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Study on the Utilization of DNA Markers in Tea Breeding

Junichi TANAKA

Synopsis

For the DNA marker detection system for tea (Camellia sinensis), an efficient DNA extraction method
and the original 'e-RAPD’ system were developed. Maternally inherited RAPDs were then detected us-
ing a set of F1 populations derived from reciprocal crosses. In addition, other types of DNA markers
were developed, and these markers could be used for genetic diversity evaluation, parentage test and

marker-assisted selection.

Key Words : marker-assisted selection (MAS), DNA extraction, maternal inheritance, interspecific hyb-

rid, RAPD, e-RAPD, SSR
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Table 1. Performance of the DNA extraction method using
diatomaceous earth and a spin filter

Scientific name Common name

Plant species to which this method could be successfully applied
Equisetum arvence field horsetail
Athyrium niponicum

Cycas revolula

Japanese painted fern
Japanese sago palm

Ginkgo biloba ginkgo
Lawrus nobilis laurel
Camellia sinensis tea

Camellia crysantha yellow camellia

Camellia japonica camellia
Brassica oleracea broccoli
Eruca sativa arugula

Lobularia maritima
Luffa cylindrica

sweet alyssum
sponge gourd

Hydrangea macrophylla hydrangea
Prunus persica peach

Prunus mume Japanese apricot
Trifoliwm repens clover

Glycine max soybean

Citrus natsudaidai natsumikan

yellow oxalis
Chinese tallow tree
benjamin fig
summer purslane
sweet potato
morning glory

Oxalis corniculata
Sapium sebiferum
Ficus benjamina
Portulaca oleracea
Ipomoea batatas
Pharbitis nil

Quamoclit pennata star-glory
Phlox subulata moss phlox
Lycopersicon esculentum tomato

Ocimum basilicum sweet basil

Perilla frutescens perilla
Coffea arabica coffee
Tagetes patula marigold
Artemisia princeps mugwort
Erigeron canadensis horseweed

Solidago altissima tall goldenrod

Commelina communis common spiderwort
Musa cross paradisiaca banana
Crocosmia crocosmiiflora montbretia
Chlorophytum comosum spider plant
Epipremunum aurewm golden pothos
Cymbidium goeringii
Oryza sativa rice
Sorghum vulgare sorghum
Digitaria ciliaris
Miscanthus flovidulus giant silver grass
Plant species to which this method could not be applied
Feijoa sellowiana feijoa
Podocarpus macrophyllus Japanese yew
Fragaria ~ ananassa strawberry

Actinidia deliciosa kiwi fruit
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Fig. 1

go

b.

M 1 2

emmasiifier incubation-—---—- —-—- hefore incubation--—--
M 1 2 3 4 5 6 7 8 1 2 3 4 5 &6 7T &8

Quality of extracted DNA samples using diatomaceous earth and a spin filter from tea leaves.
M: DNA size marker (Mixture of A HindIII digest and ¢ X174/ Hincll digest)
a: Results of electrophoresis of long-PCR products using the extracted DNA as a template. 1: amplified
fragments (5.6 and 5.0kb) of dihydroflavonol 4-reductase gene including the introns, 2: amplified
fragment (2.7kb) of sequence-tagged site.
b: Results of electrophoresis of the extracted DNA digested with restriction enzymes. 1: Hincll, 2:
Sau3 Al
¢: Hincll or Sau3Al digest of the extracted DNA was ligated with Hincll or Sau3Al adapter,
respectively. Results of electrophoresis of PCR products using the ligation products of Hincll (lane 1) or
Sau3 Al (lane 2) adapter as a template.
d: Effect of incubation on the quality of the extracted DNAs. Results of electrophoresis of products of
RAPD analysis of 8 different individuals (1-8) in a segregating population before or after incubation of
the extracted DNAs for one month at room temperature
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Upper row

Lower row

Fig. 2 Results of electrophoresis of DNA extracted from
plant species using diatomaceous earth and a spin
filter and RAPD PCR products
generated with the extracted DNA (bottom row).

M: DNA size marker (upper row: A HindIIl digest,
bottom row: ¢ X174/Hincll digest), 1: field horse
tail (Equisetum arvence), 2: Japanese painted fern

(upper row)

(Athyrium niponicum), 3: Japanese sago palm (Cycas
revoluta), 4: laurel (Laurus nobilis), 5: tea (Camellia
sinensis), 6: yellow camellia (Camellia crysantha), 7:
camellia (Camellia japonica), 8: broccoli (Brassica
oleracea), 9: hydrangea (Hydrangea macrophylla), 10:
peach (Prunus persica), 11: clover (Trifolium repens),
12: soybean (Glycine max), 13: natsumikan (Citrus
natsudaidai), 14: Chinese (Sapium
sebiferum), 15: morning glory (Pharbitis nil), 16:
star-glory (Quamoclit pennata), 17: moss phlox
(Phlox  subulata), 18: (Lycopersicon
esculentum), 19: coffee (Coffea arabica), 20: marigold
patula), 21:
crocosmiiflora), 22: rice (Oryza sativa), 23: sorghum

tallow tree

tomato

(Tagetes montbretia  (Crocosmia

(Sorghum vulgare).
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Fig. 3 Original RAPD patterns in the F; segregating population of tea.
M: DNA size marker ($X174/HincIl digest).
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Fig. 4 Electropherogram of PCR products used for the search for e-RAPD.
M: DNA size marker ( $X174/Hincll digest), OT: original target band, ET: emphasized target band, OX: original
polymorphic band X, EX: emphasized polymorphic band X, UE1-3: bands that unexpectedly became very clear.
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Fig. 5 RAPD pattern obtained by using the 0 G e-RAPD primer in the F; segregating population of tea.
M: DNA size marker ( $X174/Hincll digest[T]
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Table 2. Emphasis and elimination of RAPD bands by using the e-RAPD technique
Band  Bstimated Accession i(llsl;lm;;g Primers or primer sets for the search for the e-RAPD band
name in band  number of igi
anetn ‘ band  OMEMA 5, gp g pge BAOOND §uncno6ooc nemc
Figure 2. size(bp) sequence origin primer T G
T (target) 1120  AB085608 B 0 oo aa oo d
BG
(background) 1110 B . d
A 800 A 0 a
B 760 B + aa 0 O d
UE1 610  AB0S5607 NP g oo ooo oo 0O
morphic
C 580 B 0 O
UE2 375 Non-poly 0oo
morphic
. Non-poly
UE3 370 on-poly ooo 0oo ooo O
morphic
D 190 A 0 0
-, £, 0,00 and O O O indicate the absence or presence and the strength of the band where. -: band was not observed, = : faint band

was observed, [0: band was observed, [0 O: clear band was observed, 0O O: very clear band was observed.

“:Polymorphism was lost by using a mixture of O A and OT primers.
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Fig. 6 Structure of the emphasized target RAPD band
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Table 4. Length comparison between the maternally
inheritable RAPDs detected and the other major
bands derived from the same random primers

Estimated length[d kb

Number

Kind of bands of bands Average + Standard
Error
Maternally inherited
+
RAPD bands 18 1.29 + 0.89
The other major
bands derived from 91 0.62 + 0.38

same random
primers
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Fig. 8 Maternally inheritable RAPD of tea in the segregating population derived from reciprocal cross between
‘Kana-Ck17’ and ‘Sayamakaori’. M: DNA size marker ( ¢ X174/Hincll digest) , SAK: ‘Sayamakaori’, KCK:
‘Kana-Ck17’. Symbols of Y and C at the bottom of the photograph indicate the clones considered to be same

cytoplasm to ‘Yabukita’ and ‘Kana-Ck17’ from their histories, respectively.
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Fig. 9 Genetic inheritances of the maternally inheritable RAPD derived from tea clonal cultivar ‘Yabukita’. M: DNA
size marker ( $ X174/ Hincll digest), SAK: ‘Sayamakaori’, KCK: ‘Kana-Ck17’, YAB: ‘Yabukita’, SAE: ‘Saemidori’,

METL

‘Meiryoku’, NN27: ‘NN27’, SKI: ‘Sakimidori’, OMR: ‘Okumidori’, AST: ‘Asatsuyu’, Z-1: ‘Z-1’, SZ16:

‘Shizu-zail6’, ME52: ‘ME52’, CB1: ‘Chatsubaki-1gou’, C. j: Camellia japonica. Symbols of Y and C at the bottom
of the photograph indicate the clones considered to be same cytoplasm to ‘Yabukita’ and ‘Kana-Ck17’ from their

pedigree records, respectively.
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Fig. 10 Genetic inheritances of the maternally inheritable RAPD derived from tea clonal strain ‘Kana-Ck17’. M: DNA
size marker ( $X174/Hincll digest), SAK: ‘Sayamakaori’, KCK: ‘Kana-Ck17’, KM8: ‘KM8’, SKI: ‘Sakimidori’.
Symbols of Y and C at the bottom of the photograph indicate the clones considered to be same cytoplasm to

‘Yabukita’ and ‘Kana-Ck17’ from their pedigree records, respectively.
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Fig. 11 Large size maternally inheritable RAPD of tea. a: TMIR-Y4 (4000bp). b: TMIR-Y6 (2500bp). M: DNA size
marker (Mixture of A /HindIIl digest and ¢ X174/Hincll digest), SAK: ‘Sayamakaori’, KCK: ‘Kana-Ck17’.
Symbols of Y and C at the bottom of the photograph indicate the clones considered to be same cytoplasm to

‘Yabukita’ and ‘Kana-Ck17’ from their pedigree records, respectively.
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Table 5. List of the tea clones and Camellia species evaluated, their sources and types

Clone name

Source®

Variety typeb)

® N oA w N

48.

Ai9

Ail6

Ai26

Ai37

Ak220

Ak226

PKS161

PKS224

Ace37

SRL9

SRL34

SRL37

Kana-Ck17
Makura-Ck20
Makura-Cp28
Makura-Cp29
Makura-Cm25
Makura-Cm26
Makura-Cn38
Makura-Cn91
Taiwan-yamacha76
Taiwan-yamacha77
Taiwan-yamacha78
Taiwan-yamacha79
Makura-zai-15-2
Makura-zai-66-29
Makura-zai-74-4
Makura-zai-80-19
Makura-zai-116-6
Makura-zai-128-9
Makura-zai-135-9
Makura-zai-2763-13
ASH

Hazan-1

Sonkau-1

Soizan-4

KAG-4

6/8

31/8

TN14-3

D99/10

S15/10

1 Nan. T

1 EP

C. irrawadiensis

C. taliensis

C. sasanqua

C. japonica

India, Assam

India, Assam

India, Assam

India, Assam

India, Darjeeling

India, Darjeeling

India, (East India), Sylhet

India, (East India), Sylhet
Sri-lanka, Tarawakele

Sri-lanka, Tarawakele

Sri-lanka, Tarawakele

Sri-lanka, Tarawakele

China, Anhuisheng, Qimen

China, Anhuisheng, Qimen

China, Zhejiangsheng, Shaoxingxan
China, Zhejiangsheng, Shaoxingxan
China, Jiangxisheng, Dongxiangxian
China, Jiangxisheng, Dongxiangxian
China, Jiangxisheng, Dongxiangxian
China, Jiangxisheng, Dongxiangxian
Taiwan, Kaoshiung, Mt Nan Feng
Taiwan, Kaoshiung, Mt Nan Feng
Taiwan, Kaoshiung, Mt Nan Feng
Taiwan, Kaoshiung, Mt Nan Feng
Japan, Shizuoka

Japan, Mie

Japan, Kagoshima

Japan, Kyoto

Japan, Nigata

Japan, Nara

Japan, Kochi

Japan, Miyazaki

Vietnam

Vietnam

Vietnam

Vietnam

Kenya, Kericho

Kenya, Kericho

Kenya, Kericho

Kenya, Kericho

Kenya, Kericho

Kenya, Kericho

Kenya, Kericho

Kenya, Kericho

Unknown, imported from Australia
Unknown, imported from Australia
Japan, Kagoshima

Japan, Niigata

var. assamica
var. assamica
var. assamica
var. assamica
var. assamica
var. assamica
var. assamica
var. assamica
var. assamica
var. assamica
var. assamica
var. assamica
var. sinensis
var. sinensis
var. sinensis
var. sinensis
var. sinensis
var. sinensis
var. sinensis
var. sinensis
var. assamica
var. assamica
var. assamica
var. assamica
var. sinensis
var. sinensis
var. sinensis
var. sinensis
var. sinensis
var. sinensis
var. sinensis
var. sinensis
var. assamica
var. assamica
var. assamica
var. assamica
var. assamica
var. assamica
var. assamica
var. sinensis
var. assamica
var. assamica
var. assamica
var. assamica
Unknown
Unknown (Red bud type)
Sasanqua 4

var. decumbens

a: Country and site of population origin

b : Varietal classification based on morphological traits
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Table 6. Estimation of genetic variation as determined by
Nei's (1973) gene diversity measure (H) in
populations of tea and related species sampled
from different countries and sites

Country N(sample size of population) H(standard error)
ia 8 0.260(0.014)
China 8 0.217(0.016)
Taiwan 4 0.108(0.020)
Japan 8 0.169(0.018)
Keniya 8 0.201(0.016)
Sri-Lanka 4 0.199(0.017)
Vietnam 4 0.194(0.018)
Wild* Camellia 4 0.270(0.013)
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Table 7. Candidates for the pollen parent of 'Sayamakaori’ and their history

Clone history

Primary candidate
Shizu-8-1-43 Introduced from China, Anhuisheng, Qimen in 1916or 1937
Shizu-9-1-8 Introduced from China, Anhuisheng, Qimen in 19160or 1937
Shizu-9-1-24 Introduced from China, Anhuisheng, Qimen in 1916or 1937
Shizu-10-1-2 Introduced from China, Anhuisheng, Qimen in 1916or 1937
Shizu-10-2-1 Introduced from China, Anhuisheng, Qimen in 1916or 1937
Shizu-10-2-28 Introduced from China, Anhuisheng, Qimen in 1916or 1937
Shizu-11-1-18 Introduced from China, Hunan, Yinzhen in 1940
Shizu-11-1-42 Introduced from China, Hunan, Yinzhen in 1940
Shizu-11-2-15 Introduced from China, Hunan, Yinzhen in 1940
Shizu-12-2-24A Introduced from China, Hunan, Yinzhen in 1940
Shizu-12-2-24B Introduced from China, Hunan, Yinzhen in 1940
Shizu-14-1-4 Introduced from China, Jiangxi, Wuyuan in 1937
Shizu-14-1-37 Introduced from China, Jiangxi, Wuyuan in 1937
Shizu-15-1-16 Introduced from China, Jiangxi, Wuyuan in 1937
Shizu-16-1-27 Introduced from China, Hubei, Yangloudong in 1933
Shizu-20-2-13 Introduced from China, Hunan, Ningzhou in 1937

Secondary candidate
Shizu-5-1-1 Introduced from China, Hunan, Anhua in 1933
Shizu-6-1-1 Introduced from China, Hunan, Anhua in 1933
Shizu-6-1-30 Introduced from China, Hunan, Anhua in 1933
Shizu-6-1-43 Introduced from China, Hunan, Anhua in 1933
Shizu-7-1-5 Introduced from China, Zhejiang, Pingshui in 1937
Shizu-7-1-14 Introduced from China, Zhejiang, Pingshui in 1937
Shizu-7-1-19 Introduced from China, Zhejiang, Pingshui in 1937
Shizu-8-1-1 Introduced from China, Anhuisheng, Qimen in 19160or 1937
Shizu-8-1-17 Introduced from China, Anhuisheng, Qimen in 1916or 1937
Shizu-8-1-28 Introduced from China, Anhuisheng, Qimen in 19160r 1937
Shizu-9-1-3 Introduced from China, Anhuisheng, Qimen in 1916or 1937
Shizu-9-1-26 Introduced from China, Anhuisheng, Qimen in 1916or 1937
Shizu-9-1-34 Introduced from China, Anhuisheng, Qimen in 19160or 1937
Shizu-10-1-5 Introduced from China, Anhuisheng, Qimen in 1916or 1937
Shizu-10-1-18 Introduced from China, Anhuisheng, Qimen in 19160or 1937
Shizu-11-1-40 Introduced from China, Hunan, Yinzhen in 1940
Shizu-11-2-4 Introduced from China, Hunan, Yinzhen in 1940
Shizu-11-2-19 Introduced from China, Hunan, Yinzhen in 1940
Shizu-11-2-30 Introduced from China, Hunan, Yinzhen in 1940
Shizu-12-1-2 Introduced from China, Jiangxi, Wuyuan in 1937
Shizu-12-1-37 Introduced from China, Jiangxi, Wuyuan in 1937
Shizu-12-1-39 Introduced from China, Jiangxi, Wuyuan in 1937
Shizu-13-1-9 Introduced from China, Jiangxi, Wuyuan in 1937
Shizu-13-1-29 Introduced from China, Jiangxi, Wuyuan in 1937
Shizu-13-1-30 Introduced from China, Jiangxi, Wuyuan in 1937
Shizu-13-1-45 Introduced from China, Jiangxi, Wuyuan in 1937
Shizu-13-2-24 Introduced from China, Jiangxi, Wuyuan in 1937
Shizu-14-1-1 Introduced from China, Jiangxi, Wuyuan in 1937
Shizu-14-1-16 Introduced from China, Jiangxi, Wuyuan in 1937
Shizu-14-1-39 Introduced from China, Jiangxi, Wuyuan in 1937
Shizu-15-1-26 Introduced from China, Jiangxi, Wuyuan in 1937
Shizu-15-1-37 Introduced from China, Jiangxi, Wuyuan in 1937
Shizu-15-2-9 Introduced from China, Jiangxi, Wuyuan in 1937
Shizu-16-1-30 Introduced from China, Hubei, Yangloudong in 1933
Shizu-16-2-19 Introduced from China, Jiangxi, Wuyuan in 1937
Shizu-16-2-8 Introduced from China, Jiangxi, Wuyuan in 1937
Shizu-17-1-6 Introduced from China, Hubei, Yangloudong in 1933
Shizu-17-1-42 Introduced from China, Hubei, Yangloudong in 1933
Shizu-17-2-35 Introduced from China, Hubei, Yangloudong in 1933
Shizu-17-2-36 Introduced from China, Hubei, Yangloudong in 1933
Shizu-18-2-15 Introduced from China, Hubei, Yangloudong in 1933
Shizu-18-2-20 Introduced from China, Hubei, Yangloudong in 1933
Shizu-19-1-5 Introduced from China, Hunan, Ningzhou in 1937
Shizu-19-1-37 Introduced from China, Hunan, Ningzhou in 1937
Shizu-19-2-24 Introduced from China, Hunan, Ningzhou in 1937
Shizu-20-1-23 Introduced from China, Hunan, Ningzhou in 1937
Shizu-20-1-30 Introduced from China, Hunan, Ningzhou in 1937
Shizu-20-2-19 Introduced from China, Hunan, Ningzhou in 1937
Shizu-29-2-2 Offspring of introduced tea from India by M. Tada in 1877
Shizu-29-2-14 Offspring of introduced tea from India by M. Tada in 1877
Shizu-30-2-9 Offspring of introduced tea from India by M. Tada in 1877
Shizu-30-2-20 Offspring of introduced tea from India by M. Tada in 1877
Shizu-31-2-7 Offspring of introduced tea from India by M. Tada in 1877
Shizu-31-2-10 Offspring of introduced tea from India by M. Tada in 1877
Shizu-60-1-9 Introduced from Chin, or their offspring
Shizu-CH.30-1-4 Introduced from China, Hubei in 1890
Shizu-CH.31-1-5 Introduced from China, Hubei in 1890
Shizu-CH.30-1-13 Introduced from China, Hubei in 1890
Shizu-K.12-2-1 Introduced from China, Jiangxi, Wuyuan in 1937
Shizu-K.12-2-15 Introduced from China, Hunan, Yinzhen in 1940
Shizu-T.30-1-20 Offspring of introduced tea from Hubei in 1890
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Table 8. Segregation of Sayamakaori-specific RAPD in F; population

Cross combination OpA-8-700 OpE-13-650 OpL-6-400 OpP-1-490
O — P O P O — p O — P
Sayamakaorix Kana-Ck17 26 28 0.7-0.8 25 29  0.5-0.6 27 27 1 23 31 0.2-0.3
Sayamakaorix Okuyutaka 13 8 0.2-0.3 12 0.5-0.6 7 14 0.1-0.2 11 10 0.8-0.9
Sayamakaorix Saemidori 8 10 0.6-0.7 7 11 0.3-0.4 11 7  0.3-0.4 8 10  0.6-0.7
Total 47 46 0.9-1.0 44 49  0.6-0.7 45 48  0.7-0.8 42 51  0.3-0.4

1 2 3 4 5 & 7 8 9

16 11 172 13 14 15 16 17

Fig. 14 Parentage test of the candidates of pollen parent of Sayamakaori using RAPD marker OpP-1-490. 1: DNA
size marker ( $X174/Hincll digest),2: Yabukita,3: Sayamakaori,4: Shizu-15-1-16,5: Shizu -8-1-43,6: Shizu
-9-1-8,7: Shizu -9-1-24,8: Shizu -10-1-2,9: Shizu -10-2-1,10: Shizu -10-2-28,11: Shizu -11-1-18,12:
Shizu -11-1-42,13: Shizu -11-2-15,14: Shizu -12-2-24A,15: Shizu -14-1-4,16: Shizu -14-1-37,17: Shizu
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Table 9. The preliminary selected RAPD primers that
generated polymorphic bands between Camellia
sinensis and C. japonica

Name of _ .
. Primers
Operon kit

KIT-H
KIT-I
KIT-]
KIT-K
KIT-L
KIT-M
KIT-N
KIT-O
KIT-P

OPH-10, OPH-11

OPI-10

OPJ-01, OPJ-03, OPJ-05, OPJ-06, OPJ-07, OP]-13
OPK-09, OPK-10

OPL-03, OPL-04, OPL-06, OPL-09

OPM-15

OPN-03, OPN-06, OPN-09, OPN-13

OPO-03, OPO-05, OPO-08, OPO-10, OPO-20
OPP-04, OPP-11

OPQ-01, OPQ-05, OPQ-08, OPQ-09, OPQ-13,

KIT-Q " 5pq-20




146 goooobOoboooo ooo
aa) M
< ?\-] hn ' 193b
1 . P
>|-‘ UR m v\ S Q. Camellia sinensis 14 clones
: “ 5 9= = A Mt ey e T e
Primers NG S 2 G U =
-_ b. CamEIh'ajapanica 9 ClOneS g{\’abutsubﬂki Nl; l;{YukltsubﬂkiA, Y‘x{;;s‘:’:‘;:&
H Jitsugetusei, YukibatatsubakiA) e
C. ‘Chatsubaki No.1° 160bp
140bp JVL
",
d- ‘Robiraki’
€. ‘Robiraki Progeny No.1’
[
L.
OPQ'O 1 [ 140 0] 100 2 (bp)
Fig. 16 Amplified fragment patterns of SSR marker
TMSLA-45 in tea (Camellia sinensis, a), camellia
(C. japonica, b) and their interspecific hybrids(c,
OPQ-13 d.o)

Fig. 15 Comparison of RAPD band patterns between
tea (Camellia sinensis), garden-variety camellia
‘Robiraki’ and camellia (C. japonica). The arrows
indicate tea- or camellia-specific RAPD bands.
M: DNA size marker (Mixture of A /HindIII
digest and ¢ X174/Hincll digest), C.s.-YAB: tea
clone ‘Yabukita’, C.s.-S24: tea clone ‘S-24’, ROB:
‘Robiraki’, C.j.j.-1: camellia clone ‘Yabutsuba-
ki-1" (var. japonica), C.j.d.-B: camellia clone ‘Yu-
kitsubaki-B’ (var. decumbens).
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Tea (Camellia sinensis) clones

CIQ Clones with the cytoplasm of original Japanese tea

~an - ¢ O Z = om et O U
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M “238 35225 233 é =l

TMIR-Y1

Primer:OPG-07

TMIR-Y3

Primer:
OPL-07+T and PL-07+C

Fig. 17 Maternally inherited RAPD (TMIR — Y1) and e — RAPD (TMIR — Y3) band patterns of C. japonica var.
decumbens, ‘Robiraki’ and C. sinensis (tea) clones that have the cytoplasm of original Japanese tea. M: DNA size
marker ( $ X174/ Hincll digest), C. j. d.—B: C. japonica var. decumbens clone ‘Yukitsubaki—B’, ROB: ‘Robiraki’,

CB1: ‘Chatsubaki No.1’ (C. sinensis x

C. japonica), SAK: ‘Sayamakaori’, KYO: ‘Kyomidori’, SUM: ‘Samidori’,

YUT: ‘Yutakamidori’ ME52: ‘ME52’, Z—1: ‘Z—1’, SZ16: ‘Shizu—zail6’, SYM: ‘Sayamamidori’, ASG: ‘Asagiri’,

TKC: ‘Takachiho’, KCK: ‘Kana—Ck17".
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Fig. 18 Flower of ‘Robiraki Progeny No.1l’
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Fig. 19 Genetic inheritance of the RAPD band from C. japonica to ‘Robiraki Progeny No.1’ via ‘Robiraki’ (indicated by
arrows) produced by OPO-20. M: DNA size marker ( $X174/Hincll digest), C.j.j.-1: C. japonica var. japonica

clone ‘Yabutsubaki-
decumbens clone ‘Yukitsubaki-B’, CB1:
Prog.-1: ‘Robiraki Progeny No.1’, Idn251:
‘Kyomidori’, SUM: ‘Samidori’,

1, Cjd-A: C. japonica var. decumbens clone ‘Yukitsubaki-A’,
‘ChatsubakiNo.1’ (C. sinensis x
‘Indonesia251’, YAB:
YUT: ‘Yutakamidori’

C.j.d.-B: C. japownica var.
C. japonica), ROB: ‘Robiraki’, ROB
‘Yabukita’ SAK: ‘Sayamakaori’, KYO:
ME52: ‘ME52’, Z-1: ‘Z-1’, SZ16: ‘Shizu-zail6’, SYM:

‘Sayamamidori’, ASG: ‘Asagiri’, TKC: ‘Takachiho’, KOM: ‘Komakage’, KCK: ‘Kana-Ck17".
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Tablell.

Correspondence between mulberry scale resistance and DNA markers for MAS in the local adaptability test
in tea
Strain Cross combination Mulberry scale resistance MSR1-S1  MSR1-S8

Miyazaki 17-gou Sayamakaorix ME52 Resistance O 0
Miyazaki 23-gou Sayamakaorix Miyazaki 8-gou Resistance O 0O
Miyazaki 24-gou Sayamakaorix Shizu-Inzatsul31 Resistance O O
Makukrazaki 20-gou Sayamakaorix Yaeho Susceptible — —
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Kanaya 23-gou Sayamakaorix Z-1 Resistance 0 0O
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Study on the Utilization of DNA Markers in Tea Breeding

Junichi TANAKA
Summary

The final goal of this study is the modernization of tea (Camellia sinensis) breeding by the practical
marker-assisted selection (MAS). DNA markers were available to evaluate genetic diversity and parantage
tests. For DNA marker detection, an efficient DNA extraction method is necessary. The method described
in this paper is simple, rapid, low-cost and applicable to the extraction of DNA from polysaccharide- and
polyphenol-rich plants, like tea. Based on the technique, the emphasized-RAPDO e-RAPDU system de-
scribed in this paper could make minor RAPD bands clearer. Maternally inherited RAPDs were detected in
F, populations derived from reciprocal crosses. The maternally inherited RAPDs can be used for typing
the cytoplasmic DNAs and determining which was the seed parent. DNA polymorphisms linked to murber-
ry scale resistance gene MSR-1 were detected and some allele-specific markers for the gene were de-
veloped. By the combination of an efficient DNA extraction system and the highly allele-specific markers,

the MAS system for murberry scale resistance was established in tea.
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