5 120

- AREH S AAIE AT AR 1204E FolA 607) AEC] Axtalo] Felglglnt.
A QAR FoI4 57 ABOIH Bst QIxto] obd 4ol Qxdo R sholEgict.

(2) 2" = ApHeobdd AAEAN 2t

IR FYLoSAerd ) Ateetdd Aty 242 BR5<Ql PRIMER 7F @A ¢,
Eo e AEo] tieh A S AT 4 flo Bot @2 PRIMERS B (3171 )5tal Qe &7
=4 &t Aol st} WRAldS AAISHAAL, FH RS Ao RE AlSAM Aheetd o
A+

< E 9> 2AMAE APEESRMY QARA Adkse7]4A88 AR

WA= T ARG AAHY A

DNA ¥& | SI TYPE DNA ¥& | SI TYPE DNA & | SI TYPE DNA H& | SI TYPE
1 S13 31 S1 61 S8 91 S5
2 S24 32 S1+8 62 S4 92 nll
3 S5 33 S21 63 S1+4+8 93 S1
4 S24 34 S8+18 64 S17 94 S1
5 S30 35 S1 65 S17 95 S5
6 S521+30 36 S5 66 S17 96 S5
7 S4 37 S15 67 S17+22 97 S5
8 S11+12 38 S5+12 68 S5 98 S5
9 4 39 S2 69 S5+8 9 S5
10 24 40 S2 70 S15 100 S13
11 4 41 nll 71 S21 101 S24
12 24 42 S5 72 S9 102 S5
13 521+30 43 S24 73 nll 103 S1
14 S4 44 S24 74 S5 104 S24
15 S4 45 S12 75 S7+12 105 S4
16 S1 46 S8+24 76 S5 106 S1
17 S1 47 S1 77 S1+16 107 S5
18 S4 48 S1 78 S16 108 S4+5
19 S1 49 S1 79 S5 109 S2+30
20 S5 50 S29 80 S4 110 S8
21 S5 51 S2 81 S4 111 S5
22 S5+8 52 S8+30 82 S5 112 S24
23 S8 53 S1 83 S5 113 S21
24 S1 54 S1+29 84 S17 114 S24
25 S7+12 55 S24 85 S9+10 115 S21
26 S7+24 56 S21 86 S9+10+22 116 nll
27 S1 97 S8 87 S1 117 S24
28 S7+12 58 S5+8+15 88 S5+9 118 S13




29 S8+18 59 S8 89 S5 119 S22
30 S7+12 60 S8 90 S5 120 S8

- 9 BAAZ] ASH MRS AAE BA od AEW 25 FAG AFolAY, AR
SAZTE AE 02 2ns Byt Jn £74A ol4d AREE Holk AFe] 224%
IR =R 84 9o Sojyt,

SAAE0] AT MRS ARE AeIstL RS F6-7 Ak o) AESE Az

grlo] IAEQICHL Wiel: Has Agstoint.

- S TYPEo| §7bA] T AZHAI9) TYPECRZ Uehb: 2158 offl 14o @ € 7alx
oli® A7 WeAA e MZE TYPE QA ¥4 QA UAZ £7bA TYPEOE U
Bt AES 3 AR 940l e aEel AE & AphRelidel &2 AEel wot A

29 TYPEY 7b54 S o wiHE 2= gick

=

A

(3) 3R ATLRATY AREY A
5716088 g QlZetol W@ %4 £ 727459 S AARE BAatdch o

ASe 2Abd o] £AA i AZPR AREoR Ueils A5 AR

gol Age s-64tle] ABoR FWo| Ao WA WA At A

ARENATEG £ B AP AAEOR Ut 8]&e wol FolSolch QAR

= < & 10 >u Zo
£ 10 > 3AMAE APHESRRMY QIAREA Ail(Ed71eA 83 Al
deME ¥ A7 Ay 24
DNA ¥% |[SITYPE |DNA W& |[SITYPE |DNA W& |[SITYPE |DNA W& |SI TYPE
1 S24 19 S24 37 s21 55 s21
2 S24 20 S24 38 S5+2+30 | 56 s21
3 S4 21 S2 39 S18 57 $21+30+1
4 $4 22 S24 40 S21 58 $24
5 S4 23 $24 41 S2 59 $24
6 s21 24 $24 42 S21 60 S21
7 S21 25 $24 43 s21 61 S8
8 S24 26 s21 44 s21 62 $24
9 S4 27 s21 45 s21 63 $24
10 S4 28 s21 46 s21 64 S8
11 $4 29 $21+18 | 47 S21 65 S17
12 S4 30 S5 48 s21 66 S16
13 S4 31 S5 49 s21 67 S16
14 S4 32 S9 50 s21 68 s21
15 S17 33 S30 51 s21 69 s21
16 S24 34 S5+30 | 52 s21 70 S4
17 S24 35 S24 53 s21 71 S8
18 S24 36 S24 54 s21 72 S18




- DNA 915 1, 2 = 2AbA%] DRE MSAZD 1 9AF0R S29 S3002 QIRtEo] BA
gololt 3k E AR Ad S24z A% AFEHQUT, DNA s 9, 10 w3 w49 MSAE
3 7 9rFloR 2aPdRo] S49} SI1302 Qlxfalo] EME|glon AAA AT S42 FE A
HE 9T DNA W3 52, 532 2abdmo] QIxtgo] gl o Ugtol} 3abdw A4 At
S212 WYE|QT, DNA W3 71, 725 ZZS1+8a S8+182 5 1A QIxtgo] SAlo] Upgho
U 3AhdE A7 AD ssat s182 A1F ARH

- DNA ¥15 29, 34, 38, 57 & SI TYPEo] T71A] &= A|7}X]9] TYPEC 2 UE}= A&Eoz
ofxl mAol Hx e AFUX A2L TYPEY xR o 2 glout dxde AAR e

Ao QAL WA SE 9SE W
S| }
g

=
S R&E
£ FFHoR QX

L}. backcross @ Background selection markero] 23t 7j&] Mgt
(1) 2APd = wHi=g AHd
AR 20 FA7Is AT ST AAY A AuE HiEeZ AXYo] AR HE 10709 Fl
295 At 1 5 wujEetgdel 271 292 AYstal wEjeteido]l £2 87 AT S wHjR
w0z Aottt 2Ahd =0 wejREos Al F1 239 Ap7heetgd AAtg2 o
St Zo} S30xS13,  S13xS30,  S21+30xS13,  S1xS7+12,  S1xSh, ShxS1, S1+8xS8+18,
S8+18xS1+8
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rin
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=
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e
ox.

(2) 3xP 9= backcross ¥ Background selection markero] °]st 7j&] A

3APA = backcrossg AlS¥st7] A wHjRZo=z MuH 871 F1age Al s SI AR A
A8E AAlsto] QARY WA AUS ARl 2o backcrossE Ale¥stich( & 102t AuEA ATR)
SI QA AEA At S302 S24=2 &4, S132 S4z2 HA, S1+82 S8z WA, S8+182 S18= 7t
Zb BAEQG. 8719 F1 23 & AAYEo] S21+30xS13 QI 1} 22 229 JAIZ Qs
backcrossg AI§sHA] xsto] aFA 0=z 779 2= backcross ¥ astity.  TafA BRH <
A+ Akt 7719 BCIFIA S S24xS4, S4xS24, S1xS7+12, S8xS18, S18xS8, SHxS1, S1xShH o]
of. BCIF1 NtiolA backcross A& 771t MS {7159 SbxS8 Als & & 871 A& SAE
stdstot, e XIS Efo|o] mrEsto] Background selection marker?t SI OfAHE o] &5}
of Ba3 MdUsiA.

w0l AFEH O T4 967 SNPORHE ARESHRIL B9 487
AsoM e ALY Hoprt Esto] m247F 48740 DIX[A] xS} = tt. Background
selection marker &4 ZAWE v oz SI QALRA OHAE o] &5t AZF=Eatgd A4S Homo
L= Hetero o8-S wWAs5HYTH Background selection marker A4 ZAit XA AbzAo] =2
WA eE SI AAEA ZAf Heterozygous Q1 7HA|E 2202 AYsto] 4XPA 0] backcrossE A%
Ae¥sttt. oA A Zabe o2ak 2o

A5t 27)]

rir N

x

b zo o
rd 32

(D) S24 x S49] A5 ¥4 % S AREA A



NL1 1 2 3 4 5} 6
A 8 | 8 | 8 | 78 | &0
B 9% | 84 | 8 | 8 | 79 | 83
C 0 8 | 78 | 81 | 96 | 82
D 83 | 8 | 719 | 87 | 75 | 80
E 89 | 86 | 8 | 84 | 8 | 8
F 89 | 82 | 86 | 78 | 8 | &4
G 8 | 86 | 90 | 89 | 87 | 81
H 82 | 80 | 95 | 8 | 8 | 87

<EHE 11>z - A=y BN

- AFEA WA ATHs 63, H3 So| 90, 9570 0holN SshA Ugiowt SI AatEAol BE
S242 e} Alarel AR} ol

~

(W) S4 x S249] 54 BA

2SI AR Az

NL1 | 1 Z 3 4 5 6
A 24 | 24 | 24 | 24 | 24 | 24
B 24 | 24 | 24 | 24 | 24 | 24
C 0 24 | 24 | 24 | 24 | 24
D 24 | 24 | 24 | 24 | 24 | 24
E 24 | 24 | 24 | 24 | 24 | 24
F 24 | 24 | 24 | 24 | 24 | 24
G 24 | 24 | 24 | 24 | 24 | 24
H 24 | 24 | 24 | 24 | 24 | 24

9 - I A

S|
&y

NL2 1 2 3 4 5 6
A 24 |24 24 24 24 24
B 24 |24 24 24 24 24
C |0 24 24 24 24 24
D |24 24 24 24 24 24
E |24 24 24 24 24 24
F |24 24 24 24 24 24
G |24 24 24 24 24 24
H |24 24 24 24 24 24

NL2 | 1 2 3|1 4|5 | 6
A 84 |83 90 |84 |81
B | 95 |79 |8 |83 94 | 91
C |0 84 90 |77 |82 |8
D |84 |79 |8 |8 |8 |88
E |84 |8 |84 |8 |84 |8
F |8 |78 |87 [8 |8 |79
G |83 |8 |78 9% |82 9%
H |80 |81 |8 |79 94 |82

<E 12> 3 - 454 24

9 - Sl AR

S|
&y

- AFEA A Aib: B5, G4, G6, H5 S0 94, 967} ohAolA ELsAl Uhol} SI QIapeA

ol == S22 Lot Awe A7 olct
-9 O, (el AstlA AbrbRs
SA0lH @77}

(th SI x S7+129] A=

oloj o
M 2

3

S
=]

F5do] £ Foz WU,

24 9 SI AR A

P oAbt S24R SQsh e e A

Pi
ro,
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N3 | 1| 2 3| 4] 5] 6 NL3| 1 | 2 | 3] 4| 5 | 6
A 9 | 83 | 87 | 18 | 8 AW BB B 88
B | 95| 8 | 90 | 8 | 81 | &4 S I I I I O O I
clow s w5 w SEIEIEIEIEE
D | 8 |8 | 8|8 |8 |9®B D | WA | M BN B B B
B | s | w o |8 ® |0 TEIEIEIEIEIE
F |8 | 79|88 |8 |8]8 FOLER S ERE|ER |8
G | 87 | 8 | 8 | 8 | 8 | 87 G |33 | B3 | 83|82 | 82| &3
H | 77| 92 | 87 | 8 | 87 | 76 H | J3 |34 |22 |28 | 82 | 24

<# 13> & - 458 24 9 - Sl QIAIEA

- 35 A At D6, H2 5ol 92, 9371 UiA0A FHsHA ugkou SI QIARZA oA =&
DAE7t2 4ot AErE JiAl= Qth o] AEL RjoZEsto] SI QApEAGE fAA GO
2 2207 XNst¥ Y backcrossE Aldfstact,

(2 S8 x S189] 454 B4 U SI AAHLY A

N4| 1] 2| 3] 4] 56 N4| 1] 2| 3] 4] 5] s
A &7 |74 |82 |7 | Al s |8 |8 |8 |s |8
B 96 _ 33 74 B 8 | 8+18 |8+18 |8+18 |8 8
c lo |8 |7 | 76| 74| 75 C g |8 |s |8 |ss
D | 88 |8 | 78| 3|8 |7 D |8 |8 |88 |88 |8 |88
E 91 74 | 81 77 39 33 E |8 8+18 | 8 8 8 8+18
BEIEE EIERE F |88 |8 |88 |8 |88 |8
G | 2| 3|37 G | 818 | 818 |88 |88 |8 |8
H | 68| 77| 79| 7 | 8 | s4 H | 818 |88 |88 |8 |88 |8
<E 14 H - 45 BA o - gl gIxlEA

- e A A Aol =1 Sl RREAO|A Hetero #QI B2, B3, B4, F3 7iAl§ Z&o
2 Meetd 1l backcrosss A8¥stRch

(U]') S18 x 88_] 1‘}5 _H‘L_I\ al SI OIK]- ]\.] 7‘_:!:]_?}

N



NL5 | 1 2 3 4 5 6 NL5 | 1 2 3 4 5 6
A X | X | X A 18 | 18+8 | 18+8 | X X X
B 96 86 X X X B 18 18 | 18+8 | X X X
C 0 79 | 83 X X X 0 18+8 | 18 X X X
D |70 | 74 X X X D 18 | 18+8 | 18 X X X
E 7| 81 78 X X X E 18 18 18 X X X
F 66 | 84 | 78 X X X F 18 18 | 18+8 | X X X
G 78 | 771 | 73 X X X G | 18+8 | 18+8 | 188 | X X X
H | 8| 76| 7| X | X | X H 18 | 18+8 | 18+8 | X X X

<& 15 % - A5 w4 $ - SI QIAREA
- 4Ed B4 A Fs/dol =1 SI UAREAOIA Hetero @91 A2, A3, B3 7JAIE ZEo=s
st backCFOSSE Ao sttt

- S18 x S8 A& backcross GAOA et dol WERYZ] ARSI SARSE WA ekt
("h) S5 x S89] Ak BA 4 G QRHEA At

NL6 | 1 2 3 4 5 6 NL6 | 1 2 3 4 5 6
A 73 |75 |65 |69 | X A 5 8 8 8 X
B | 95 |74 |8 |8 |79 [X B 5 5 X
c |0 89 |8 |74 74 | X C 5 5 548 | X
D | 69 77 |81 76 | X D |5+8 |5+8 |5 548 | X
E | 75 |75 |76 |74 |68 |X E 5 8 8 5 X
F | 80 |78 73 |X X F |5 8 5+8 |5 X X
G | 78 |79 |84 |79 |X X G |5+8 X X
H | 76 |81 |73 |68 |X X H |58 |5 5 X X
* 16> & - J5d 24 % - SI IAREA

- 454 2 An 5ol &1 S| AAMEAGA Hetero @9 D2, F3 /HAE 2Eoz A
9519 11 backcrossS X1885t9i .
- S5 x S8 A% £ backcross BAOIN BaHPol e AT SRiE @A oot

() S5 x S19] 454 B4 U ST AxEA Az



NL7 1 2 4 5 6 NL7 1 2 3 4 5
A 84 82 | 87 | 89 A| 5| 5 |[51]51] 5
B | o5 | 18 | 84 B 541|541 | 5 | 5
c | o |8 | & C 51| 5 | 51| 5 |5+
D | 3|7 | % D | 5 |51 |51 ] 5 |5+ |5+
BEl EIEEEIE E |51 |5+ |51 ] 5 |51 ] 5
F | & |83 |8 |88 |19 F | 5+1 | 5+1 5 | 5| 5
SEEEAEEEE B3 G| 5 |541] 5 | 5 |51 ]51
H | 2| 8|8 | 8|87 | 84 H 5 5 | 5 | 5
@ 15 5 - 4 A 9 - Sl ARk

o = 753"} }6}%}?—)]0] =1 Sl 9_]7{}_51,__&}01]}\‘] Hetero 3039_] A3, E2, C4, D6 7H7_<ﬂ§ gxRo
2 A5l 1 backcrossS A1385tgict.

(oF) S1 x S59] 454 &4 % Sl AR A At

Nig| 1 | 2] 3] a] 5] 6 ng| 1 | 2 | 3] a] 5] 6
A 2 | 87| &5 | 82| 8 Al 1 |51 |1 |15 155
B |9 | 82| 8|88 | s B | 1 |1 |15 |15 [1+5 |15
c o N s | 6 | 77 c 15|15 |15 |1 | 145
D |80 |85 |43 | 8 | 8 | 79 p |1 |1 |1 |15 [15 |15
E |83 |79 |80 |79 ] 72| E |1 |1 |15 |15 [1 |15
F | 81 | 77 80 | 82 | 4 F |15 |1 |1+5 |1+5 |1+5 | 145
G | 8] s 84 | 83 | 7 G |1+5 |1 |15 |15 [1+5 |15
H| % ||| |7 - H |1 |1+5 |155 |5 |1 |15

18 T - A B 9 - Sl QR

gol =1 SI AARZA oA Hetero QI C2, CIHAIE 2oz A
Sl
[e)

(3) 4xP 9= backcross ¥ Background selection markerof 2]st 7j&] A

ARPA S backcross: 3APEEO] 87} AE & SI QMo EUstA U NL1(S24xS4),
NL2(S4xS24)5 A gt 670 AlsolA Add 714l FolA RAA daidol Ald =2 2748 222
2 AAstel backcross® AWste] BCFI WA AAstich F0pb we A
NL3(S1xS7+12), NL4(S8xS18), NL5(S18xS8)L of=of AjutEsto] Background selection
markero] gt 7jA| MY ¢kEston, ofroi HAU= Jfx|2 backcrosss %lejsto] BC3F1
SAVMA] RlSgstdt. @A) weizt gaEo] FAF AR Fo] A4 22 ROVt 22 Aled
NL6(S5xS8), NL7(SHxS1), NL8(S1xSh)& 7F&o m&Esto] Background selection markero] 9]st
AR s gaoidon, X wejR2oz A oot



Ao AL2E Opis 3hdEel SISt 967 SNPOIZIZ A18sqln BEO| Ak 48HS s
T}. Background selection marker 24 ZAuS vjeto g S OlAEA ObAHE o] &5ty A7F=E3

O1xt9] Homo E+= Hetero oJF5 WASHYE T Background selection marker 24 ZAyt &
&0l =2 AL SI QIRRZA! i} Heterozygous ¢l 7HAlE 202 Adstol 2HE

[4backcrossg A4 As3 ojAolct. i} B4 Aste crewt 2t

=2 3 o xR
_},h_IZi ox.

(7H NL3( S1 x S7+12)2] 54 B4 9 SI ARHEA 23}

NL3 1 2 3 4 5 6 NL3 1 2 3 4 5 6
7+1 7+1 | 7+1
A 96 83 88 81 87 |91 A 1 1 1
2 2 2
7+1 7+1 7+1
B 65 86 85 | 88 86 88 B 1 1 1
2 2 2
7+1 7+1 7+1
C 0 88 88 87 83 C 1 1
2 2 2
7+1 | 7+1 | 7+1 7+1
D 86 86 89 83 85 83 D 1 1
2 2 2 2
7+1 7+1
E 90 89 88 | 84 85 91 E 1 ) 1 1 5 1
7+1 | 7+1
F 88 89 84 88 90 | 88 F 1 1 ) ) 1 1
7+1 | 7+1 7+1
G 91 86 85 91 86 G 1 1 1
2 2 2
7+1 | 7+1
H 88 |90 88 H 1 1 1 1
2 2
<® 19 # - A5 A & - SI QUAREA

- NL3: 3R Ajmssto] SI AxkAnt jAgsto] Hetero F9l 7HAE REOR Misio
backcrossE Zlsistth BC2F1 AlTjofA] L¥bAlQl backcross BOh= T4 =2 AsdE& Y

e 9l

- A8 24 A% AEdol w1 Sl ARREHIA Hetero g9l G4, Hb 7HAlE ZEo=

2

24 9 S| Axtey 2



NL4 1 2 3 4 5 6 NL4 1 2 3 4 5 6
8+1
A |96 86 82 85 88 83 A 8 8 8 8 8 g
8+1 8+1 | 8+1 | 8+1
B |57 79 | 87 84 | 81 B |18 8
8 8 8 8
8+1 | 8+1 | 8+1 | 8+1 | 8+1
C 85 78 85 79 C
8 8 8 8 8
8+1 | 8+1 | 8+1 8+1
D 83 |80 84 | 89 76 D 8 8
8 8 8 8
8+1 8+1 | 8+1 8+1
E 86 87 83 86 51 74 E 8 8
8 8 8 8
8+1 8+1 | 8+1
F | 81 88 91 |82 74 F 8 8 8
8 8 8
8+1 | 8+1
G 90 77 | 85 81 85 90 G 8 g q 8 8 8
8+1
H 78 | 83 88 81 77 79 H q 8+18 8 8+18 | 8+18 | 8+18
<® 20> - AEH BA < - S ARREA

- NL4&= BC2ZF1 AthollAql U¥HAQl backcross Hthe Tha =AU vt s UEUL
ATt 22jal SI QIAFF Homo Q1 7HAl= 90, 91 50| QUA|RF Hetero Q1 7§Al= BCIF1AH L}
719 FARRE AsdS UEUAL

- A A 2 AEdol =1 SI QIAREA A Hetero <l D3, Fb ZjA|E 2oz AE
5} backcrossS AIdisH T}

(ch) NL5( S18 x S8)9] 454 24 L SI QAL 2

NL5 1 2 3 4 5 6 NL5 1 2 3 4 5 6
18+ | 18+ | 18+
A 96 90 91 86 87 A 18 18 18
8 8 8
18+ | 18+ | 18+
B 55 86 88 88 90 B 8 18 18
8 8 8
18+ 18+
C 86 89 89 89 C 3 18 18 g 18
18+ 18+ 18+
D 87 91 86 88 86 83 D 18 18 18
8 8 8
E 89 93 94 93 88 90 E 18 18 18 18 18 18
18+ 18+
F 89 87 92 89 83 89 F 18 8 18 18 3 18
18+ 18+ | 18+
G 90 88 91 82 91 G 18 18 18
8 8 8
H 91 88 82 87 87 86 H 18 18 18+8 18+8 18 18+8
<E 20> & - AEA BA © - g1 QIRpRA

L w

- NLb& BCZF1 AthollA] 2¥HAQl backcross Hthe Tha &2 A5/de UEUL Sltt. S
AX7F Homo ¢1 7HAIE 93, 94 5ol QAT Hetero 91 7HAl= 90, 91 2 UERYL Q.
- A w4 AW Aol =1 Sl AAREA A Hetero d¢ C5 G4 5 VIAE 2oz



Asto] backcrossE 19851
(2D NL6( S5 x S8)9] 45/ w4 2 SI ARREA Azt
NL6 | 1 2 3 4 5 6 NL6 | 1 2 3 4 5 6
A 96 84 81 81 81 81 A 5 5 5 5 5+8 5
B 51 77 90 86 B 8 5+8 | 5+8 | 5+8 5 5
C 74 77 82 79 C 5+8 5 5+8 5 5+8
D 88 89 80 86 70 83 D 5 5+8 5 5 5+8 | 5+8
E 78 94 81 87 86 88 E 5 5 5 5 5 5
F |87 80 | 79 |80 88 | 82 F |5+8|5+8|5+8 | 5 5 | 5+8
G 87 82 - 83 72 90 G 5 5 5+8 | 5+8 | 5+8 5
H 90 86 81 88 86 88 H 5+8 | 5+8 5 5 5 5+8
<E 22> 3 - B5H B 9 - Sl QR

- NL6Y BC2F1 Aol 2¥rAQl backcross BECt:= ChA =2 At=AS Jelj1 Qich 2]
T SIOIA}7F Homo © 7JA1= 90, 94 So| 9Ix]ut Hetero 91 7R&|= 90, 91 2 UERJw 9ok,
- A=A B A AF=Ao] =1 S QIXFEAM|A Hetero &9 B3, G3 & 27jA|S& REOo=Z
Mersto] backcrossE %188& of A o]t

(@) NL7( S5 x S1)0] AFEA B o S QIA}ELA Az}

NL7 1 2 3 4 NL7 1 2 3 4 5 6
A 96 92 92 93 A 5 5 5 5 5+1 5+1
B 69 91 85 92 B 1 5 5 5 5+1 5+1
C 90 92 92 C 5 5 5 5+1 5+1
D 88 87 89 87 D 5 5 5 5 5+1 | 5+1
E 86 88 89 92 E 5 5 5 5 5+1 5+1
F 88 94 88 89 F 5 5 5+1 5 5+1 5+1
G 87 93 92 88 G |5 5 5 5+1 5+1
H 88 87 90 88 H 5 5+1 5 5 5+1 5

<E 22> B - BEY Y 9 - S QIApEA

- NL7%= BC2F1 M|tholA d¥EQl backeross BChe tha =2 A54d< uUehfn ot Sl
o117} Homo ©1 7A= 93. 94 o] Jx|u} Hetero ol 7§A= 90, 91 2 UFEFJT 9t}

- A=A BA At AA=Ao] =1 S| CIXFEAo|A Hetero 391 B5, G6 S 27[AS mEO=Z
Mrsto] backcrossE Ald§at o Aolct,

(uh) NL8( S1 x S5)2] 54 ¥4 ¢ SI IxpeA Azt



NLS 1 2 B 4 5 6 NLS 1 2 3 4 ) 6
A |96 9 g 91 90 92 A |1 1+5 | 1+5 |1 1 1
1+
B |68 90 » 89 | 96 | 93 B |5 1 - 1 1 1
C » 95 | 89 | 91 | 90 C 1+5 |1 1 1 1+5
1+
D 95 95 | 89 | 91 D |1 - 1 1 1 1+5
E » - 87 | 88 E |1+5 |1+5 | 1+5 | 1+5 [1+5 |1
1+ 1+
F ® 96 o 90 | 87 F 1 1+5 1+5 | 1
5 5
1+
G » 89 87 | 88 | 89 G |1+5 |1 - 1 |1 1
1+
H ” 92 ® 95 | 89 | 90 H |1 ! . 1 |1 1
< 23> 3 - FH B 9 - Sl AR

- NL8+= BC2F1 AtjolA ¥8FAQl backcross BEO= 01¢ =2 A4S Usfiiy Qo 12
1 OE AsEY vludle =2 58S e o
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- 3JAIH : South Pacific Seeds (NZ) Ltd
24 ¢ P.O. Box 113, Methven, New Zealand
A=A ¢ 64 3 302 8115 Fax: 64 3 302 9040

email : nzoffice@spsnz.co.nz

Web : www.southpacipicseeds.co.nz



- 3JAFY : AB ANNAND Seed Services, Ltd.

- &4 : Crnr. Waterholes &Weedons Rd, RD 5, Springston, Christchurch, New
Zealand

- HA=t& ¢ +64 3 325 2020, Fax + 64 3 325 2828

- email : ABA@abannand.co.nz

- 3JAIH : Seed Production Australia New Zealand Co Ltd. (SPANZ)
- 24 Centrum Lane, I Zone Rolleston Christchurch New Zealand
- AH2rA : +64 274354055 Fax: +64 3636663

- E-mail : stephen@spanz.co.nz

- Web : www.spanz.co.nz

- 3JAFY : Smith Seeds Ltd.

- &4 : PO Box 358 Ashburton New Zealand

- H=t& 64 (3) 308 2700 Fax: +64 (3) 308 2705
- E-mail ! info@smithseeds.co.nz

- Web : www.smithseeds.co.nz
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3]AIH : Anseme S.p.A.

4 Via Cipro 60, Cesena 47023 Italy

E-mail : anseme@anseme.com

Tel : +39 (0547) 382121 / Fax : +39 (0547) 384451

Web : www.anseme.com

3]AHY : De Corato Sementi SRL

2 Via Corato 195/3, 70031 Andria (BA) Italy
E-mail @ info@decoratosementi.it

Tel : +39 0883 541042 / Fax: +39 0883 542883

Web : www.decoratosementi.it

S|AIH : Zagaria F.lli Sementi

24 1 Via Pontano, 82, 76123 Andria (BT) - ITALY
Tel/Fax : 0883 291757

E-mail : info@zagariasementi.com

S]AlYE : SUBA SEEDS COMPANY S.r.l

Z~A @ Via Emilia, 1818 , 47020 Longiano (FC) Italy
Tel : +39 0547 56191 / Fax: +39 0547 56285
E-mail : suba@subaseeds.com

3|AMY : S.ALS. Spa

24t Via Ravennate, 214, 47023 Cesena (FO) , Italy
E-mai 1! sais@saissementi.it

Tel : +39 547 384250 / Fax: +39 547 384089

Web : www.saissementi.it



- 3JAMY : Cooperativa Agricola Cesenate(C.A.C)
- 24 : Via Calcinaro, 1450 - 47521 Martorano di Cesena (FC) (ITALY)
- Tel. : +39 547 643511 / Fax : +39 547 383417 - 0547 381002

- E-malil : cac@cacseeds.it
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15 YRI13 45 + 0.7 o] v A
16 YR14 50 + 0.0 ol ¥ A
17 YR15 38 + 04 ol¥ A
18 YRI16 47 + 06 o]
19 YR17 46 + 1.2 ol® A
20 YR18 50 + 0.0 o] v A
21 YR22 1.8 + 1.1 T ALA
22 YR29 1.0 + 09 A4
23 YR31 06 = 05 A g
24 YR35 1.2 + 1.0 = A A

L. O AEoA AlE39 AZY 120 23 RAL

N7, wix, JuilF, EotE, 538 22|31 WEME Alz5E0] EHEY B2 d4=0] &
SHE] 3 QITHCole et al. 2013, Diener et al. 2005, 2013, Shen et al. 2013; Motoki et al.
2014; Lv et al. 2014; Sarfatti et al. 1991, Guus et al. 1998, Catazariti et al. 2015,
Yvonne et al. 2016; Mauricio et al. 2013, Zhang et al. 2016: Joobeur et al. 2004). 5}%]
g ARIVER] FolA el AlE38 A fAAMl gist At olojste RolN Y AlESE AT
d RN obA] P4l Aol gith. thE Al e Ale2 AT fAAM dist FEet U
29| F dloJgH|o]A0A blastE &l th& AlZAAY Ale38 ALY A= dEshe
S X A= Ae]stIch (http://bioinfo.bti.cornell.edu/cgi-bin/radish/index.cgi:
http://www.radish-genome.org; http://www.nodai-genome-d.org;
http://radish.kazusa.or.jp). AS24% A3 SAA= 37| NBS-LRR (Nucleotide Binding
Site-Leucine Rich Repeat), LRR-RLP (Receptor Like Protein), SRLK (S Receptor Like
Kinase)2 Y oXIC},

L2 SEA AN 9 2sA dutol P ¥ An Bxobd g
E A= RGAs(Resistance Gene Analogs)S ©o]835to A3 &F 7o =& F1AF sof

¥t RGAT AAR] A RAALR, ol HEH =Hli #+25 2ty QltH(Sekhwal et
al. 2015). tfEA 9l RGAE= FA nucleotide binding site-leucine rich repeat(NBS-LRR)Q}
transmembrane-leucine rich repeat(TM-LRR)Z UWHRojXItHSekhwal et al. 2015).
NBS-LRRE t©}x]  toll/interleukin  receptor(TIR)-NBS-LRR(TNL)?t non-TNL/coiled
coil-NBS-LRR (CNL)Z U*ojXlti{Hammond-Kosack and Jones 1997). TNL1} CNLE& G4t
AREL /I H AR Al (effector triggered immunity: ETIo] &3t o]52 &5 Az UoA
A QA HHRAS =g g YrSSHHChisholm et al. 2006). TM-LRR 9A] THA] receptor
like kinase(RLK)2} receptor like protein(RLP)2 WojXlthHammond-Kosack and Jones
1997). RLKQ} RLP+= 1fj&iolAlt¥i Al (pattern recognition receptors; PRRs)ZA], o]&& ©HY
/0= A BEX 18§ (pathogen/microbe associated molecular pattern: PAMP/MAMP)
OlAl5 HAdure-S xSt} (Chisholm et al. 2006).
A9 ZrE FoA AlE3% #H RGAE F2dte Zak Z1oF #d™ RGA Eo] A&
D5t o]t} degenerated primerE ©]&sto] Al 79 & AAAE 2R E RGAVL el
Atk RGASl 224t MEZ =RIgh H, o|& Hlu A a7 Alegs 242 sttt ol&
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9] SRLK R7Atel et RAMd S Bt (& 29).
2 g5 z oy 1 o o ) =] Sl o< e Q = 2
ol Bofl Ale3% & F AREoezRE ¥ AP SAAR] NBSeF SRLK domaing €
5 = s & O =0 =2 Al & A O
H5tla o] F o] &dll & RAAES WolE Hn & 4 A HUoh
<# 28> NBS RGAL} 42 AlZoA 9 A fAIA
RsRGAs The sequence with high similarity GenBankacceession no. % identity) E-value
NBS_B2-1 NB-ARC  domain-containing disease resistance protein [Arabidopsis thaliana) NP_192674.1 76% 8.00E-78
NBS_B2-2 PREDICTED:  putative disease resistance protein At4gl1170 isoform X2 [Brassica napus) XP_013698498.1 87% 3.00E-101
NBS_B2-3 PREDICTED: disease resistance protein RML1A-like [Raphanus sativus] XP_018443512.1 99% 5.00E-114
2.00E-1
NBS_B2-4 PREDICTED: TMV resistance protein N—like [Brassica napusl XP_013727071.1 91% 06
0
. . . . . X . . 2.00E-7
NBS_B2-5 NB—-ARC domain—containing disease resistance protein [Arabidopsis thaliana) NP_192674.1 75% 7
. . . . . . . . 7.00E-7
NBS_B2-6 NB—ARC domain—containing disease resistance protein [Arabidopsis thaliana) NP_192674.1 76% 8
N . . . Lo X 6.00E—-1
NBS_B2-7 PREDICTED: disease resistance protein RPS6—like isoform X2 [Brassica napusl XP_013650262.1 95% 10
N . . . s . 4.00E-1
NBS_B2-8 PREDICTED: disease resistance protein RPS6—like [Raphanus sativus) XP_018441634.1 98% 19
PREDICTED: putative disease resistance protein At4gl1170 isoform X3 [Brassica . 3.00E-9
NBS_B2-9 XP_013698499.1 85%
napus) 7
. . . . . . . . . . 1.00E-7
NBS_B2-10 NB—ARC domain—containing disease resistance protein [Arabidopsis thalianal NP_192674.1 74% 4
. . . . . 1.00E-1
NBS_B2-11 PREDICTED: disease resistance protein RML1A~like [Raphanus sativus) XP_018443512.1 99% 1
. . . . . X . . 1.00E-7
NBS_B2-12 NB—ARC domain—containing disease resistance protein [Arabidopsis thaliana) NP_192674.1 76% _
{
. - . . . ) . . 3.00E-7
NBS_B2-13 NB—ARC domain—containing disease resistance protein [Arabidopsis thalianal NP_192674.1 75% 6
N . . . . , 2.00E—-1
NBS_B2-14 PREDICTED: disease resistance protein RML1A—like [Raphanus sativus) XP_018443512.1 98% 10
. L . . . . . . N N 1.00E-7
NBS_B2-15 NB—-ARC domain—containing disease resistance protein [Arabidopsis thaliana) NP_192674.1 76% 7
- . . . . . . X . . 1.00E-7
NBS_B2-16 NB—ARC domain—containing disease resistance protein [Arabidopsis thalianal NP_192674.1 76% 7
. . . . . 2.00E—-1
NBS_B2-17 PREDICTED: disease resistance protein RPS6—like [Raphanus sativus) XP_018441634.1 97% 13
PREDICTED: LOW QUALITY PROTEIN: putative disease resistance protein 4.00E-9
NBS_B2-18 . XP_013588752.1 88%
At4g11170 [Brassica oleracea var. oleracea) 3
1.00E—-1
NBS_B2-19 PREDICTED: disease resistance protein RPS6—like [Raphanus sativus) XP_018441634.1 99% 18
PREDICTED: LOW QUALITY PROTEIN: putative disease resistance protein 8.00E-9
NBS_YR15-1 . XP_013588752.1 88%
Atdgl1170 [Brassica oleracea var. oleraceal 4



NBS_YR15-2

NBS_YR15-3

NBS_YR15-4

NBS_YR15-5

NBS_YR15-6

NBS_YR15-7

NBS_YR15-8

NBS_YR15-9

NBS_YR15-10

NBS_YR15-11

NBS_YR15-12

NBS_YR15-13

NBS_YR15-14

NBS_YR15-15

NBS_YR15-16

NBS_YR15-17

NBS_YR15-18

NBS_YR15-19

NBS_YR15-20

NBS_YR15-21

NBS_YR15-22

NBS_YR15-23

NBS_YR15-24

NBS_YR15-25

NBS_YR15-26

NBS_YR31-1

NBS_YR31-2

NBS_YR31-3

NBS_YR31-4

NBS_YR31-5

NBS_YR31-6

NBS_YR31-7

NBS_YR31-8

NBS_YR31-9

NBS_YR31-10

NBS_YR31-11

NBS_YR31-12

NBS_YR31-13

NB—ARC domain—containing disease resistance protein [Arabidopsis thalianal

PREDICTED: disease resistance protein RPS6—like isoform X2 [Brassica napusl

PREDICTED: disease resistance protein RML1A-like [Raphanus sativus)

PREDICTED: putative disease resistance protein Atlg63350 [Raphanus sativus)

PREDICTED: putative disease resistance protein Atlg63350 [Raphanus sativus]

NB—ARC domain—containing disease resistance protein [Arabidopsis thaliana)

PREDICTED: disease resistance protein RPS6—like isoform X2 [Brassica napusl

PREDICTED: disease resistance protein RPS6—like isoform X2 [Brassica napusl

PREDICTED: putative disease resistance protein Atlg63350 [Raphanus sativus]

PREDICTED: putative disease resistance protein Atlg63350 [Raphanus sativus)

NB—ARC domain—containing disease resistance protein [Arabidopsis thaliana)

NB—ARC domain—containing disease resistance protein [Arabidopsis thaliana)

NB—ARC domain—containing disease resistance protein [Arabidopsis thalianal

NB—ARC domain—containing disease resistance protein [Arabidopsis thalianal

PREDICTED: disease resistance protein RPS6—like [Raphanus sativus)

NB—ARC domain—containing disease resistance protein [Arabidopsis thalianal

PREDICTED: putative disease resistance protein At4gl1170 isoform X3 [Brassica
napus)

NB—ARC domain—containing disease resistance protein [Arabidopsis thaliana)

PREDICTED: LOW QUALITY PROTEIN: putative disease resistance protein
Atdgl1170 [Brassica oleracea var. oleraceal

PREDICTED: disease resistance protein RML1A—-like [Raphanus sativus)

PREDICTED: disease resistance protein RPS6—like [Raphanus sativus)

NB—ARC domain—containing disease resistance protein [Arabidopsis thalianal

NB—-ARC domain—containing disease resistance protein [Arabidopsis thaliana)

PREDICTED: disease resistance protein RML1A-like [Raphanus sativus]

PREDICTED: putative disease resistance protein Atlg63350 [Raphanus sativus)

NB—ARC domain—containing disease resistance protein [Arabidopsis thalianal

NB—ARC domain—containing disease resistance protein [Arabidopsis thaliana)

PREDICTED: disease resistance protein RML1A—like [Raphanus sativus)

PREDICTED: putative disease resistance protein At4gl1170 isoform X3 [Brassica
napus)

NB—ARC domain—containing disease resistance protein [Arabidopsis thaliana)

PREDICTED: disease resistance protein RML1A—-like [Raphanus sativus)

NB—ARC domain—containing disease resistance protein [Arabidopsis thalianal

PREDICTED: putative disease resistance protein At4gl1170 isoform X3 [Brassica

napus)

PREDICTED: disease resistance protein RPS6—like isoform X2 [Brassica napusl

NB—ARC domain—containing disease resistance protein [Arabidopsis thaliana)

PREDICTED: disease resistance protein RML1A—like [Brassica napus)

NB—ARC domain—containing disease resistance protein [Arabidopsis thalianal

PREDICTED: disease resistance protein RPS6—like isoform X2 [Brassica napusl

NP_192674.1

XP_013650262.1

XP_018443512.1

XP_018454444.1

XP_018454444.1

NP_192674.1

XP_013650262.1

XP_013650262.1

XP_018454444.1

XP_018454444.1

NP_192674.1

NP_192674.1

NP_192674.1

NP_192674.1

XP_018441634.1

NP_192674.1

XP_013698499.1

NP_192674.1

XP_013588752.1

XP_018443512.1

XP_018441634.1

NP_192674.1

NP_192674.1

XP_018443512.1

XP_018454444.1

NP_192674.1

NP_192674.1

XP_018443512.1

XP_013698499.1

NP_192674.1

XP_018443512.1

NP_192674.1

XP_013698499.1

XP_013650262.1

NP_192674.1

XP_013664583.1

NP_192674.1

XP_013650262.1

76%

95%

99%

99%

99%

78%

95%

95%

99%

99%

76%

78%

76%

76%

98%

78%

86%

76%

89%

98%

98%

76%

78%

99%

99%

76%

76%

99%

86%

75%

96%

7%

86%

95%

77%

82%

75%

95%

7.00E-7

3.00E-1
09
2.00E-1
14
3.00E-1
16
3.00E-1
16
9.00E-8

6.00E-1
10
6.00E-1
10
4.00E-1
15
4.00E-1
15
7.00E-7

1.00E-7

4.00E-7

1.00E-7

3.00E-1

18

1.00E-8

4.00E-9

1.00E-7

3.00E-9

9.00E-1

11

3.00E-1

18

1.00E-7

4.00E-8

7.00E-1

12

1.00E-1

13

7.00E-7

7.00E-7

2.00E-1

14

2.00E-9

2.00E-7

2.00E-1

12

2.00E-8

4.00E-9

7.00E-1

10

2.00E-8

6.00E-8

2.00E-7

3.00E-1
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1.00E-8
NBS_YR31-14 NB—ARC domain—containing disease resistance protein [Arabidopsis thalianal NP_192674.1 78% 0
PREDICTED: putative disease resistance protein At4gl1170 isoform X3 [Brassica . L N 6.00E-9
NBS_YR31-15 XP_013698499.1 86%
napus) 7
PREDICTED: putative disease resistance protein At4gl1170 isoform X3 [Brassica : , 6.00E-9
NBS_YR31-16 XP_013698499.1 86%
napus) 7
7.00E-1
NBS_YR31-17 PREDICTED: disease resistance protein RML1A~-like [Raphanus sativus) XP_018443512.1 98% 1
3.00E-1
NBS_YR31-18 PREDICTED: disease resistance protein RPS6—like [Raphanus sativus) XP_018441634.1 96% 15
9
1.00E-7
NBS_YR31-19 NB—ARC domain—containing disease resistance protein [Arabidopsis thalianal NP_192674.1 76% 7
1.00E-1
NBS_YR31-20 PREDICTED: disease resistance protein RPS6—like [Raphanus sativus) XP_018441634.1 98% 17
PREDICTED: putative disease resistance protein At4gl1170 [Brassica oleracea . ‘ 1.00E-9
NBS_YR31-21 XP_013587884.1 85%
var. oleraceal 7
8.00E-8
NBS_YR31-22 NB—ARC domain—containing disease resistance protein [Arabidopsis thalianal NP_192674.1 78% 1
NBS-YR31-2  pREDICTED: disease resistance protein RMLLA-like [Raphanus sativus] XP_018443512.1 99% 2.00E-11
o = L= o] O O
< 29> SRLK RGAQ} tt& AlZoXo {FAF FAA}
(% £
RsRGAs The sequence with high similarity gccgesgio%'n ﬁo‘n k :g/t)ent IEueva
SRLK_B2-1 PREDICTED:  G-type lectin S-receptor-like serine/threonine-protein kinase CES101 [Brassica oleracea var. oleracea) XP_013583331.1 91% 0
SRLK_B2-2 PREDICTED:  G-type lectin S-receptor-like serine/threonine-protein kinase CES101 isoform X2 [Raphanus sativus] ~ XP_018432758.1 95% j?%‘
SRLK_B2-3 (I;’I}eraI(D;L(;iI'ED: G-type lectin S-receptor-like serine/threonine-protein kinase CES101 [Brassica oleracea var. XP_013583331.1 92% o
SRLK_B2-4 EII:;EHEL(;IED: G-type lectin S-receptor-like serine/threonine-protein kinase CES101 [Brassica oleracea var. XP_013583331.1 92% o
SRLK_B2-5 EIEE'-BL%FED: G-type lectin S-receptor-like serine/threonine-protein kinase CES101 [Brassica oleracea var. XP_013583331.1 92% o
SRLK_B2-6 E/IZF;;L(;}'ED: G-type lectin S-receptor-like serine/threonine-protein kinase CES101 [Brassica oleracea var. XP_013583331.1 99% 0
SRLK_B2-7 E/EEBL(;}—ED: G-type lectin S-receptor-like serine/threonine-protein kinase CES101 [Brassica oleracea var. XP_013583331.1 92% o
SRLK_B2-8 SIEE:BL%IED: G-type lectin S-receptor-like serine/threonine-protein kinase CES101 [Brassica oleracea var. XP_013583331.1 91% o
SRLK_B2-9 EI':E'BL%IED: G-type lectin S-receptor-like serine/threonine-protein kinase CES101 [Brassica oleracea var. XP_013583331.1 91% f%’%‘
SRLK_B2-10 EIEFEBL(;IED: G-type lectin S-receptor-like serine/threonine-protein kinase CES101 [Brassica oleracea var. XP_013583331.1 92% o
SRLK_B2-11 Z’II:FBEL(;IED: G-type lectin S-receptor-like serine/threonine-protein kinase CES101 [Brassica oleracea var. XP_013583331.1 99% 0
SRLK_B2-12 El':rEa?::aca:irED: G-type lectin S-receptor-like serine/threonine-protein kinase CES101 [Brassica oleracea var. XP_013583331.1 92% o
SRLK_B2-13 EIIZFaI(DNIeC;}'ED: G-type lectin S-receptor-like serine/threonine-protein kinase CES101 [Brassica oleracea var. XP_013583331.1 91% o
SRLK_B2-14 EI}:ZELCJED: G-type lectin S-receptor-like serine/threonine-protein kinase CES101 [Brassica oleracea var. XP_013583331.1 99% o
SRLK_B2-15 g]l:rEagle(;il'ED: G-type lectin S-receptor-like serine/threonine-protein kinase CES101 [Brassica oleracea var. XP_013583331.1 91% o
SRLK_B2-16 E/EFB%L(;}—ED: G-type lectin S-receptor-like serine/threonine-protein kinase CES101 [Brassica oleracea var. XP_013583331.1 92% o
SRLK_B2-17 EIEFaB‘L(;iFED: G-type lectin S-receptor-like serine/threonine-protein kinase CES101 [Brassica oleracea var. XP_013583331.1 91% o
SRLK_B2-18 zl':rEaEc):%rED: G-type lectin S-receptor-like serine/threonine-protein kinase CES101 [Brassica oleracea var. XP_013583331.1 99% o
%RLK_YRlS— EII:,EaELCaIiI'ED: G-type lectin S-receptor-like serine/threonine-protein kinase CES101 [Brassica oleracea var. XP_013583331.1 91% o
;RLK?YRlS— ZEE’-B!—%FED: G-type lectin S-receptor-like serine/threonine-protein kinase CES101 [Brassica oleracea var. XP_013583331.1 99% o
gRLK_YRlS- E;E/B;?TED: G-type lectin S-receptor-like serine/threonine-protein kinase CES101 isoform X2 [Raphanus XP_018432758.1 90% o
SRLK_YR15- PREDICTED: G-type lectin S-receptor-like serine/threonine-protein kinase CES101 [Brassica oleracea var. XP_013583331.1 92% l,oo;-;
4 oleraceal 164
gRLK?YRle E/EFB%L(;}—ED: G-type lectin S-receptor-like serine/threonine-protein kinase CES101 [Brassica oleracea var. XP_013583331.1 92% o
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