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Molecular Marker Techniques have been used in the Korea Seed and Variety Service (KSVS) as an effective tool not only for improving the reliability of DUS testing but also for enforcement of Breeder’s right. KSVS has constructed the molecular marker database for more than 5,000 varieties of 30 species, including most staple food crops, vegetables, some fruits and ornamentals. In this presentation, applications of the techniques and some results in 2017 to 2018 are highlighted. Also some challenges and the prospects are discussed here.
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  30 crops, 5,272 varieties 

Status of DB construction in KSVS 

 < Construct database for variety identification>
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Category

Category

Techniques

Varieties

Citrus SSR 113

Pepper SR 822 Plum SSR 160
Pear SSR 87
Watermelon SSR 300 Peach SSR 174

Fruittree
Melon SSR 180 Apple SSR 67
SSR 40
Blueberry
Tomato SSR 122 SNP* 84
Vegetables Persimmon SNP* 48
Chinese cabbage SSR 435 Rose SSR 70
Flower  [Chrysanthemum SSR 128
Oriental melon SSR 108 Gorbera SSR 30
Carrot SSR 115 SSR 373
Rice

Pumpkin SSR 167 SNP* 161

Radish SSR 288 Cereals Barley SSR 71
lettuce SSR 435 Soybean SSR 148
Cucumber SSR 175 Maize SSR 90
Onion SSR 77 Mushroom Pleurotus SSR 69

Strawberry SSR 110 .
Industrials Sesame SNP* 67
Cabbage SNP* 108

Total : 30 crops / 5,272 varieties














image6.emf


Use of Molecular Markers in KSVS


Microsoft_PowerPoint_Slide4.sldx


Use of Molecular Markers in KSVS









5



image1.png







image2.jpeg

Q Korea Seed & Variety Service
Republic of Korea






image3.png

LMO contamination
control for marketed
seeds

Protection of
Breeder’s Rights

(Infringement)
The National

Authority

for seed
management













image7.emf


The Selection of ‘Similar Varieties’ in DUS testing

- Use the Molecular marker for selection of ‘Similar varieties’ in DUS test since 2010
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- Use the Molecular marker for selection of ‘Similar varieties’ in DUS test since 2010













6



image1.png







image2.jpeg

Q Korea Seed & Variety Service
Republic of Korea






image3.png

700
600
500
400
300
200
100

Genetic analysis for DUS

649
592
402 403
305 324
86
4 I 9 14 14 14 1" 14

2010 2011 2012 2013 2014 2015 2016

uCrops mvarieties

293
MI

2017













image8.emf


The Selection of ‘Similar Varieties’ for DUS testing

- 2018, Lettuce have no distinctness in marker test             Select as a similar variety
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The Test of ‘Uniformity’ in DUS testing in Korea

- 2018, A candidate variety showed distinctness in field test by year

To be rejected

63%

19%
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 Case: 2017 Infringement for PVP (Baekcheon)

 Variety / Species: Baekcheon  / Peach

 Result: Violation of Plant Variety Protection Right 







Baekcheon



 Case: 2018 Infringement for PVP (Danwhangdo)

 Variety / Species: Danwhangdo  / Peach

 Content: No Violation of Plant Variety Protection Right





Infringement of PVP
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Infringement of PVP

- 2018. 8.  Case of technology leakages in breeding of a oriental melon

Breeding combination 1

Breeding combination 2

Breeding combination 3

The suspicious variety


Microsoft_PowerPoint_Slide9.sldx
Infringement of PVP

-  2018. 8.  Case of technology leakages in breeding of a oriental melon































Breeding combination 1

Breeding combination 2

Breeding combination 3

The suspicious variety









10



image1.png







image2.jpeg

Q Korea Seed & Variety Service
Republic of Korea






image3.png

GGHSS()
GGHsE)
GGHS6(3)
GGHs6()

GGGHS®)
GGGHSE)
GGGHSE)
GGGHsE)
sweis
swes

99%

Swei3E
Swei3@
170MK252(1)

SEEZE)

SEETAG)

TIOMKZ6(@
170MK256(1)
170MK256(3)
170MK277G)
170MK277@
170MK277()
170MK252(4)
170MK2523)

98%

170MK2522)
170MK256@
170MK277(4)
180MK106(1)
180MK106(4)
[2eomi062
180MK106(3)
EEELES-0
| |e==a2ze)
e=ss230)
e=z236)

99%)]

H 2=20)
=20
Lje=ze

e=3¢)
e
EREC)

EXCe)
220
2AZEQ)
2O2EE)
2O2EQ)
2AZEG)

ERES=0)
2O2EQ
ARG
2ABEQ

efficient

T
05

1
100






image4.png

HFEE Y

20179 43004 718 =AR AR 2 Q2= YIFES

©witing & pato/ thekiban

*









[,





image12.emf


Genetic analysis for seeds in market : pepper

- Spicy

: yes(1, 3), None(2, 4)

- Anthocyanin coloring

: week(1), medium(2, 3, 4)

- Spicy

: None(1), None(2,3, 4)

- Downy hair

: very week(1), week(2, 3, 4)

- Sample: 336 varieties

- Time for analysis: 5 months

- Method: SSR
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Genetic analysis for seeds in market : pepper

- Spicy

    : yes(1, 3), None(2, 4)



- Anthocyanin coloring

    : week(1), medium(2, 3, 4)

- Spicy

    : None(1), None(2,3, 4)



- Downy hair

    : very week(1), week(2, 3, 4)

-  Sample: 336 varieties

-  Time for analysis: 5 months

-   Method: SSR
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1. GWAS

- Increasing relationships between phenotype and genotype

- To develop traits-related marker

- Effective in both discrimination and similarity of varieties

2.  SNP marker

- Reliable marker

- More distributed in chromosome 

- Highly associated with function

3.  High-throughput method

- Cost effective and fast



Purpose of recent research
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GWAS

       -  Increasing relationships between phenotype and genotype

       -  To develop traits-related marker

       -  Effective in both discrimination and similarity of varieties



2.  SNP marker

       -  Reliable marker

       -  More distributed in chromosome 

       -  Highly associated with function



3.  High-throughput method

      - Cost effective and fast

Purpose of recent research
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SSR vs SNP

Work flow and items

Time required

SNP SSR

Preparation of sample 20 min.

DNA prep. 1.5 hr.

PCR mixture 10 min. (multiplex) 60 min. (single rxn.)

PCR cycling 2 hr.

2 hr. ~

※

dependent on No. of instruments

Electrophoresis -

2 hr. ~

※

dependent on No. of instruments

Data input & analysis 10 min. 2 hr.

Total time 4 hr. 9 hr. ~

Total cost

*

~ 200$ ~ 5,000$

* cost for beginning of initial operation


Microsoft_PowerPoint_Slide13.sldx
SSR vs SNP

		Work flow and items		Time required				

				SNP				SSR

		Preparation of sample		20 min.				

		DNA prep.		1.5 hr.				

		PCR mixture		10 min. (multiplex)		60 min. (single rxn.)		

		PCR cycling		2 hr.		2 hr. ~
※ dependent on No. of instruments		

		Electrophoresis		-		2 hr. ~
※ dependent on No. of instruments		

		Data input & analysis		10 min.		2 hr.		

		Total time		4 hr.		9 hr. ~		

		Total cost*		~ 200$		~ 5,000$		



* cost for beginning of initial operation
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Recent research for PVP in KSVS
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associated 
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Analysis of 
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system for variety identification

•

Flowchart for research
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Recent research for PVP

•

Goal for research

Variant: SNP
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< Chromosomal distribution of 17,877 SNP >
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SNP mining for Lettuce(

Lactucasativa 

L.) using GBS > 



Recent research for PVP



Lettuce: 

GBS analysis of 96 varieties (1st)
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< Chromosomal distribution of 17,877 SNP >

< SNP mining for Lettuce(Lactuca sativa L.) using GBS > 



Recent research for PVP

Lettuce: GBS analysis of 96 varieties (1st)
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SNP mining List of fitering SNP matrix loci
1 Total SNP matrix 276,462
2 MAF (minor allele frequency) 100,611
3 > 5% missing rate < 30% 17,877
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F vareties Soue ¥ varties Soue
T Opera jeokehukmyzon RSV 75 Cheongeum RSV
2 MyeongpumTojong jeokchukmyeon  KSVS 50 Goheung Ksvs.
3 Saerons_heukehima Ksvs. 51 adeom Ksvs.
4 MipungPochap_eokchukmyeon Ksvs. 52 leokdan Ksvs.
5 Mansang Ksvs. 55 Chunpung jeokchukmyeon Ksvs.
5 Manpung jachima Ksvs. 5 Jeoksagye Ksvs.
7 Tourmaline. Ksvs. 55 Misun jeokchukmyeon Ksvs.
& Cheongpochapchukmyeon Ksvs. 56 Snow green Ksvs.
s Jeokhagye Ksvs. 57 Best cheongssam Ksvs.
10 Cheonsang Ksvs. 58 heukpung_meokchima Ksvs.
11 pungseong Ksvs. 5 Star_romaine Ksvs.
12 Hongssam Ksvs. 8 Pungbu_heukchukmyeon Ksvs.
13 Gwonnongpochapi Ksvs. 6L Jingang jeokchukmyeon Ksvs.
14 Sambok meokchima Ksvs. 62 Chamjinhan jeokchukmyeon  KSVS
15 Evergreen Ksvs. 63 Green glace Ksvs.
16 Gold green Ksvs. 54 Seonpung_gold Ksvs.
17 Joara Ksvs. 85 Nice_romaine Ksvs.
18 Hotred Ksvs. 8  Hyeseonmanchudae Ksvs.
18 Top_green Ksvs. 67 Sun_red_butter Ksvs.
20 Topred Ksvs. 6 Sunny_red_butter Ksvs.
2L Hacheong Ksvs. 8 Dongo_cheongehima Ksvs.
22 Ohyang jeokehima Ksvs. 0 Exite Ksvs.
23 tobae_jeokehima. Ksvs. 7L Green magic Ksvs.
24 Higreen Ksvs. 72 Redstar_saladball Ksvs.
25 Most cheongssam Ksvs. 73 Westham Ksvs.
% lered Ksvs. 74 Glendana Ksvs.
27 Number_one Ksvs. 75 Tobaki Ksvs.
25 Gangpung jeokehima. Ksvs. 76 Chamssiat_romaine Ksvs.
29 Tobaegi Ksvs. 77 Winner Ksvs.
30 Jangsu Ksvs. 7 Verodita RZ Ksvs.
5L Seonpung no3 Ksvs. 79 Freshball_butterhead Ksvs.
32 Java_heukehima Ksvs. 80 Jeokehima Ksvs.
33 Redone Ksvs. 8L Greenlaceball butterhead Ksvs.
34 Ace Ksvs. 82 Winter_bugger Ksvs.
35 Huspung jeokpogi Ksvs. 8 Descartes RZ Ksvs.
3 Gaeryangdambae Ksvs. 8 Cunchita Ksvs.
37 Mitong Ksvs. 85 Earycircle Ksvs.
38 Gopung jeokchukmyeon Ksvs. 8 Rafael Ksvs.
39 Jinhongssam Ksvs. & Tukseom cheongchukmyeon  KSVS
20 Yeolpung_no2 Ksvs. 8 Fandria Ksvs.
41 Seonpung plus Ksvs. 8 Spring_king Ksvs.
42 Darkred Ksvs. % KM Cheong_romaine Ksvs.
43 Homreon_wang Ksvs. SL  Gradara RZ Ksvs.
44 Jincheongmat Ksvs. 2 Dongbujeokoak Ksvs.
45 Super_cheongpung Ksvs. 3 Romaine_heart Ksvs.
4 Superyeolpung Ksvs. 54 Suwed_chima Ksvs.
47 Seonmang_jeokchukmyeon Ksvs. 5 Dark choco Ksvs.
45 pungmimat Ksvs % Dongoyeoreum cheongchima __ KSVS
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Genetic relationships >

< Statistic results of transition and transverson of SNP > 
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Opera_jeokchukmyeon 11,012
MyeongpumTojong_jeokchuk 16,542
myeon

Saerona_heukchima 12,969
anpungPochap_jeokchukmyeo18’678
Mansang 14,130
Manpung_jachima 18,840
Tourmaline 22,920
Cheongpochapchukmyeon 25,108
Jeokhagye 27,549
Cheonsang 15,948
Pungseong 15,422
Hongssam 18,103
Gwonnongpochapi 21,620
Sambok_meokchima 18,396
Evergreen 22,191
Gold_green 19,405
Joara 22,788
Hot_red 15,191
Top_green 26,822
Top_red 14,975
Hacheong 23,046
Ohyang_jeokchima 14,551
Bobae_jeokchima 15,273
Higreen 16,029
Most_cheongssam 15,375
Ice_red 23,689
Number_one 14,249
Gangpung_jeokchima 14,158
Tobaegi 19,384
Jangsu 18,231
Seonpung_no.3 18,822
Java_heukchima 15,627
Red_one 18,143
Ace 15,013
Hwapung_jeokpogi 10,407
Gaeryangdambae 9,599
Mihong 11,856
Gopung_jeokchukmyeon 9,978
Jinhongssam 13,635
Yeolpung_no.2 15,978
Seonpung_plus 15,968
Dark_red 16,578
Homreon_wang 7,767
Jincheongmat 10,597
Super_cheongpung 16,961
Super_yeolpung 12,163
Seonmang_jeokchukmyeon 16,669
Pungmimat 15,764
Cheongeum 23,337
Goheung 20,427
Adeom 5,120
Jeokdan 12,981
Chunpung_jeokchukmyeon 17,163
Jeoksagye 8,528
Misun_jeokchukmyeon 9,430
Snow_green 15,027
Best_cheongssam 20,291
heukpung_meokchima 22,480
Star_romaine 17,401

Pungbu_heukchukmyeon 13,361
Jingang_jeokchukmyeon 10,859

Chamijinhan_jeokchukmyeon 14,728
Green_glace 27,729
Seonpung_gold 19,970
Nice_romaine 11,313
Hyeseonmanchudae 29,359
Sun_red_butter 22,833
Sunny_red_butter 24,254
Dongo_cheongchima 30,546
Excite 20,044
Green_magic 8,256

Redstar_saladball 27,451
Westham 18,744
Glendana 10,437
Tobaki 20,902
Chamssiat_romaine 8,112

Winner 10,714
Verodita RZ 9,338

Freshball_butterhead 14,296
Jeokchima 26,755
Greenlaceball_butterhead 23,979
Winter_bugger 12,556
Descartes RZ 16,836
Crunchita 7,371

Early_circle 4,781

Rafael 9,772

Ttukseom_cheongchukmyeon 16,150
Flandria 11,670
Spring_king 6,716

KM_Cheong_romaine 17,035
Gradara_RZ 16,384
Dongbujeokoak 16,015
Romaine_heart 17,386
Sunred_chima 15,138
Dark_choco 14,535

Dongoyeoreum_cheongchima 17,913
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Method : SSR
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Microsoft_PowerPoint_Slide21.sldx
Relocation of SSR DB

Crop # : 25

Method : SSR

Marker # : 40 (in average)

Sample # : 300 varieties (in average)



3100xL



3730xL



3500xL

DB relocation

Total cost for DB relocation: - $10,000 / crop









22



image1.png







image2.jpeg

Q Korea Seed & Variety Service
Republic of Korea






image3.png

EENNOO
OAL LS -

#\:I [SETEN

wae

@ Relocation of SSR DB

%G

Sample #: 300 varieties

0f710] 20|= =E9| Lig2

T
2
St

56 hitp://seqgen.com/repai-purchase/sanger-sequ O G -]

TeM BIE 20V AR =M =8TH)

B - ¥ 817 =z za2 v Bl A0S - S)(RS) @ e-Az 219 §)Google 5 Z4 G Google £)GWSEED © ZHXSTHY O @ v HOR@ - ARG SF0) v @~
Iy -
e ~ This website stores cookies on your computer. These cookies are used to collect information about how you interact with our website and allow us to remember you. We use this

o information in order to improve and customize your browsing experience and for analytics and metrics about our visitors both on this website and other media. To find out more

about the cookies we use, see our Privacy Policy.

Ifyou decline, your information won't be tracked when you visit this website. A single cookie will be used in your browser to remember your preference not to be tracked

I

The ABI 3130 is another ideal DNA Sequencer for low to mid-throughput labs. The fully
automated system can run hundreds of samples per day. Most importantly, as research
throughput increases, the instrument can be upgraded to 16-capillaries. This increases lab
productivity 4-fold, without needing to buy another sequencer. Here are some of the key
features of the ABI 3130:

« Easily upgrade from 4 to 16 capillary arrays

« Reduce labor with automated polymer and sample loading and easy-to-use tools to
analyze data

« Perform sequencing and genotyping applications quickly, accurately, and reliably on a
single instrument

»

SeaGen provides a full range of repair and
maintenance services for the ABI 3130
Sequencer. Visit the Coverage Plans page to
explore your options, or contact us directly
for more information.







image4.png

1 Applied Biosy... %

ojUMolE  ERH0IE &

M BIE 20V EARA) E2M S2TH)

BEaoio; 18 EE\\DOO[:| Ja » - »
Py o 23 - OAL LS - XE uo - ¥ 81 =2 222 v B=a A0 v E)FRS) @ e-Az 219 §)Google 3= 24 G Google £)GWSEED © TIXSTNY - O @ v HOXE v ¥EEv EF0)v @
R CET : O 4% N Y5 SF I me-
S0l s 2271 =y “
- - Sign In
. Q  Search Equipment, Consumables and Supplies Al Categories ~ Searcl
@ Relocation of SSR DB T T Register
= Crop#:15
¢ Method: SSR =
= Marker#: 40
= Sample # : 300 varieties Laboratory > Biotech / Life Science > DNA Sequencers
Applied Biosystems 3730XL
The ABI 3730 DNA Analyzer represents the next generation of high-throughput sequencing and fragment analysis platforms.
It combines reliability, high data quality, and production capacity to provide the ideal platform for rapid, accurate, cost-
effective DNA analyss.
The 96-capillary 3730x| sequencer is the Gold Standard for high throughput genetic analysis. Use this for DNA fragment
analysis applications such as microsatellites, AFLP, SNP analysis, mutation detection and traditional DNA sequencing. Get
the highest quality data at a low cost per sample.
With the shift of major sequencing centers moving to next-gen sequencing technologies since 2007, many high-throughput capillary electrophoresis instruments
have moved to the pre-owned equipment market. The Applied Biosystems 3730 is one of these fantastic instruments that can be purchased on LabX.
Find online auctions and classified ads for Applied Biosystems products on the LabX Marketplace. Browse ads and contact the seller directly or request a quote
for more details. Buy and Sell Advanced Instruments Equipment and Accessories today on LabX!
S
0710 22H0|= E9| (182 YSHUAIL Similar Products 1-15 of 15 listings SortBy: Default | Date | price = Per Page: 241481 96
Applied Biosystems DNA Analyzer
Other DNA Sequencers Products ABI 3730xI DNA Sequencer - Certified with warran
joce Moz B o2 lied Biosystems 3130 Genetic Analyzer Price: Please Inquire »
Avplied Biosystems 3500 Refurbished

®120% v






image5.png

google ok

® Relocation of SSR DB

A E = Crop#:15
= Method: SSR
15— = Marker # : 40
rR= = Sample # : 300 varieties

3500 Genetic Analyzer | Life Science

d & Variety Service

 serp_gethelp R100% ~

|














image24.emf

Microsoft_PowerPoint_Slide22.sldx










23



image3.jpeg

= E 1 ZF_
Kclea sLad & \Ianm\, Service

THANK YOU

SiAlie} O[S AHESH= HIRE, 34t








THANK YOU





image1.png




image2.emf
Jinkee Jung       2018. 9.


Microsoft_PowerPoint_Slide.sldx








 Use of Molecular Marker Techniques in 

DUS Testing and Enforcement of 

Breeder’s Right in Korea

Jinkee Jung       2018. 9.



Seed Testing and Research Center









1



image3.jpeg

- o | = O.
) =EIFALR
/V Korea Seed & Variety Service






image4.jpeg

Q Korea Seed & Variety Service
Republic of Korea













