creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

AL =

SSR PHAE ©] %
AR EFY W

AFo gkl skl

Qo 3 3
e

2021 2€



SSR WHAE ©| &8
AT EFY B

Arns & & A
47 9
o] EEL F HARS EEOR AET

2020 114¥

9 B 7 F mdy (C_Mﬁé—

v
4 8 swaard  Leeid

2020 114



Identification of Tea Plant

Cultivars Using SSR Markers

Ju-Young Kim

(Supervised by Professor Kwan Jeong Song)

A thesis submitted in partial fulfillment of the
requirement for the degree of Master of

Science in Agriculture

2020.11.

This thesis has been examined and approved.

Department of Horticultural Science
GRADUATE SCHOOL

JEJU NATIONAL UNIVERSITY



B b e ettt et ettt ettt ee e e i
LIS T OF T aD ] S e e i1
LIST OF FigUIL @S oo ettt e 1ii
A B S T R A T e v
L o 0 Q0 ettt et ettt ettt et e s et tee et eeerseeeeees 1
L. AH B T e e e e et e 3
L. A B A B e e e e 3
2. GENOMIC DN A S T e e e 6
3. SSR PIIMEr AL oottt ettt et et 6
4. PCR FZ W SSR TFE A B A oo 12
D B A O Bl B A oottt 12
m 23 4 33 13
1. T EF N4 SSR PFAL ThBA 4 s 13
2. SSR WFAZE 0] €3 FF FHIA B e 19
3. SSR FFAZE O] 8TF FY] T ettt 22
V. 5. 24
L T B ettt ettt ettt eneeer e eee 25



LIST OF TABLES

Table 1. Parentage and origin of tea plant cultivars used in the study. .....ccccoeveiieoeeieceeenne. 4

Table 2. General SSR primers with polymorphism between "Fushun" and "Kemsull"

Selected frOmM OPEI SOULCE. ..ot ettt et e e sttt e eaeeves 7

Table 3. RNA-seq based SSR primers with polymorphism between "Fushun" and "Kemsull"

SeleCted DY Yali (2017) . oo e e et e e e e 9

Table 4. Characteristic of 23 polymorphic SSR primers in the tea plant including major

allele frequency, number of alleles, gene diversity and polymorphic information. .............. 17



LIST OF FIGURES

Fig. 1. Comparison of leaf shape and color at the early developmental stage. ......cccccoee..... 5

Fig. 2. Selection of SSR primers representing polymorphiSm. .......cccoevvvviviiviiciiceeeenn. 15

Fig. 3. Dendrogram of 17 tea plant cultivars based on genetic distance analyzed by

POW T AT Kl V3.2, oo et e e e et e e e e e e e s e e e e eea e e e e 21

Fig. 4. Algorism for identification of tea plant cultivars using minimum SSR markers. ....... 23



ABSTRACT

This study was conducted to establish the efficient cultivar discrimination systems for
tea plants using SSR markers and to use them as the basic data for cross—breeding
based on the genetic relationship between cultivars. PCR was performed using 45 SSR
primers with polymorphisms reported in tea plants for a total of 17 cultivars, including
10 domestic cultivars, 6 Japanese cultivars, and 1 Assam cultivar. Among 45 SSR
primers, 23 showed distinct amplification and clear polymorphism, and the number of
alleles was 2~3, with an average of 2.5. The diversity of genes analyzed by
PowerMarker V 3.25 1s 0.06 to 0.66, an average of 0.40 and a genetic distance of 0.11 to
0.59, and a PIC wvalue of 0.056 to 0.584, an average of 0.339, which shows an
intermediate level of polymorphism. As a result of analyzing the genetic relationship with
MEGA V 5.05, the cultivars of tea plants were divided into three groups. Group I
included some domestic and Japanese cultivars, and there was a high genetic association
between Korean and Japanese cultivars. Group II included domestic cultivars showing
red color in the leaves and Ai 37. Group III consisted only of cultivars grown in Jeju and
these have different origins from other domestic cultivars which were known to have
similar origins. Of the 23 selected from 45 SSR primers, by using only 4 such as TM 068,
MSG 0206, MSG 0699, and KF 0643, all 17 cultivars of tea plants can be identified. This
study shows that these SSR primers can be effectively used to identify cultivars of

various tea plants.



ZIIE-[ Camellia sinensis (L.) O. kuntzel= 2pupF-3bol] &8l thd Al AE424(Tan et
al., 2013) T 9 AF 2 A Yo 2HH 7|Y9EHANiu et al.,, 2019) 5=, Sl%=, =g

F7h S, A, Ak 5 oRAoF R ok gh FME w7kl F= AuiEal Q= Fh=oldt.
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A=dl, 20180 6347 Eo] AR ATHFAO, 2020).

o} U 20159 xFY] AMA AL 2, 768ha, AAFS 3,618ES HY ot 20199 AjwiAA
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ol AN FR 53 FA R et gk Yy HE S
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WO Ay W weEd FEO AR B B AFEL ML) A F8F skolth B
g FE) A rE FF nfe) 5999 Juy gL vwsn YA F EES

T
bl

T53e] gk (Moon et al., 2003; Kwon et al., 2005; Bang et al., 2011). 18 320

N

T ANTIRE olgste da R HIFEde 2y Ay Az o 59 ddIds

2 olghe ABE EF o FuH TRl §4 @

it

DNA 22k viA= A=e fd4 Weol, v 3 AeS skt 183 WRelthNi et
al., 2008; Ma et al, 2010). DNA w}FAH9 F/Fol+= AFLP(Amplified fragment length
polymorphism), RFLP(Restriction fragment length polymorphism), RAPD(Randomly
amplified polymorphism DNA) 2 SSR(Simple sequence repeat) o] Jow, tjekslt Bx}

S % = O
oﬁeﬂ—o“ﬂ‘ﬁ

r ,
ne

HE
U-lH

HNAES S 14 gdde 24, A A= 2y, AFs Al %
5L Ao A @] AFEEH 1 AdYH(Bernet et al., 2003; Cho et al.,, 2010; Hong et al.,

2013). d& Ex} v}AE = microsatelliteg}1E 2]+ SSR vlAE thslAo] a1 94

ot

ol (He et al.,, 2003) AdAA % FH4E B 8o]3 nAR LA YHGoldstein and
Schlotterer, 1999; Cai et al., 2019). £3] PCRS 7|9t & wealA] F-2Jo] 7}53lr] wj&o
7191(Zhen et al., 2004), =7](Honjo et al., 2011), AF¥}(Ban et al., 2014), Z+=(Woo et al.,

2020) & TR Aol FFRES A3 Aol ZEHa vk xRt dA =l 2ol o



I. As 3 3y

1. A EA=
THTAY FTHIEY 2 s5HY A= AU A X[ Camellia sinensis (L.) O.
Kuntzel 1771 %% FolA AFAGoAA RFsta A+ 107 F53 AFostu FaA524

FAH 2 B35t v 42 55 671 F o Ui Alee] 1 S 2 AT ol &
A tH(Table 1, Fig. 1). 7 &4 32 T 29 A%(C sinensis var. sinensis) Q.= =
HAHNEA BXA A FAE A5 (Sangmok), T2 (Jungmo) Z 3H(Hwadeok)? 3

EFZ, AFERAAANE FHVEYAN SA4Y FAKemsulD H]FH A (Beachwisul) o] 23%F

4 Ayd s swd7EYdA S E F=(Kumnok), 5 (Myeongnok), H 3 (Bohyang), A=
(Sangnok) ¥ F=(Chamnok)®] 5%&o|tt. A4 HHAAEA L AFEEAANE Q7Y &

A% (C. sinensis var. sinensis)® wWlY37](Benifuki), A}elv=2](Saemidori), ©F57]E€}t
(Yabukita), 277 %] (Okumidori), -FEF7Fe] =8] (Yutakamidori) ¥ $<#(Fushun) 63%%0]|H,

ol ] AZ=(C. sinensis var. assamica)S Ai 379 1¥F=o]|t}.



14

"BYONZIYS JO 90USIOS B3] puUR 92.0) JINJJ JO 9)NITISUT ‘T ‘UONRIJSTUTWPR JUWAO[OAIP
[eINy ‘@0uards doad JO 2ININISUI [RUOTIRN] ‘© ‘BARURY JO 90USIOS BI] PUR 99J] JIMNIJ JO 9INJIISUT ‘P ‘SOIIAISS UOISULIXI 29 [IIRISI [BIN)NOLISE OPWRUR[[I[
‘0 ‘IeZRINIRIN JO 90USIOS BI) PUB 99J) JINIJ JO 9INIIISUT ‘( ‘SOIIAISS UOISUI)XD 29 YI.IBISAI [RINIMNILISE 90UIA0Id SUTUISAOS —J[9S [BI02dS N[A[ ‘B : S9JON

(ezeanyey ‘SIIJ4]) ueder NnANsiesy Jo Auago.ag LIODIWEBIN
J(eonziys ‘SLLdI) ueder KJ9LIBA [BOO] 9Saurde[ WOJJ ‘UOI}DI[OS BINARA
(SDIN) EoJ03] AJOLIBA [BOO[ URBSIOY] WOJJ ‘UOI}I9[9S Jowsues

(SHMVI) BaJ10Y] AJOLIBA [BOO[ UBSJIOY] WOJJ ‘UOI}I9[9S jjousueg
(1ezeanse]\ ‘S LIAI) ueder nANSjesy X eIDNQex LIOPIWSES
(edeuey] ‘SILAD ueder 91reZnziys x ejngqex LIoprumQ
(SHMVI) BaJ10Y] AJOLIBA [BOO[ UBSJIOY] WOJJ ‘UOI}I9[9S JOUSUOQAIN

(SHMVI) BaJ10Y] AJ91IBA [BOO[ URSJIOY] WOJJ ‘UOI}I9[9S souwny|
(SHIVJHSST) Baa0y] £J9LIBA [BOO] UBSIOY] WOJJ ‘UOIIID[RS [mswnay|
(SDIN) e2ud03y] AJ9LIBA [BOO] UBSIOY] WOJJ ‘UOIIOD[RS owsun(

5(SDIN) BeJ0Y] KJSLIBA [BOO] UBSIOY] WO.IJ ‘UOIIB[OS joopemp

p(BABURY ‘ST.I1AI) ueder oprweAeuey] X -7 unygsn,j
(SHYV) B2I0Y AJ9LIBA [BOO] UBSIOY] WOJJ ‘UOIIIA[OS youwey)

S(SHYV) eaJ0y AJS1IRA [BDO] UBSJIOY] WOIJ ‘UOIO3[aS sgueiyog
q(BlezeanyeI ‘S LLJAT) uveder 98POEINHEN X SJewoyiusg njiuey
+(SHIVJDSSI) BoI0y] 90RJpUR[ UBDIOY] JO uonemndod [einjeu WO.IJ UOIIOS[dS [BNPIAIPU] [nsmmyorag
BIPU] A}OLIBA BOTWESSE UY L8 TV

(uoneziuesio Surpealq) uIsLIQ

og8eiuae

2dAj0U98 ua([0g

*Apnis oy} Ul pasn SJBANNO jue[d Ba) JO UISLIO pue 98ejuaie "T 9[qB.L



» Beachwis” 11 Benifuki -

Chamnok R Fushun ., Hwadeok

» Kemsull

Sangnok |

Fig. 1. Comparison of leaf shape and color at the early developmental stage.



2. Genomic DNA &

DNA F%2 CTAB ®H(Doyle et al., 1990; Lodhi et al., 1994, Chang et al., 2017)° 1}
ghA =3ttt AUS-[ Camellia sinensis (L.) O. Kuntzel2] 13k Aol A S 33t
MAALE Hrlste] 3313 Y. CTAB isolation solution (98% 2x CTAB + 2% B-
mercaptoethanol, v/v)S &2 H7Fstal 1AZF &5<F 65TolA 73 & 5 &2 4TolA

WA Z Tk, WZEA 71 Al 29 phenol: chloroform: isoamylol (25: 24: 1)< CTAB isolation

-
2=

solution¥} FY3F A4S Aoj:a YA EE7](VS-15000 CEN 1, Vision scientific Co., Ltd,

Korea)& 15+ &<t 13,000rpmoll A A7l $ A s AEE FH HAFTAG. 44
Myl Z+e ko] phenol: chloroform: isoamylol (25: 24: 1) ©A] 43 15% <t
13,000rpmell A A2 2 = AR NS oAl A FER GFHoH, Tl A F9
isoprophyl alcohol®} 410] 2 Z7oA LAREls ths HHE DNA pellet o]9l9] E&

LS A AU, HAAZ] genomic DNAYE 70% ethanol® 100% ethanol® x}#E| 2 A& 3t

% TE buffer®} 1uL9 RNaseE #H7}slo] 308 %<k 37Co|A 7Fg3te] DNAS S EAZ T}

o] F=3% genomic DNAYE #3433 = A(UV-1650PC, Shimadzu, Japan)E o] &3le] =
=A% & 1yl 10ng9 & AeFet oS —80ColA B st

3. SSR primer A

SSR primer= TM, MSE, MSG, KF¢| & 4FFE AH&3k3ith. TM, MSE % MSG® SSR
primer+= ¢ =oA HiaE(Ma et al, 2010; Taniguch et al., 2012) 607} & <3 FA ol A
e AlS ®o] AutE(Chang et al., 2017) SSR primer 15705 A ¥&te] AL&-319 tH(Table 2).
KF SSR primert $<c3} 349 o} Zo4 mRNAS FE39 cDNA libraryE A3k 3

7}7te]l 71 EdS BAsa Mg SSR primer 2967 Fol A £, 54 2 Fl AlEo| dsh

£
i)
ogh
o,
ftlo
o
£
r >
i)
i)
’9.

19 SSR primer 307} & AF&3F tH(Chang et al., 2017), (Table 3).
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4.PCR % ¥ SSR t+34 &4

PCR ®b-go A2 10X PCR Buffer 2ul, 10mM dNTPs 2ulL, 10pmol primer 1pL, 10ng
Template DNA 1ul, 0.5 U Tag plus DNA polymerase 0.2ul. (Dongsheng Biotec],
Guangzhou, China)el DW 13.8uLE H7}ste] HE wH&dS 20uL=2 A8t ARESFSIH
PCR Z=%& T100TM Thermal cycler(BioRad, CA, USA)¢} 96 Well Thermal Cycler(Applied
Biosystems, Waltham, MA, USA)S A}-&3}0] 94Co|A 58 59 Pre-denaturation® 33}
3L 94Ceo A4 10% denaturation, 55ColA 1% annealing, 72ColA 30% extensione 353
HEESE S 72T A 10 &< #HE extensions F3kqlh. Ay b3y #48& ¢t
o TE3 ELS W75 HA (MGU-602T, CBS Scientific, Del Mar, CA, USA)E ©]&-5}¢

A719 %S 33 T gel documentation system (Azyre Biosystems, Dublin, CA, USA)& ©]

ofo
QL
£
_110

do =z wpAEY A9 FEH] FHE gl

5. frA34 doly £4

ZF mpA o g iy FdA WlE(major allele frequency, Mar), 8 22 4=(number of
alleles, Na), 724 t}A (gene diversity, GD), ©]¥ d 34 (Heterozygosity, Ho), T+3A A
4~(polymorphic information content, PIC) ¥ 2% A&E PowerMarker V 3.25& A}&3}
o] 24319 tH(Liu and Muse, 2005). UPGMA (unweighted pair group method with arithmetic
mean) A%+ MEGA V 5.05(Arizona State University, Tempe, AZ, USA)E ©]-&3s}o] 24

3} tH(Tamura et al., 2011).
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m. 23 2 a3z

1. % EFo)A SSR npA el Ty BA
A EF9 el A3 SSR HAS Awetr] gAH FYERA] EFRIE 0|

Hol A= A 1770 FFol s SSR primerEs &3] PSS A8 T £ 4570 9]

SSR primer & 23704 FEHeA S EH3 3PS YEFHATHFig. 2). o5 237
SSR primerE AHESY] Uy F3d2F A%, Oy FA2 5, 44 g, o143 2 o

PJA] Ao 3] PowerMarker V 3.255 o]&3to] #2493 A3}+= Table 49} o} tH
AR 5 2~47012 F 58717F 1= A L vipA & H gE 12 = 25702 YERT

FAA FYL 0.06~0.660=2 HF 0.40019, o FHIAHE

]
(@)
[\
oo

(o]
fru
BN
>
[
o
S
(@)
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KF 0265

300bp—
200bp—

KF 0643

300bp—
200bp—

KF 0696

Fig 2. Representative SSR primers representing polymorphism. 1, ‘Kemsull' ; 2,
‘Beachwisull’ ; 3, ‘Kumnok’ ; 4, ‘Myeongnok ; 5, ‘Chamnok’ ; 6, ‘Hwadeok  ;
7, ‘Bohyang’ ; 8, ‘Sangnok’ ; 9, ‘Sangmok’ ; 10, ‘Jungmo’ ; 11, ‘Yabukita’ ; 12, ‘Ai
37 5 13, “Yutakamidori’ ; 14, ‘Okumidori’ ; 15, ‘Saemidori’ ; 16, ‘Benifuki’ ;

17, ‘Fushun’.
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