E

BMT/14/14 Rev.
UPOV ORIGINAL: English
DATE: November 27, 2014

INTERNATIONAL UNION FOR THE PROTECTION OF NEW VARIETIES OF PLANTS
Geneva

WORKING GROUP ON BIOCHEMICAL AND MOLECULAR TECHNIQUES
AND DNA-PROFILING IN PARTICULAR

Fourteenth Session
Seoul, Republic of Korea, November 10 to 13, 2014

CONSTRUCTION OF DNA PROFILE DATABASE OF STRAWBERRY VARIETIES USING SSR MARKERS

Document prepared by an expert from Republic of Korea

The Annex to this document contains a copy of a presentation “Construction of DNA Profile Database of
Strawberry Varieties using SSR Markers” made at the fourteenth session of the Working Group on
Biochemical and Molecular Techniques and DNA-Profiling in particular (BMT).

Jee-Hwa Hong, Seed Testing & Research Center, Korea Seed & Variety Service (KSVS), Ministry of
Agriculture, Food and Rural Affairs, Republic of Korea

[Annex follows]



BMT/14/14 Rev.

ANNEX

[2014 BMT]

Construction of DNA Profile Database of
Strawberry Varieties using SSR Markers

Nov. 2014

Jee-Hwa Hong

Seed Testing & Research Center
Korea Seed & Variety Service
Ministry of Agriculture, Food and Rural Affairs

~ Introduction

© Strawberry
* The strawberry genus, FAragaria, belongs to the Rosaceae
family, subfamily Rosoideae (Davis et al. 2007)
* The Fragariais comprised of 23 species.
- Cultivated strawberry is Fragaria x ananassa.
- F. vesca, F. nubiola, F. viridis, F. virginiana and others
© Karyotype of strawberry

* The basic chromosome number in Aagana is x=7 (Ichijima 1926).
* The Fragaria species comprise a polyploidy series.

- Diploid(2n=2x=14), Tetraploids(2n=4x=28), o
Hexaploids(2n=6x=42), Octoploids(2n=8x=56)
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Introduction

© Cultivation area of strawberry

* Cultivated area is located in Europe(63.3% of the total
area), followed by Asia(14.8%) and North and Central
America(13.8%)(Davis et al. 2007)
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© Cultivation area and yield of strawberry in Korea

= Major culivars
- Seolhyang, Maehyang, Keumhyang

- 78% of cultivation area(2013)
(htto//wwwekreire kr)

2013)

-

© Status of plant variety protection(PVP) of strawberry in Korea

« PVP : A variety protection right have an exdusive right to

exploit the protected variety commercially and industrially.

« From 7. Jan. 2012, strawberry was designated as crop for PVP

Application by Origin

PVP Applications
2012 21
2013 18
2014 g
Total 48

Korea 29
Japan 12
LISA 5
LIK 1

Metherlands

1

(KSWS, Oct. 2014)
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© Necessity of DNA marker development of strawberryin Korea

= Strawberry are capable of wvegetative propagation via the
production of runners.

= The unregulated propagation and distribution of patented varieties
has become a serious problem (Kunihisa, 2010).

= Morphological characteristics are influenced by environment factors
and difficult to impartial observer.

= Development of DMA marker and construction DNA profile database

is needed to protect breeder’s rights.

2t
!

Literature Reviews : Variety Identification

of Strawberry using DNA Markers

Choat sl zw.\/Variety ; Lgstmplatm oo ot a1 2011

Gdentification of)
. Strawberry

UK : SSR
Marker and 50 var.
Gaovan ot 2l 2008

orea .
AAP &SSR
407 AFLP, 13 SSR, 50 va
Choat 2t 2007

Chamber &t 2L 2013

© CAPS may also fulfill the BMT guideline but their use in DNA prefiling database
of plant varieties has not yet been explored.

@ Limited SSR marker information and varieties
© New candidate varieties have strongly increased in Korea
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. Objectives

* To select SSR markers for strawberry variety
identification
* To construct of DNA profile database for strawberry

varieties using SSR markers

¢ Materials

@ 100 varieties (Origin : Korea 27)
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Materials
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?Sﬂ Materials

© 100 varieties (Origin : UK 6, Canada 2, Netherlands 2)

Mo. [Variety name Farentage KCriggiin

%1 |Eastemn Fine

[oultivar grown since the late 1700s, original spedies from

United States but growen in Europe since then [

%2 |Amels Ircluces Pamdors, Marmolsda, Kent, and Prowidence JUE

93 |Famenco Evits x EMETT JUE

%4 ucunds Selection of cultivated strawberry from England JUK

95 |Bolero Lelva w LA SEE UK

%6 |Pink Panda(Frell |Fragaris = Comarum hybrid inwvoling Fragaria chilosncis UK

47 |Blomidon K72-4 x [Micmac x (Guardsman x Tioga)] ICanads

58 Comwallis Earlighow x Kent ICanads

o8 |Rabunds Redgauntlet = Repits MNetherlands
100 |Ta Mo |F.a:e- a x Selva Metheramds

?")'h Methods

@ Simple Sequence Repeat(SSR) analysis

e - Selection of SSR Construction of S5R. profile
Classification
markers database
Varieties 21 varieties 100 varieties
Primers 274 55R markers 25 SSR markers
6% nolvacrvlamide gels ABI3130x| Genetic analyzer,
Genotyping polyacry geb. GeneMapper software(applied

silver staining

Biosystems, USA)

Data analysis

= Polymorphism level
- Folymorphism information content(FIC)(Anderson ef al,, 1993)

= Genetic relationship
T MTSYS-PC version 2.01(Rohlf 1998), Jaccard's coefficient
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© The selection of polymorphic SSR markers in 21 varieties

12 3 43¢ 7T 23O RIMNIS BLYBIBID 12 3 43¢ T 25O QIIMNI BXLEIB I

EMFvil79 (A), EMFvil09 (B), FAC-013 (Q and EMFv021 (D). Tha 2CR produzts wars
saparated in 6% poiyacylamida gal Lana L Wurme 43 2 “Secthyang’ 3 "Reiko’; 4 Redpear; 5 “Ahima’; &
Tumbs’; 7, ‘Chodong’s & Domnar; 9 Sukyoung’ 10 “Santa’; 11 Dasun’ 12 “Albion 13 Blrkemond; 14

Figthar’; 15 "Aighima’; 18 “Sciar; 17, 'CaS1Sr-1; 18 “Jaspan’; 19, “Lihn’; 20 "Marshall; 21 “Everbarry’.

Results

@ Polymorphism of SSR markers between 21 varieties

Mumber of Mumber of Polymorphism{Z) of

M Tyvpe of S5R soreened  polymorphic Z5R rmarkers ZER marker source
marksrs markers
1 oSSR 40 2 2/40( 50°L)  Cangent =t 2l 2006
2z gEER 13 1 1715 { 5.33%) Monfort =t al 2006
3 gLER 35 7 7/36 (124%)  Sargent =t sl 2004
4 gSSR 13 5 5/13 (385%)  Sangent et al 2003
5 gSSR 3 1 1/3 (3233  Ashley etal 2003
[ gEER O 11 11,70 (15.73) Lewers et al 2006
7 g55R and EST-5ER a7 T TSAT (20.83E) Baszil et al 2006
B gEER 1 4 4721 [15.0%:) Hadonou et al 2004
- ] EET-EER 14 4 4714 [ZB.83E) Baszil et al 2006
10 EET-55R 1 3 3721 (14.33)  Rosscess genome DVE
74 45 45,274 (1b.43€)

#3S5R - genomic S5R, EST - Expressed ssgquence tag
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-
p ‘S‘i . Results
L 2

© Detection of allele number and size at the CFVCT016
and UDF017 locus

ST [ | Eelerd l I Sl

Amaoy UDFO17 . Asuks Ruby UDRO17

.

The PCR products were separated using a Genetic Analyzer 3130XL and detected
using GeneMapper software.

oy
b

w+v % Results
e it
© SSR markers used to strawberry DNA profile database

Mumber of polymorphic Mumber of database

Na. Type of SR Mumbsar -:i{C . Ma'k—:-:s . S5R markers
zoresnsc marksns (First selection by (Second selection by
polyscrylamide  gel) SEUENCET)

1 gEER 40 2 2
2 gEER 13 1 1
3 gEER 3k 7 2
4 gEER 13 5 5
5 gEER 3 1 4]
[ gEER 7 11 [
7 gEER and EST-55R 7 7 [
g gEER 21 4 3
9 EET-E5R 14 4 4]
10 EET-EER 21 3 4]
274 45 25

= Ratio of SSR marker selection == 25/274 (9.1%)
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Results

@ Origin of 25 SSR markers of strawberry DNA profile

database
Mumber of database S5R markers Origin of S5R markers
12 Fragana x ananassa
& F vesca
5 E viridis
2 £ nubicola
Total 235

= SSR markers of £ vescs £ vindls £ nubicolfs were  also

amplified in Fragaria & ananassa.

Results

© Database of 25 SSR profiles for 100 strawberry varieties
Marker Variety
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ﬂﬁg
Results
|
et e bty
© Characteristics of 25 SSR markers in strawberry DNA database
SR markear Rapaat motlf HArinvealing Tafnp Product size {hp Hao of alkks FIC walus:
ARSFL_05Z T EGEA1E-1 % 170-128 = [EEE]
ARSFL_ 023 (AL & 163-123 7 0558
ARTFL_100 CATIT EE 243-254 = tE3
AREFL 101 (AEEE EE 184-21% 7 [ZkLTs]
CFWCTOLS - X 130134 L QLSa3
EMFnls0 o L 13T-1¥E 13 QLTSS
EMFRlES (EANLL EE [ 0752
EMPyOLS Ferint nudeatos EE [ 0.711
EMFwILE Enipriect dniecieon i IE kil QTR0
EMFwIZ1 Pariect oot IE k] QTER
EMPyi0ZS = SE = 0.531
EMFPI10E e EE = 0741
EMFl10S (TOHATOT EE 7 a0
EMFwll4s =] X < QEEL
[EMFriLTs P EE 7 [EFH
FAC-0033 (TAYT EE 3 0.333
FALC-003% (R EE 10 a7
FAC-O13 oyt IE 5 QTTE
UDFOLT - IE 11 QTER
UFFadzHIL = SE [ O.7TE0
UFFallGa7 BTE EE T OLEFE
UFFallall ol EE 11 Q.E4l
UFFa13007 = IE x Qs
UFFalsHId ioTis L [ Q735
UFFa20H10 CATIT EE Fl Q.70
Total 188 18347
Mean 7.5 0.708

o

| ; Results

© Genetic relationship of 100 strawberry varieties using
25 SSR markers

= 25 SSR  markers N
identified 98 varieties < TN % ;
except for 2 varieties A
» Cluster analysis of e
100 varieties was o

categorized into 7
major groups
» Genetic distance v

- 0.27~1.00 2

S5 T ehe mmm s e aee aes B4R mad sar SR AN SR Ase e Aes Ak
Coethichom
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Results

© Group I: 42 varieties — divided into 2 groups at 0.40 genetic

Group! igi similarity
410 Nonsan 1 Korzz
Reiko Japan 2 g 1
2 Kunowase o+ Varieties  showed  high
Redpesr ] o
55 Sachinoka roon genetic similarity
0 ;'j:bo’w = ‘Chodong’ and ‘Donner”:
41 Himesodsen Japan 95% genetic similarity
5 Suhong Korza
15 M Korea ‘
Groupl-1 22 :»-3?:?3:‘9 Korza <Pedigree>
(23 var) 71 Donner LEA X A :
42 Chizuru Japan Kurumel03' X ‘Donner
4% Harunoks lapan
37 Amaou Japan l
44 Takane Japan
£2 Chuncho China 'Haruncka’ x 'Yachic'
34 Morioks 16 Japan
35 Morioka 17 Japan I
30 Deruncka Japan
46 Syuko Japan 3 )
56 Fujizaki 068 Japan Chodong
36 _aAkanskko Japan

Results

© Group I: 42 varieties

Groupl  No. Mariety name Origin

3 Danmi we= * IThere was no high genetic
15 Jukhyang Korea similarity varieties in group I-2.
4 Seonhong Korza
23 Johong Korea ..
52 Akhime sean * The most strawberry wvarieties
_ pEriErnoan | TEe developed in Korea were
18 Mashyang Korea . .
24 Daswang Korea categorized into group [-2.
Group1-2 pa EEJk}'ourg Korea
(19 var) & Sinmysong Korea ..
10 Sinzeolmae tr=s  * Decause most korea wvarieties
SN SR e are crossed from 'Maehyang’
@ Sindasbong Korea , . . P \
12 Santa Korea and 'Tochinomine’, ‘Akihime’,
20 Damhyang Kores ! [
14 Dasun Korea NFGhG'
17 Seolhyang Korea
31 Tochinomine Japan

53 Nyoho Japan
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© Group I : 5 varieties

GroupTl  No. Variety name oign * Varieties showed  high

genetic similarity
- 'Daehakl’ and Josaenghongsim’
: 95% genetic similarity

2 Dasnacl ¥ores
25  losasnghongsim {orsa

Grovp B 26  Eysperry Busan Korza

(5 var)
43 Benizuru Japan
45  Kurume 103 Japan
Results

© Group III : 24 varieties — divided into 3 groups at 0.46 genetic

GroupTll _No_ Veretyname __ Ongin _  similarity
GroupIll1 € Shinysobong Korea
(2 var) €9 Summer USA
11 Okhyang Korea A :
68 sweetChaie  UsA  * Varieties showed  high
13 Hanun Korea . 3t .
66 CaS18e1 UsA genetic similarity
o e - Asuka Ruby and Asuka Wave'
Group ITI-2 88 Toro USA A PRt .
a3vad) go OB ik : 100% genetic similarity
€4 Albion USA ;
73 Carmine UsA <Pedigree>
%3 Hamenco uK
35 Baleno UK ‘Asuka Wave' X 'Nycho'
Z& _Dauglas VSA
27 Sagyegjeol Korza l
32 Rowang Japan
43 E‘(éfbeﬂy Japan ' .
Groupll3 35 AsukaRuby S_— -
(9 var) gg Azuks Wayvs J.?)DS?
36 Sunrise USA
2% Kurume 4% Japan

47  Xofuky japan
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Results

© Group IV : 17 varieties — divided into 2 groups at 0.47 genetic

Group IV No. \Variety name  Origin similarity
51 Okitsu Japan
57 Tm"‘] }W . - .
litisrosa = * Varieties sl)ovyed high
83 Prelude USA genetic similarity
cclbisell oo usa - 'Tohoku 13’ and 'Vasper’
-1 70 umbi USA y ) . Rz - o «
Ay ki i : 95% genetic similarity
&0 MDUS 3838 USA
21 Midland USA
78 Eariglow UsA
98 Cornwaliis Canada
97 Blomidon Canads
59 Touhoku 13 i3pan
N2 80 \esper USA
2 82 Pelcan UsA
S €5 Bizkemors USA
67 Jaspan USA

Results

© Group V : 8 varieties © Group VI : 2 varieties

Group V' No. \ariety name Origin Group VI No. \Variety name Origin
Tonami-zairai-shik
C i Japan P Neswmoom s
100 Tango Netherands ~ ZVeQ P e R
99 Rabunda Netherlands
v s

@var) 96 Pink Panda(Fred Uk © Group VII : 2 varieties

24 Red Cross USA . e
Group VI No. \ariety name Origin
94  Jucunda UK
72  Marzhal USA 75 Damow USA
92 Amsha UK v
- (2 var)
+ ‘Marshall' and '‘Amelia’ : 94% 91 Eastern Pine UK

genetic similarity
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% | Conclusions
e

@ Qut of 274 SSR primer pairs, 25 primer pairs were produced
reliable, reproducible and easy to interpret fingerprint.

@ DNA profile database for 100 cultivated strawberries were
constructed by 25 SSR markers.

@ Cluster analysis was categorized into 7 major groups
reflecting breeding site and pedigree information.

@ 98 varieties except for two varieties could be discriminated by
marker genotypes.

@ These markers will be useful as a tool for protection of plant
breeders’ intellectual property rights in addition to means to
resolve seed disputes relating to variety authentication.

% Future Plans

".-III —_—
©@ Application of SSR markers to DUS test
- Selection of similar varieties through genetic relationship
analysis between existing varieties and candidate
varieties
© Correlation relationship between marker genotypes

and morphological characteristics (UPOV option 2
approach)
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Thank you

Jee-Hwa Hong : hongjh19@korea.kr

[End of Annex and of document]



