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& Lettuce(Lactuca sativa L.)

© Lettuce
» Lettuce is 3 member of the family Asteraceae(Compositae), a diverse greup
of plants with a global distribution
+ Cultivated lettuce(lactucs sativa L)
+ Wild species(Lactuca serriola L. Lactuca saligna L. Lactuca virosa L. )
© Morphological type of lettuce (Kristkova et al, 2008)

Number of PVP
in vegetable crops

Pepper {163}
Chinese cabbage (126)
Radish (74)
Lettuce (63)
Watermelon {47)

Crisphead Leaf Romaine{Cos)

b [wir | =

Butterhead Ratin Stem

MVariety Identification (1.Morphological characteristics)

Variety: expression of the characteristics resulting from a given
genotype of combination of genotypes (UPOV 1991 Act, Article 1, vi)
© Requirement of PVP

= Distinctness : Clearly distinct compared to the similar variety

» Uniformity : uniform per every individual

« Stability: uniform per year or growing cycle

© DUS test : Long time and labor intensive, influenced by environment

(Candidate variety :Simiar variety)
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nr f“. ¥
M Variety Identification (2. DNA analysis)

© DNA marker : A short specific DNA sequence with a known
location on a chromosome wrTool for testing difference of DNA
sequence

© Variety identification using difference of DNA sequence

© Independent from the environment, year, growth stage, easy to
impartial observer

@ Difficult to practical use due to the low correlation between

genotype and phenotype

I(,Ii ' = W

Al TN -

Er I.-‘i ;
Mﬁnssible Application Models of DNA Markers in UPOV

@ Application models of DNA markers in DUS test

= Option 1 : Use of DMA markers directly linked to characteristics (gene-
specific markers)  eqg. dizease resistance characteristics

= Option 2 : Calibration of threshold levels for molecular characteristics

against the minimum distance in traditicnal characteristics

= Option 3 : Use of DMA markers as threshold levels for judging
distinctness = Mo consensus

= Option 4 ©  Combining phenctypic and molecular distance in the

management of variety collections
o 2011
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ﬁ BMT Guideline

@ Molecular marker selection

= Reproducibility of data production between laboratories and
detection platforms (different types of equipment)

= Repeatability over time

= Discrimination power

= Possibilities for databasing

= Accessibility of methodology

Simple Sequence Repeat (SSR)
Single Nucleotide Polymorphism {SNP)

& Two Types of SSR Markers

© SSR markers : Different number of repeats in microsatellite
regions e.g. (AT)iz (TCM12

DNA #* Genomic-SSR
(DNAsequence)
© Level of polymorphism
______ : EST-SSR < Genomic-S5R
-------- RNA = EST-S O Expressed portion of the genome
S ----E'C?i\'.\sequame) - EST-SSR > Genomic-SSR
© Interspecific transferability

: EST-SSR > Genomic-SSR
© Development easiness

: EST-S5R > Genomic-SSR

Varshnay et 2l 2005
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- M. Literature Reviews : Variety Identification of Lettuce
% ) using DNA Markers

Waycott and Fort, 1992

identification
of lettuce

Uuatal 2012
7 =055

Simiko, 2009

EST-SSR . =i oom

Van da Wisl ot 2 1933
Rauschar atal 2013

© Difficult to exact allele size due to the poly acrylamide gel analysis

© Limited SSR marker information

© Low correlation between DNA markers and morphological characteristics

" ;k ﬁObjectives and Experiments

Objectives

= To develop EST-SSR markers of lettuce(laciucs sativa)

= To investigate applicability of EST-SSR markers to DUS test

Experiments

= Experiment 1 . Development of EST-SSR markers

= Experiment 2 : Variety identification and DMA profile database
construction using EST-SSR markers

= Experiment 3 : Distinctness test of lettuce and correlation

between EST-SSR markers and morphological characteristics
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| n{{ Materials and Methods
. Experiment 1. Development of EST-SSR markers

+ Software : CAP3 (Huang and Madan, 1999)

(3 SSR detection

* Dife times repeaf), Tri(5), Tetra(5), Penta(d), Hexa{d)
* Software : MISA (httpy//pgreipk-gaterslebende/misa/)

(@) EST-55R primer design

* Parameters : 18-27 nuclectides with product size 100-300bp,
annealing temperature of SPC-60FC GC content 20°C-80°C
» Software - Primer3 (Rozen et al, 2000)

,‘ " Experiment 2. Variety identification and DNA profile
«  database construction using EST-SSR markers

Classification SSR marker selection * SSR profile database

Varieties 8~23 varieties I 156 varieties + 16 germplasm
352 primers
. IHigh reproducibility and peak|
Primer Searched markers(81) + clearanca
This study markers(271)
Genotyping e Genetic analyzer{ABI3130x])
silver staining

+» Level of polymorphism

- Polymorphism infermaticn content{PIC) {Anderson e al, 1993)
+ Genetic relationship

T MTSYS-PC version 2.01(Rohlf 1998), Jaccard's coefficient

+ Blast analysis between markers and proteins
D BLASTX (Altschul et al, 1990)

Data analysis
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s Experiment 3 : Distinctness test and correlation between
¢ EST-SSR markers and morphological characteristics

@ Varieties : 7 group containing 16 varieties(genetic similarity 93~1009%)
(2 Field and year : Suwon, 2011 & 2012(2 years)

(3 DUS test : 29 traits among 33 leaf traits
@ Breeder’'s DUS test (Blind test)

= Kwonnong (1), Nongwoo (1), Asia (2): breeder 4 peoples
S

(& Correlation between EST-SSR and morphological characteristics
* Use of 30 EST-SSR markers result
* NTSYS-PC version 2.02 (Rohlf 1998), Mantel (1767) matrix

o ;g Results

<Experiment 1>

Development of EST-SSR markers in Lettuce
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L b: Assembly of EST Sequence

R SPTIP v

© Sequence alignment after download EST data of lettuce

41,609
3 singleton
L. sativa 9
81,330 EST uences
2011 ) $|e\q 8,452
L) CAP3 .
(Huang and Madan, 155%) contlg

\ ?Y‘ SSR Detection of EST Singletons

st
@ Summary of the /n silico search for EST singletons sequence
for SSR in lettuce(l. sativa)

Parameters used in screening Data generated by MISA
Total number of sequences examined 41,609
lnlz%hTﬂtﬂl number of identified SSRs 4229 [100%)
Dinucleotide(2) 1256 (29.70%)
Trinucleotide(3) 2500 (5912%)
Tetranucleotide4) 87  (2.06%)
Pentanucleotide(s) 106 (2.51%)

Hexanucleotide(s) 280 (6.62%)
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ﬁ& SSR Detection of EST Contigs

@ Summary of the /n silico search of EST contigs sequence
for SSRs in Lettuce(/l. sativa)

Parameters used in screening Data generated by MISA
Total number of sequences examined 8,452
9.5%T—)Tntal number of identified SSRs 807  (100%)
Dinucleotide(2) 266 (32.096%)
Trinucleotide(3) 455 (56.38%)
Tetranucleotide(4) 13 (1.61%)
Pentanucleotide(s) 31 (3.84%)
Hexanucleotide(s) 42 (5.20%)

ﬁﬁ Nucleotide Frequency of SSR Repeat Motifs

@ Mumber and frequency of major repeat motifs of EST-55R in lettuce

Dinucleotide # EST-55R dinuclecotide frequency

. GA/CT=AT {Margante et al, 2002)

Trinudeotide ¢ EST-55R trinucleotide frequency

- ABG(Li et al, 2004), CCG{varshney et al, 2002)



BMT/14/13 Rev.
Annex, page 10

?\Fr EST-SSR Primer Design

© MNumber of primers and SSR motifs designed from SSR sequences

using primer3 program

55R seguences source

Primer

design

S5SR motif

Singleton

4,229

=5hR

471

Contig

a0y 35R

710

Total

1.131

I\\# SSR Markers from EST Singleton SSR

b
@ Description of 15 EST-SSR markers among 471 EST-SSR
markers developed from EST singletons of L. sativa.

Moo Pomer came £S1 0D st Mot Forwund prmer dwewren o oot e

1 HE- =it R CACTACTOCATT TCATOOTA GTICATTOOCARATDCAGAT 170

- - DS IS (ASG I temEGAT Y GOTAAGAATGADSAAGATSA  AACTOOCCACIGGTAGTCAC 71

CESSSSTATTETGTATATATITA

I HE OLE510E4 (TCR — ADGADGAGT AGGATOGGEITT 145

ER- | oSS (ToE TEGTCTTCATACTCAGGGEST  COTTOTTGGGAGAGASATIS 5L

5 MR CLS5I2 (TCR GEGATCACDICARRACACART  AGGGGEAAGT GEARTAAIAS 155

L - OLESIE (TTTIE TGITTAATCTOGAGITTATONT  ATGTGODTACAAGGASGATA ]

T MEeE CLESITSEE (S CTCTCOCTOGASOGTTTTCT CTTSSSAGSASSAATTEEARS ™

T MR DEE TG (ASTTRAGE ATCATOGETARGGOREAAST  TACAACTGOGTTGOSTEETE T
(ARG ARG TR SRR,

I - e, ATSAASASSAAGTISAASAS GTATOOSGTASDTATTAATA ™

L CLESITEE (GASTE GEARDCARAGGAGGAAATTA  CTACTAARADSTOGOSSITAG -

1 MR- oSV (TTMgACE SOSSSOSATOZATATITATA  TTTSSTTOSSTSTOSTTTET 113
AT G SR G A

- | o ACGASGATGACGATGAAGTA  ASCAAGOCCTTCAATTTONG 2m2

1 M- OLSAERIT (GT1 CTGGIATGATGIAGAGETTT TGADTARSATGOTITCATGT ™

15 MR- OSUEE (TCEgomig AT TCTGATODDAATAAGGOCTATE AACAAGAGGTSEGETTGAGS zm
(TS coacoct guRtocion:

LI COSVEDTT pmptagmccotgtigmgnctT  GOTTTGOCASATOSATIAAS  TGAGAGGATTCAAGSETGSA o

ACTT
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[ T .

@ Description of 15 EST-SSR markers among 710 EST-SSR

" 0
‘Yl SSR Markers from EST Contigs SSR

markers developed from EST contigs of L sativa.

Mz, Pemeemama  Costg [0 Sesen metd Cmeyam zemae TasaTa T Pt mTe
M3 = caTE ATOCCTCCTCACATGECTTC TETCTAT Ira
2 WELCS AZS (EETE TEEEEEAACAT A ARAZAT ACTTOOGACCADCARTAZGS pi-t
i HES AN TR TOCETCATTTTGETCAATID Emm R
= WELCE AT e TATCARCGCAGACTRICCAT STTOCTTCTTCADRGOCTTC vy
k] HEST A4 -t ECTTTETTTATEETEEtaTA TARAGLGCAATGEETATTGS ]
L] Ty | B cnr AAATTIGTCACTCCCOOCTOC GLARAGTGIARARACTACICA =
e et L ]
T KELCG i GG GGG G GERASTTTCA TEOGATT CTTOCGETTCCAGTTOCAGT -
OGRS R G AT TEA
a W10 ] (CaCSE TOOGATACCAAATTCOOCTC CACGGATATOSGAGEAATCA ==
5 WELC-1 A oS TEEICTOCTARRRASCATIAR TETTGTAGIIICAGLARICTAR =
10 WELC-12 AL ATAE TAATSSETTRCATTICITICA TOSSETETCTRATSITTRAT 2
WELC-1E AL oCAE AT EOGARCARGEATTTTA TECAROCTTTTITIOOCCTTTT ih.rd
12 WEUC-1S - a1 TECTATORATCOCTCTOOCT GAGOCETAGOCACTAGGTOC m:
M-I -+ moa AARRCATGOCAGETCAZCAD AGTCTESARSTTGEITRAAT =T
W18 AR (A SACTCTTOGETCTGTGEEST ARATCACZAGASITOZITOIIC T
13 D17 AlI= (moses CEETTGTTGTTCACTEOCTT GCTGAARCTTTCGGTTTOCC onr

v
L \«‘ Results

<Experiment 2>
Variety identification and DNA profile database

construction using EST-SSR markers
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e

Selection of EST-SSR Markers

@ Selection of polymorphic and band clearance markers from 352 SSRs
e -

L

LIS >5) £320a2 LSC G338 LT 184 o371

Silver-stained denaturing polyarylide gel electrophoresis(PAGE) of PCR
amplification in 8~23 lettuce varieties.

ﬂ Polymorphism of Screened SSR Markers

© SSR markers screened for identifying lettuce varieties and
polymorphism of amplified SSR markers using polyacrylamide
gel electrophoresis.

Trmdﬂillhlh-m:u'_ﬂ Polymorphiam of Polymorpniam % | 88R marker
makars markara (A) amplmed 85A markere (B)) B+ A Bourca
20 1 e Jau;a;; :Ga;c &l.
ETET;;:E:':. El 30 437% simko (2002)
7L 47 17.3% In thia atudy
352 78 233%

= Polymorphism ratio showed 5% ~ 49.2%.
= Qut of 78 55R markers, selection of 60 SSR markers showing high polymorphism,
repeatability and reproducibility.

+ Attachment of fluorescence dye(VIC, MED, FAM, PET) to forward primers of 60 S5R.
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: -
- ;z : Detection of Allele Size using Genetic Analyzer

[ KSL-371 [ KSL-511 [ KSLC-301

) ‘.\‘w {

NPT - 7-_-7-.[-1‘:’)."7174 e e

Amplified frégments for 3 EST-SSR markers from 3 followiﬁg samples.
{(1)Joara; (2)Evergreen; (3)Hotred.

+ EST-SSR markers showed peak clearance more better than genomic-

SSR (Leigh et al, 2003; Simke, 2009)
+ Easiness of allele size detection

| d
A :2*1 y Construction of SSR Profile Database

@ Construction of SSR profile database containing 156 lettuce varieties
=xe 1 2 3 4 3 & 1 32 3

e 1 1 1.9 1 1 $1 11 1 2 g 1 1 g 2 1 g 11 1 2T 1T 1 @ 1 111
= a
AL "
= 1
o
B I -« < = = = = A« A <A <A« <A A < < < < = A< <A< <A - -
IR o 09 g9 9. 49 9. 829 @9 31 31 8 9§ 1 1 9 9 20 9 9 9§ 9 9 9§ § 9 4247
9 o 9 @ o0 0 0O Q0 0O QO 1 O Q0 0O Q0 Q0 0 QO QO OO Q0 QOO0 QOO
X4 7 0 A @ Q0 OO Q0 O Q0 @ 0 Q@ 0 0 Q0 0@ Q3 @ QO Q0 Q3 Q0@ @ AO@
L. IO a
a2 frat- a
= a
2 A
. 14 1
23 g g
b= a
il "
= 1
e
2 o 9 9 9 9 9 9 9 9 9 9 9 9 9 9. 9 9 9 2. 9 9 9 9 g9 9 g .9 42 49
& ¢ 1 2 1 2 1 @ @ 1 @ 1 @ @ @ @ Q9 1 @ @ @ @O0 Q0 @ 1 @ @ @1
b O - T - A - T - - k]
au by a
5, a
4 1
L= .
e i) a
25 a
Sg. 8 1 1 1 1 1 1 1 1 1 1 1 1 1 1 © @ 1 1 1 1 1 1 1 1 1 1 1 1 1

= Allele present 1, absent O
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© 60 EST-SSR markers selected for identification of lettuce varieties

Mo Mumer s 5 1 /Uoniyg 1K Hepaet mots P Ty .
1 BALON  CGOEMT (CATGATRE E 1e1m 5 mme wic
I SAOE 2 OGHEl  (TTONT 15 1T L] 7= (=]
I BAOD CGAMAZ  (GTTITE E 114118 z aam Eam
4 TAOT < OGGILE  (TCACCA)S g bt 1 T PRT
5 BT CrigaTE (GAATMLCTGE (GART_(CTGR E msare 3 nam I
| TAOM gl (TGTTAIE g pilte ] 1 1 =]
T OEMLOE  CriglTB  (ATATGIL (ATATGH E prrL T z LF ] Eam
3 AN Crigas (RATGH, (RATG]S g il 2 T PRT
5 EMLOE  Crigse (OCAM. (OCAE E 1] z LF ] I
W SATE  Crig®m (COOCTTR (COooTT L] b 2 o= =]
(OS5A] AGEATIAAG(A] | GARRGATT
TOAD TR CARAGIATSARAGAT E 18T ] a4 Eam
12 BALOO Crighs T T E 11 3 LE ] T
13 SMLO8  CrigTT! (AAGT (RAGIZ L] o] 1 nzas wiC
14 BALOE  CegTEE (I (TS E 114118 z L. =]
15 AN OGO (AR E bt z oz Eam
U PAOE gk (CATH (CATEGGAGEGAAT 15 ool 2 ] T
17 BALOM  Crig3SE (TALL (TAH E L z osm I
11 PA-Om Cnglem (TGAIEJATGTR 15 it H a4m =]
19 BALOW  CGE TN E 11 z s Eam
I SALIN  OGEME  (Gees]CTGE 15 e 5 P FET

{ Characteristics of 60 EST-SSR Markers

© 60 EST-SSR markers selected for identification of lettuce varieties

Moo Prme cams ESEContg I Mepad mohs Becmng mlmu:ﬁ e (Ep] Mo of wimiee PR l\vm- Fr
n mEm Crigaans gl Myi=s ] L4 1Nz 3 L+ ] i
F- LW CGEIEE faa-tel E] 17a1me ] oS =]
m L Crigaata ARCAR E] AT 2 a4z Eam
F - Crig- T (TAR. [TAK 13 17N 2 2] Far
FC TN Crig-13 [ATCIIL (ATCR E] ] 3 LE T i
™SI Crigezn (GRA]1, (G 41 1718 I 14T M
Fo P CrigaTe AT (AT E] 1T ] o Eam
o maaIm Crig3am [y’ s ] L4 e 2 L i
(TCTIIZ_(OCAAAJA,  (TCT B .
= = Crigaans y . E] neTm ] a1 =]
= ST Crigas AT, (AR E] s 2 o Eam
F [=E- . T oAy E] T ] 14 T
o Emear anazs [AEA]E 13 1251 T L] Wi
o Rme =X~ ] fATGII E] RS ) ] s =]
M EELIT =k i [ATGIIE 41 IIE I 4= &
m EmaE == ] AATIN E] T 2 LE T i
M EEIT =t =, ] [ATG]I L4 2 b oss =]
T EmLET [=E-. ] TEAI E] Frit ] 2 man i
=\ T =X T o E] 29872 7 oz =]
m KR [=E-1t ] [T 13 LT ] T osEs FaM
& EmL-za o] AGIE E] TS ] 184 T
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ﬁ Characteristics of 60 EST-SSR Markers

© 60 EST-SSR markers selected for identification of lettuce varieties

Mo Frmer sume ES1Contyg 1D Mepaet mois h-—gdwllnlb.nl-l [ h-v-'ﬂ:!-g
&l KED- AZS IGETH 15 1R F] 0Im =]
LN T ] ConiigE4 oA L] 118 2 -] Eam
o EEcIm Comglta  (TTATAM E b ] z a4 T
a5 wmcaa Coig AR (GRAGAGH E L z omzs i
a5 WELT OSSEEG  (TCTIE 15 T I aam M
LR [=E-1 T (ATS Mg g s e G a AT IS 1 L] b 2 omi Eam
L [=E-TLT TR, =] E b ] H o T
- [=E-TLE TR o ] E ] 5 oz i
& S [=R-The s ] (ATCRTTCR 15 o] I aam M
' (TISACCA S CAT CA S oty (D54
RS e s 15 AL H L1 Fan
o EmLeTE K] TR E bt z L] i
frle - =k =] (RS GA TG T 15 =TT I o Far
= e oz fimyr] L] 1m15 H araz i
54 KELET =T [=glt E bt ] L] =]
ELl -] v TGAIGHTGAR E T z oo Eam
ORI osMuEE  (CT 15 et I & Far
Lo -] omamE Toe L] T H ama i
- ] [-E-E. -] AT E Fr ] 3 ;o =]
E - K- -] (TGATR meGAT T GAT E Fo ] 3 e Eam
N - OSMIZE  (GACHoRDNgAAGT 15 T I ib Far
Tl 142
“mmn 32 0419

* Mumber of alleles : 3.5 per locus {van de Wiel et al, 1999)
* PIC - 0.32 EST-SSR{Simbko, 2009), 0.56 Genomic-SSR{Rauscher and Simbka 2013)

Genetic Relationships between Varieties

—— » Genetic distance: 0.29-1.00

> Leaf lettuce (red color)

e ir-i-";-'f == Crisphead, Cos (Romaine) lettuce

==l Leaf lettuce (green and black
A lettuce)

Dendrogram constructed based on Jaccard’s similarity coefficient from 60
EST-SSR data on 156 lettuce varieties.
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Groups for Varieties of genetic similarity 100%

@ Varieties depicting 100% of genetic similarity by SSR markers

Mo

1 T ka] ]
F 5 @] Dme=ng] z
i = 2
F Tkl z
5 2
5 [
T M = =
himanCanis &) a e
T P Sesce Sl ]
ar rmenr: S ]
g i o - B=l ]
w7 = - - *
un il o 2
pir B I
= gl = = =
= et (Sl O Tungess] :
= e LI S 1
pL] I
w oo S mgeniall 1
Tedal o

* From 156 varieties, 57 varieties showed 100% genefic similarity.
» 115 varieties were identified by 80 SSR markers.

ri __;—':;—'= '— Fr= 0.89 : ,/:
e S—————— 1 -
——1
— = }
] ————— .
A~ — (4
T
I =1
— ;
pa—— | ———— 1 | o
- \e——=————": Comparison and correspondency of

—— ‘_:"_ minimum 27 SSR marker set with the
————==——"1| whole 60 SSR marker set for identifying
— e of 115 |ettuce varieties.
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Interspecific Transferability and Genetic Diversity

L sxiva _ L saigna L serricla L wrosa

Agarose gel slectrophoresiz of PCR ampffication for 5§ EST-SSR markers in 1€ lettuce
vareties and 16 germplasms

{7'{ =1 L semiols
- ¢ -1 } L virosa
= e '3\ Y

—_——— U —————————
0.31
Dendrogram constructed based on Jaccards similarity cosfficent from 30 EST-SSR
data on 16 wild sccessions.

|

Putative Function of 18 EST-SSR markers

© Blast analysis between 18 EST-S5R markers and proteins

Mo, Frimeer name EETID Puisthve puncdion Epmolar E-walus
1 Ksu1 CLES10E4e TOP ransaptontsco 1 Solanum romprsoun 400E-40
I KSLET CLEMM4Z4 Pragicied prosh Fopulus Holooms 400ETZ
sy | [k |- Flag andonucesss SEHKk: 1 Vs vinfes 1.00E-T0
4 MSLEIET CLES1073D  Hymodhatical protEn MTR_igoseTa Aadicago Funoatul SO0E42
I KSLET CLEYSTO4 Ramorin, pussties Riclnus owamnls S00ET9
& KELATS TSR SEC14 oiiesolicindor-lke Vits vinfem TOOE114
T KSLZ4S CLEMES Unchiaracuerized profsn LOC 1 00D =0 Wils vinfes 4 00ESE
Z MELT CLESI0MSE  RING Snger and WD Reoes domab-ooaiteg proen Madlomgn Funotul 2O0ETT
§ HSLIS CLEMH4EEE  Hypofhetoal proden WITESY 0445 Vits vinfem LO0E-S2
10 MEL-E2 CLEMI4TES  Frediced praen Fopulus cooms 1.00E-54
11 KSL-43 CLEMMETS Urrmarmasd prodein rodes Vitis vinfem 4 00E-ET
12 KSLTS CLEYTIS Larnelated prodei Silke Vitis vinfem 4 00EST
13 KELEs CLEYEE4S O pOeEEa 000 Onyzs sathe Boncagoyn  200EQE
14 Mg CLEET 14-3-3 profzin, ol Richus ommunls 4O0E126
1% KSLST CLEY4E1S Hymodnasical protsn RCOM_0227sT0 Riclnus owamnls LO0ET4
18 KSL115 CLEM1Z0E DA pindling prodsin, pratie Rizinus mwrmunls SO0ETT
17 Ks113 CLEMIOETS  Anionodase doemainroortanieg moteh FARH 020 Hilke alycine max 40033

18 SL1Z3 LSS S0 rinomoereil proosin LTa, pratiee Riclnus owrmunls ZO0E-4E




BMT/14/13 Rev.
Annex, page 18

ﬁ Results

<Experiment 3>
Distinctness test of lettuce and correlation

between EST-SSR markers and morphological

characteristics

',,;ﬁ‘ . ; Distinctness test

© Morphological variety descriptions of groups

Classification
Phenotype
Genetic
similarity
Distinctness 725 Distinctness Intensity of color of
test No:Destinciness outer leaves, bolting day)
] S Distinctness (3)
Breeder's test No Distinctness e
No Distinctness (1)
R Intens‘ity of clor of outer leaves,
Dlsilrr;cig\ess - Intensity of anthecyanin
coloration, glossiness
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© Morphological variety descriptions of groups
Classification Group 3 Group 4

Phenotype

Genetic == T —

similarity 100% 10076
Distinctness(bolting day) No Distinctness

Distinctness | 4 gistinctness using KSL-87
test new marker — applicability
associated with bolting trait

Distinctness (2) Distinctness (2)
No Distinctness (2) No Distinctness (2)

Breeder's test

Distinctness Leaf thickness, Intensity of Intensity of anthocyanin coloration,
traits anthocyanin coloration Leaf blistering

Classification
Phenotype
Genetic
similarity 100% 100% 100%
Distinctness S S No
test No Distinctness No Distinctness Distinctness
p oo oia No
Breeder's test No Distinctness No Distinctness Distinctness
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MGeneﬁc Relationship of Morphological Characteristics

© Dendrogram constructed based on morphological data of 18
lettuce varieties

Sarpetevhitime
e L)
S 1 Heukchima
o L ammeok e
Mecidon
Leprgrd il sen
Toprnd
-
npengite Jeokchukmyeon
Dpvagretepaget it mysen
Tetmmgotymgdinte
]
Whuisigies = Cheongchima
B
P )
A M M e M @ OM M 1 AN AN AW M

* Genetic distance: 0.33-1.00

[} ~

% Genetic Relationship of EST-SSR Markers

© Dendrogram constructed based on Jaccard's similarity coefficient
from 30 EST-SSR markers on 18 lettuce varieties.
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» Geneticdistance: 0.37-1.00
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N Correlation between EST-SSR Markers and
= Morphological Characteristics

© 30 EST-SSR markers and morphological test (Mantel test)

« Correlation coefficient : 0.78

- r=0.78
i + Higher value that  ever
o reported (0.05-0.68)

i.. Applicability of option 2
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Compariscn between SSR markers and morphoelegical traits using the
mantel test.

ﬁ Conclusions

Experiment 1. Development of EST-5SR markers in Lettuce
@ Development of 1,181 EST-SSR primer
©@ Important tools for lettuce variety identification

[EF® Utlity of these EST-55R markers in molecular mapping
and molecilar breeding of lettuce

Bxperiment 2. Variety identification and DNA profile database
construction using EST-SSR markers
@ Detection of exact allele size
€ Construction of EST-55R database of lettuce varieties
@ Identification of wild germplasm using EST-S5R markers

w Applicability of EST-55R markers in variety and
germplasm identification and diversity stady
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ity ¢ Conclusions
Experiment 3. Distinctness test of lettuce and correlation between
EST-S5R. markers and morphological characteristics
©@ Varieties showing high genetic similarity were wvery similar in
morpheological characteristics
@ Correlation coefficient(r) = 0.78
©@ The reasons high r value that ever reported
¥ Uze of EST-S5R marker
¥ & well-constructed DMNA profile database {marker combination)

~ Similar result of genctype and phenotype data

w We used practically these EST-55R markers for the
selection of similar wvariebes and distincmess test of
candidate varieties
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