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Summary

This study was conducted to evaluate the efficiency of cross—breeding
with major mandarins including ‘Miyagawa wase  (C unshiu), ‘Okitsu
wase' (C. unshiu), and  ‘Shiranuhi’ ((C. unshiu x C. sinensis) x C.
reticulata) grown in Jeju island. We investigated the seed formation of
mandarin fruits and seed germination characteristics, the frequency and
distribution of zygotic seedlings per seed using RAPD, and the influence of
pollen parents.

Satsuma mandarin ranged in the average number of seeds per fruit from
1.1 to 1.2, however ‘Shiranuhi’ ranged from 0.9 to 2.5 with a variation
caused by pollen parents. The average rate of seed germination was 88.3%
and the average number of seedlings per seed was 9.46.

Five random primers (UBC439, OPKI14, OPY14, OPA-08, and OPJ-08)
amplifying specific DNA markers for pollen parents were selected. RAPD
analysis was carried out with OPA-08 and OPJ-08 for seedlings of
‘Miyagawa wase x ‘Ponkan’, with UBC439, OPK14, and OPA-08 for
seedlings of ‘Okitsu wase’ x ‘Swingle citrumelo’, with OPY14 and OPA-08
for ‘Shiranuhi’ x ‘Ponkan’, and with OPK14 and OPA-08 for ‘Shiranuhi’ x
‘Swingle citrumelo’, respectively. The frequency of zygotic seedlings per seed
resulted in 13.42% for ‘Miyagawa wase’, 9.8% for ‘Okitsu wase’, and 0~
3.85% for ‘Shiranuhi’, respectively.

The analysis of distribution of zygotic seedling and nucellar seedlings
germinated from one seed indicated that 45% of zygotic seedlings were
positioned in the biggest seedlings for ‘Miyagawa wase' and 60% zygotic
seedlings were positioned in the third big seedlings for ‘Okitsu wase’. In
case of ‘Shiranuhi’, it was insufficient to evaluate the distribution of zygotic
seedlings due to a shortage of zygotic seedlings identified. The results

indicate that further study should be conducted to determine the effect of

pollen parents on frequency and distribution of zygotic seedlings definitely.
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I A &

4 (citrus)2 & FH(Rutaceae)] 771 o} 5 Ao 53 FAo Ay =

o]Fojx el 4 (hesperidium)S Zte 7HE ol (Aurantinoideae)dl 438
A ES FH3LH o] 58 ofAlo} oA 71d3dle] FAF o] He AAakA] Sl

of AuEar FA7]el Fyel A, ofF Avisor MUt FA st
3 JtH(Davies®t Albrigo, 1994; Reuther 5%, 1968; Spiegel-Roy<}
Goldschmidt, 1996). Z&9 FAAE 9719 IdAA@Cn=18)E o]Fox U=
(Davies®} Albrigo, 1994), &AA Z71= <F 563 x 10° bpz & Aot}
(Guerra, 1984). @A d AAIA o= del Aujstr d= A, viogd 59
FTE 2EE(Citrus)dll s, FAA A= F25 (Fortunella) ¥ A1
(Poncirus)< E3g 3% thaf o] FolAla vt el A Aujstar A=

Fe WP LFUel L, $AG Fo) wpF wrhd A%y Fgel IVE
A

oy

T AE ANEE 4THECOD) W2 A AA e A 104506H E
(02)9] °F 0.6%E At JTHFAO, 2003; A %, 2005). FF FAl 9o
M 2 kel oF 93%c]aL, 7Eb7E oF 7%olth. fhEe] AN AT FH
SR 363%(C00)E AA sk AFY BAS AW A 71749
shutolty, aid] FH2 7hEe] FEAst mE FAVE stEtH wrbAE] 7
v ALbETreE AGAAY o g o R ool dxFF T 7IFAA 89l
I ohule] o st g Auikle] Fo goR g JrH(L, 2005). L
Huz Asg 2FE AFS ML glolw WA 5 < A
71 2 A8k AlFE AA o))

HES £F& AN FA9 A9 =
=]

Avbat vl & A o BElPTe] g 2t 1YuE 399 A
= F Bede Rt Adel g8 AR Hedva & 4 . o
Fproll A o Zo] M= FHA 49 o|FHFEIF vl Eol T
o Rt Fasith, 29d AvbEstdA, welEdsAd, wieA 5944, T
FAAA A o) e 54 UG TRSE oy o AlEE
IoAEe gQlers FdA, R84 Sol du #AEe fdAde 5~169
2] o] tF(Daviese} Albrigo, 1994; Reuther 5, 1968). 18|22 T} & HFEHT}
T SFago] von §F7|7te] dil §FH|EE ET



wiel SolFel thily FAe Foigw Py Huagel R JFE vl
Ak vhl e @A) FA ol 2 oldel Wik ks AolH, Tt A
b AGH FGARRE VLF wgu(EE FHs fFe) FHzgow
HE SEE FAEE Tt FEe) HE gelth thlge] ARE &
A% 89 os) gebd F % FFol meh Aolsk Uk EH R 4P
2 W aa, #79 FFel WA 9ebd 5 rh(Reuther 5, 1968). &
Fuzel A9E 208 WA, 20050 A} B4 BE 9F Pk B
Feta, PARY ASE wad vt gk

ZA W e ol glolAlel Aolske 2ol dulek A4 S AY AR

FEo e T2 F e F= 1.64~896 HHl o, il
Abe 15 W<l ol Atk (Reuther 5, 1968). Z1ddl 48] 2
Aol nge 3 FFd wel t2v Dancy’ 9 'Kara'9 2% 100%°] 717
3, ‘Kiyomi® ¢+ ‘Clememtine’ ¢ 4% 0%= <¢&HA Aot =547 25+
86% W= & A Qo (Davies?t Albrigo, 1994; Reuther %, 1968) % 4
Ao g Tol g A5 wj§ FFe Aol

U G A BEE Qo] wrar wge) wlgo] wok(sha A
1996). 2P &E =543 AFEFT ST AEH0E FP517] Haix = wiF

o =
o JdAS wola, TA U W & FolH, wy A xV|EA Vs E
o 7
o

Lo
4»

10

1

ox

&

ol

o

WA AR 2 AEE A FE K ] o Fstol

A
Col AeE FWATAA A we] A B Pl ojEd)

%\— O T o = ‘7I:‘E ‘{Fgg
itk 2y AT e FE0 we] A= FEHH] S o9&
Soka o] g o] Hh(Davies ¢ Albrogo, 1994). 1822 w3 AA w7 F4
L z71 Esy] A o r Asiety e FAYETH 7Yl
[e)

= 9 coumarin® wWFAZvtEIHI  FA(Tatum T,
A B4 gas ARvEIY S B4 (Weinbaum 5, 1982), ¥l
ool T8 A BA(EF 1, 1991; Roose®t Traugh, 1988; Soostet Williams,
FEE9 2 Y =(Spiegel-Roy¢t Goldschmidt, 1996), RAPD &
2] (Bastianel %, 1998; Luro %, 1995, Maria %, 2004), SSR #4(Luro %,
1995; Oliveira &, 2000), Z18]3 flow cytometry ¥ ISSR-PCR +4](Tusa %,
2002)°] B o] gk,

adY E9Es B4 5 Ased BAe mze Adi BA® zhe



gl o} Al7]el] whE} w7t grolR] = @ o] glth(Bastianel 5, 1998; Tusa &,
2002). olo] wral DNA #4& th& Aol =i 4o ok ko] A9 glo]
H A7 F7kete FAlolth o] FollAl RAPD #41& 412 #olal H| &%
H| A2 g2 Holoj Al HH AR FAd )t

wehA 2 AFAE T AE Fe FE TR, SR, A



II. A5 ¢ =4y

1. HER=

AEARRE AFdsta st eAE FEsHe2 ol skl A
AE gAdE 5 734 FHZA(C unshiu Marc. cv. Miyagawa wase)
W B AZA(C unshiu. Marc. cv. Okitsu wase)¥ @ X3 F71 392
el Bxfs 2 ‘wRzAde 718 Ay 498 FAS((C unshiu < C
sinensis) % C. reticulata) cv. Shiranuhi)E ©]-&3}o] wujstS vl vli= 2004
W 59 Xo ‘FHZAxPonkan’, ‘&I FA'x'Swingle citrumelo, ‘FA|
3}’ xPonkan’, ‘FA]3'x‘Swingle citrumelo’®] 47] Z3%H(Table 1)o] th3dle] 43§
s} St

Table 1. Cross combinations used in this experiment.

CIZOSS Seed parent Pollen parent
0.
1 'Miyagawa wase' '"Ponkan’
(Citrus unshiu (Mak.) Marc.) (C. reticulata Blanco)
9 'Okitsu wase' 'Swingle citrumelo'
(C. unshiu (Mak.) Marc.) (C. paradisi X Poncirus trifoliata)
3 'Shiranuhi' ((C. unshiu < '"Ponkan'
C. sinensis) X C. reticulata) (C. reticulata Blanco)
4 'Shiranuhi' ((C. wunshiu X 'Swingle citrumelo'
C. sinensis) X C. reticulata) (C. paradisi X P. trifoliata)

AEkzlel wAVIE ASE e ww] 4~59 Aol ‘Ponkan'¥ ‘Swingle

citrumelo’®] UFEZEE Z9o] WHolxy] HAMe] £S HHFo oS mow
HeF7I A 1943 Ahek F shes AFeA derass dds] dd x4
ofdl o e %2 BF AAS vl A4 el et EedE



JAY ARE AAG F FEE £ ol§3te] FARAL AN Ul AN A
Blolol A auj Fo] olF e WA EAE W AL gtk wuse
sels wae] Auize Yol Fokol FARAL. A 4% o= 1
& 581 T0% AALIER A wULS 108 AE A5aAT Tl
A5G B A R Wam e wow AN F Ao FAE A
Adgh A5d FAE v 2HF MT WA HEen 24P 8T,
1677 BF7Del A WolE fEshglth WolRw Y F A T A4 B
A FHE £ BReAY

Z. Total DNA 52

7l A 3709 o] A& A=A FHS AMAT F, olF HARALE|
Hol A dARE dd vh5 AR wpfepqint. vk =49 total DNA #32]+=
G-spin™ Genomic DNA Extraction Kit (for plant) (NtRON, Korea) =
G-spin™ IIp For Plant Genomic DNA Extraction Kit (iINtRON, Korea)Z ©]
gstol st

HA G-buffer 390 ptE =Hab weo] HAIA sto] Apdbe] ¥ AfE=E 15
ml tubed] Xo}x Yt} Enhancer &9 65 w09} Poteinase K &9 2
RNase A €9 7} 10 pl S tubed] ¥ & A % 66CAA 15~30% &<t
sttt Al2E Bod 2 afA7]7] & widets sk W 5&E ke tubeE
3] invertings}3th. PPT buffer 100 0= #7138l vortexingdr & <39 A
i Fet AASA T o] E 13,000 rpmel A 7 Bk YA & 4o
200 WS MZ 15 ml tubedl %7t} Binding buffer 650 wE ¥ & 4
t} A £NS G-spin'™ columnel] 21 13,000 rpmol A 138 EoF YA 27 s
5 Ayl UL §9S W Hrl Washing buffer A £ 500 S G-spin®
columnel] 21 thA] 13000 rpmol A 18 S<¢F AAEHS T A8x ¥ &9
< v @t} Washing buffer B & 500 wE G-spin' " columnell 1 13,000
rpmoll A 137 sk AAEES & A v AS Ha v ZAF 13,000
rpmell A 18 Fek dARGE Sk 183 G-spin'™ columng F7 0|
2872 2 1.5ml tubeo ¥l elution buffer 100 wZ e Ag v A
2o A 1% ek A T 13000 rpmolA 18 B YAESATLE o) F
G-spin'" columng AAsL FE3 DNA §4& A2 1.5ml tubed] Y1
4T Bysto] oAl A&t

=



3. RAPD 54
1) PCR BHE O WS

PCR "+$42 AccuPower PCR Premix (BIONEER, Korea) (dANTP 250 uM,
MgCly 1.5 mM, Tag DNA polymerase 1 unit, Tris-HCl (pH 9.0) 10 mM, KCl
40 mM)oll template DNA 25 ng# primer 50 pmolesE A7} &3%+3le] = w3
A 20 W= ZASFI Y. PCR ¥FE-2 PC-808 thermocycler (ASTEC, Japan)ell
A 94T 2% DNAC] dd 9 ®IAdS AR o 94T 1% WA, 42T 1% 23,
72°C 153 A17%e] 403] wbE 5 72°C 7+ b3t g o=m st 18
ATA Hastdoh

ZZg AES 1 mg/mlY ethidium bromide’} 59+ 1.5% agarose gel
(Cambrex, US.A)ol 5 ¢ loadingsltiz MGU-602T HA719% %X (CBS.
SCIENTIFIC CO., U.S.A)°lA POWER PAC 300 power supply (BIO-RAD,
US.A)E ol g3te] 167 VO Agoe= 508 &t 171952 3tk DNA &
Z REa]Are UV transilluminator Aol EDAS 290 A 2= #l(Kodak, U.S.A.)
o7 AR #YF st

2) Random primer 18} Q) RAPD 5144

‘T2 A’ x‘Swingle citrumelo’, ‘&3 &4’ xPonkan’, ‘%A 3} xPonkan’, ‘%A
3'x‘Swingle citrumelo’® 471 wujFRgolA mF A A A3k
random primerE A2tz ZFE DNAZEAO A olu] ®Hi11E OperonAle
OPK14, OPY14, OPX20, z8]a2 OPL039] 4% (s, 2001) 2 Conifer Operons
(OPA-06~0PY-17)2] 23% 3} UBCAHUniv. of British Columbia Biotechnology
Lab., Canada)9] UBC401~UBC450 50%, % 77% 9 random primers Ao =
PCRE F3gt & 2pdzlol& gl gtz EAlsk= o] bandg HA A 7]

= 5%9] random primerE A4a}l$ o (Table 2).

Aet 539 random primerd] WA E Lol AEA Y oH UL AFH
sk & 67014 &F3ta F%3F DNAC U8l RAPDE Fd3tdtt. o1 A3} &
A 5o ZZ band® Hol: DNA®| WajAE thA AAEZ DNAZ %9
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Table 2. Random primers and their sequence and GC content used in this

experiment.

Primer Sequence GC content
(5' -39 (%)

UBC439 GCC CCT TGA C 70

OPK14 CCC GCT ACA C 70

OobY14 GGT CGA TCT G 60

OPA-08 GTG ACG TAG G 60

OPJ-08 CAT ACC GTG G 60




1. 23 9 u3

1. 2w Jpde] Bx gys WU Sxkgol 54

& Z A xPonkan’, ‘&7 ZA'x'Swingle citrumelo’, ‘F*] 3} x‘Ponkan’, ‘%A
3'x‘Swingle citrumelo’®] 470 Z3to] whdl ww) A o =x P4 EAHS
Table 3o YetATE A & Fi FAG5E ‘TS SRR AN 7
7ZF 1.1 092 fAeE T 28 ‘BR3P  A = ‘Ponkan’e] 3RS o] L3k A
o1 1302 %ZUWLEE} k7t = A3Fol9l o} ‘Swingle citrumelo’s] 3HE
= o] &3 A= 258 2v) ol = vUeEHt. 2y FA FAEE 1d T
Agole Uy FAs e Ae A PFA4LE HelA A Aolrt gle A
o7 ey

Table 3. Seed formation of mandarin fruits harvested from four different

Crosses.
Fruifs Total F PR Aver. no. Aver. no.
Cross (NG.) seeds (No) seeds full seeds
‘ (No.) ‘ one fruit one fruit
'Miyagawa wase'
X 158 179 140 1.1 0.9
'Ponkan'
'Okitsu wase'
X 97 122 95 1.3 1.0
'Swingle citrumelo'
'Shiranuhi' X 'Ponkan’ 15 14 7 0.9 0.5
'Shiranuhi'
X 19 48 23 2.5 1.2
'Swingle citrumelo'
Total 289 363 265 1.2 0.9




E % (Citrus) HAANA F2 AL A2 84 Ee wfexbe] #A F
I EE T4 &olA, FAMY 7HY e vl Aol w A= S8 F Q)
o3 JEFS A "h(Frost9d Soost. 1968). & Ao A= A T F FTAF
o] HuLo A FHiol T ‘FA A =A Y, ol FAFQ &
oz AZAFHJY. eyt ‘BA s oA ‘Swingle citrumelo’®] S-S o] &3
3% ‘Ponkan’®] shi& o8¢k FHTE =4 vERG S g o] e o
AFolebal shr| Rk wajE X ste] o) yEeive AR FAHHA. o=
TG ‘Ponkan'®] shES ‘TR A dEyFEcte] wujd Aol = ‘3l
x| - ‘Swingle citrumelo’®] 3}ES o] &3 A9 FTA FAFEoA AL
Apol7b fAdar, ek §A 57 YA xPonkan’e] wuloll Al Felgh 3o 2
W E3ste] o w FehE AT

w3t C volkameriana Pascuale®] Aol Hi F FAF 2 F2S T2
T= 42 359 2970 o]t (Maria &, 2004). WA, 2FA 1] sFe] 3RS
wujg A Hd G Hd FA SASFE 28R T (E A, 1996). = A F el
M= g A(1996)0] A F-ol A et fFARSHAl BE ZgelA A & Hd FA
T 12093 T4 T2 5 097195 f9F 2ol C volkameriana Pascuale
of Bla} ‘THEA, SAXA, e FH e wud FFAAN AGH T F
Ab7E A2 ol s H O wiF] BN #HHEcte] i e FAHo] &
st b7 WY Ao AZHH

MT wjAol s}Fsto] wjek 3/ Fol AR T} dols, T2 @ H

AT 5 TAEL 5EAS Table 40 YRSt H T4 %0}%8 88.3
R, FHEAAA T = 925%E LR vk 2] 51 xPonkan’®] 73
T 63.6%% 7HE wskv Yy o] A B AR T gl Vs e
, A% FA= A9 100% HLO}O}b Ao=w yetwth 12rE £33 3
o e 2k wob&9o Aol gle AR FAHJ
Hat FA G Woldt AAF= ‘FHZA *Ponkan' 2o A= 9.3671, ‘T
ZA'x'Swingle citrumelo’ Z&olA+= 10.1878, ‘FA3'xPonkan’ Z &M=
107171, ‘F-A13F'x‘Swingle citrumelo’ Z3tel A= 83170, 28]a 47 2§ A+t
T T AT 94670 2y FFZE Aboleh e o gk kel of
A= B s

&

Hm



Table 4. Germination characteristics of mandarin seeds obtained from four

different crosses.

Total Full Seeds Seeds . Total Aver. 1O Seed
. Germination . seedlins
Cross seeds seeds sown germinated (%) seedlins one loss
(No)  (No.)  (No.) (No.) 0 (No.) (%)
germ.
‘Miyagawa wase’
X 179 140 161 149 92.5 1395 9.36 10.1
‘Ponkan’
‘Okitsu wase’
X 122 95 58 51 87.9 519 10.18 52.5
‘Swingle citrumelo’
'Shiranuhi'
X 14 7 11 7 63.6 75 10.71 21.4
'Ponkan’
'Shiranuhi'
X 48 23 34 26 76.5 216 8.31 29.2
'Swingle citrumelo'
Total 363 265 264 233 88.3 2205 9.46 27.3

2(2005)0 olstd 2FE 73} ‘Ponkan'el H wiel F= Z+H7 20.870 9
30471 o]t} T Frost®t Soost(1968)0 et 2524 3te] Ht T F 4
Ars 14470 oAtk 18 B g o529 o7} utF B ol e we} gt
As AYdA, ofyd = & Aol AS F Avtx ABZEn. Froste
Soost(1968)= &2t & WY &= 3 dFolA = a
T W w2 g2 gujds 7EA AL 2l s
oz d@Aol glvtal sl =E FA G e e urY 5F Ay +F
o] FoldFE HASHA FhetaL, FFl wet xbol= UARE T G o]
Hobe 2 & AAFrE Ao F2 3 w2 9 AASE Kishiu
mandarin<  Z+ 1.02709} 1.007f, Trimph grapefruits 2+ 1.187R<} 1.087H,
Rangpur lime< ZF 1.7078¢} 1.087], 2#:Xx+= 2+ 279709 13170, 18l
Rough lemon2 2z} 29070 2.0070 5 FFo wzt thdsts

oo
5
r



Table 5. Classification of seeds obtained from four different crosses on the

basis of the number of seedlings.

Seedling group (Subtotal seeds no.), Percent

Cross Seedlings germinated from one seed (No.) s/sW
Frequency of seeds (No.)
1-5 (44), 29.5% 6-10 (49), 32.9%
i 1 2 3 4 5 6 7 8 9 10
agawa o T 9 12 6 6 15 13 9
wase 94
x 11-15 (36), 24.2%  16-20 (15), 10.1%  21< '
'Ponkan' 11 12 13 14 15 16 17 18 19 20 3.4%
10 12 5 3 6 2 4 3 5 1 5
1-5 (13), 25.5% 6-10 (22), 43.1%
Okitsy L 2 3 4 5 6 7 8 9 10
wase' - 2 1 4 6 - 4 8 5 5
- 11-15 (8), 15.7%  16-20 (5), 9.9%  21< 07
Cistrwﬁgelli, 11 12 13 14 15 16 17 18 19 20 5.9%
" 1 2 - 4 1 - 1 2 2 - 3
1-5 (10), 38.5% 6-10 (10),38.5%
1 2 WERE binbnoikl xBietsory (18
'Shiranuhi' 2 - 3 - 5 2 1 1 3 3
. 10.2
Swingle 11-15 (2), 7.7% 16-20 (2), 7.7% 21< -
citrumelo! 11 12 13 14 15 16 17 18 19 20 7.7%
1 - - 1 - - - 2 - - 2
1-5 (2), 28.6% 6-10 (2), 28.6%
1 2 3 4 5 6 7 8 9 10
'Shiranuhi' ~ - 1 1 - - - - 1 1
St 11415 (2), 286% 16-20 (=) 01< 83
Ponkan' 11 15 13 14 15 16 17 18 19 20 14.3%
- - 1 - 1 - - - - = 1
Vg/s: average number of seedlings per seed.



o} *a“ﬂ*’?oﬂ a2 }—X}—J W% & Table 50 YeERSTh ‘Tz A &
2 F A T 12000, SR = 23570, 2ga ‘FASPAME 1~
2671 2 theka} ME]- I Eﬂ Maria 5(2004)° 28} C volkameriana Pascuale
°of A% A 7 vl = 1~670 oI, Bt wje F= 1570 ©] AT Frostet
Soost(1968)el &at™ Fo we} trEAw 7bd B wo £5 UehyE F&
C. mitis®= T2 3 v 7} 896701l om, wol A = 162700k L
R 11%77}1]94 AFH e} B w wjg =S FAE UERY I 9lo, ¢
Aol wF Foll AAME w7t Eshsto] Tolst= AQNA, e THE Aol =X
e FAAA = EY e

13

pud

ol
1orE N

KeX
525%%5 UERo] #ede] Aol BT F &S
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Z. RAPD 4o 2|ft aFtade =5

‘T Z2A xPonkan'e] Ao wHE wx AAS F43t7] 913 OPA-08%
OPJ-08 270¢] random primer7} A=t Awkst OPA-082 OPJ-08, 271 <]
random primerS ©]&3}o] ‘“FHZFA'x'Ponkan’ W ujZge] A Ao 3 RAPD
TAES gdd Fde] A7]= 800914 6,000 bpZhAl tstAl WERs tH(Fig.
1, 2, 3 ¥4 4).

OPA-08 primere] 749 ‘Ponkan’el E-o]2<l OPA-080, OPA-080, =
OPA-081250 3709 marker’} FZ = +=d], 24219 markero] thsle] nzt A A4
S X33 JhsAol = 1470, 670, 2 1270 F 197] &% A4 DNAE &<2ls)
RHFig. 1). &g 1970 &3 Aol s oA 7HAE DNAS FE5tL &
Y primerZ RAPD #4& <3 O]-Oi OPA 0800, OPA-082000, % OPA-081250
markerel]l o8 1670, 870, B 1170 & 1570 nizt A& FAsAvh(Fig. 2).
o9y =3 244 ¢ DNAS RAPD &9l Z¥3=z5¥H JiAl¥ DNAS RAPD
A A wF A AT 5 A9 Fig. 19 lane 27, 39, 43 3 108, 471
DNA-OJ 78‘“?*0“*‘: OPA‘OS%()(), OPA—OSZ()O(), ‘:"] OPA—081250 marker” ]’ i‘ﬂ: S 0]'7ﬂ
TEE A= E73tn JMAE DNA 415 F3s Aol

OPJ-08 primer® 7%l ‘Ponkan’o] E°]Z<l OPJ-08s00 markersE AA]
331, o]Z2RY wg AAS E3E ThesAo]l e 1070 &3 A4 DNAE &
15t A tHFig. 3). ol& €8 AAS FAsk= ZHAlol tis vA] 27e] DNAE
Zstal 5 primer® RAPD #4& a3 23 9o wzt A4S 4%
o)

AR 91 E]’(Flg 4)

o)

r r°



M Miyagawa Porkan 12 3 4 5 6 7 1213 M M Miyagawa Porkan14 15 16 17 18 19 20 2122 23 24 25 26 M
M Miyagawa Ponkan 27 28 29 30 31 32 33 34 35 3637 38 39 M M wmiyagawa Ponkan 40 41 42 43 44 45 46 47 48 4950 51 52 M

63 64 65 M M Miyagawa Ponkan 66 67 68 69 70 7172 73 74 7576 77 78 M

Miyagawa Ponkan M 79 90 91 M M Miyagawa Ponkan 92 93 94 95 96 97 98 99 100 101 102

e v TS S Ewww wm

M Miyagawa Ponkanb3 54

M Miyagawa Ponkan 104 105 106 107 108 109 110 111 112113 114 115116 M M Miyagawa Ponkan 117 118 119 120 121 122 123 124 125 126 127 128 129 M
F

R

M iyagawa Ponkan 130 131 132 133 134 135 136 137 138 139 140 141 142 M M Miyagawa Ponkan 161 162 163 164 165

Fig. 1. DNA amplification of both of each parent and mixed seedlings of
‘Miyagawa wase X ‘Ponkan’ using OPA-08. M: molecular weight markers
(1 kb DNA Ladder).
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M Miyagawa Porkan 12 3 4 5 6 7 8 9 10 11 12 13 M M Miyagawa Ponkan14 15 16 17 18 19 20 21 22 23 24 25

7 38 39 40 M wiyagawa ronkand1 42 43 44 45 46 47 48 49 50 51 52 53 54

M 55 56 57 58

83 84 85 86 87 88 89 90 91

ieEdnpRERis

=== =

M Miyagawa Ponkan 104105 106 107 108 109 M Miyagawa Porkan 20 216972 M

Fig. 2. DNA amplification of individual seedlings of ‘Miyagawa wase X
‘Ponkan’ using OPA-08. M: molecular weight markers (1 kb DNA Ladder).
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M Miyagawa Porkan 12 3 4 5 6 7 8 9 10 11 1213 M M Miyagawa Ponkan 14 15 16 17 18 19 20 2122 23 24 25 26 M

M Miyagawa Ponkan 27 28 29 30 31 32 33 34 35 36 37 38 39 M M Miyagawa Ponkan 40 41 42 43 44 45 46 47 48 49 50 51 52 M

M Miyagawa Ponkan 53 54 55 56 57 58 59 60 61 62 63 64 65 M M Miyagawa Ponkan 66 67 68 69 70 7172 73 74 7576 77 78 M

M Miyagawa Ponkan 79 80 81 82 83 84 85 86 87 88 89 90 91 M M Miyagawa Ponkan 92 93 94 95 96 97 98 99 100 101 102 103 M

M Miyagawa Ponkan 104 105 106 107 108 109 110 111 112 113 114 115 116 M M Miyagawa Ponkan 117 118 119 120 121 122 123 124 125 126 127 128 129 M

M Miyagawa Ponkan 130 131 132 133 134 135 136 137 138 139 140 141 142 M M Miyagawa Ponkan 143 144 145 146 147 148 149 150 151 152 153 154

Fig. 3. DNA amplification of both of each parent and mixed seedlings of
‘Miyagawa wase x ‘Ponkan’ using OPJ-08. M: molecular weight markers (1
kb DNA Ladder).
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M Miyagawa Ponkan 2 3 4 5 6 7 8 910 11 12 13 M wmiyagawa Ponkan 14 1516 17 18 19 20 2122 23 24 25 26 M

M Miyagawa Ponkan 27 28 29 30 31 32 33 34 35 36 37 38 39 M M Miyagawa Ponkan 40 41 42 43 44 45 46 47 48 4950 51 52 M

M Miyagawa pPonkan 53 54 55 56 M

Fig. 4. DNA amplification of individual seedlings of ‘Miyagawa wase X
‘Ponkan’ using OPJ-08. M: molecular weight markers (1 kb DNA Ladder).

‘T 2 A x‘Ponkan’ 9] A Aol A OPA-08 2 OPJ-082] 27§ random primer
Z RAPD H“%-‘% Wit AAo g gl zhzbe] 1571A9F 9NAl 5 474 A7}
THOE FAH F 209 P HANS 4T F A} (Fig. 2, 4. F F
Abel A v of é_”g T 8% w3 AAe] AEA A7|E ExoA A Bt
A& Table 60l YeEFHATE 1t 20719 w3 AA T INAZ B F
2 & AT 93670 A 7 WA wolste] Fb Al A-E A=A st
o 45% 5 AAstAHFig. 5). Z7|7F 3WA oo m Z AAFE uyg AA
= 70%921 147 At}

fr
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Table 6. Frequency and distribution of zygotic seedlings in ‘Miyagawa

wase’.
. . Size order of seedlings
Segds . Zygqtlc Zygqtlc germinated from one seed
germinated Primer seedlings seedlings
No. No. %
(No.) (No.) (%) ] 5 3 4 5 6-12
OPA-08 15 7 1 3 1 1 2
OPJ-08 9 5 - 2 1 - 1
149
Total (No.) 20 (13.4) 9 1 4 2 1 3
(%) (100) (45) (5) (20) (10) (5) (15)

Fig. 5. Growth comparison of greatest zygotic seedlings identified by RAPD

with nucellar seedlings germinated from one seed of ‘Miyagawa wase X

‘Ponkan’.
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ZAdksl UBC439, OPK14, 2 OPA-08, 3712] random primerg ©o]&3dle] °
2" Swingle citrumelo’ wujz3te] Ao digk RAPD #4433 o3
GH e =7 500004 8,000 bp7hAl thEstA YERSGH(Fig. 6, 7, 8, 9, 10 %
11). UBC439 primere] WallpAd+E ‘Swingle citrumelo’o] E-o]% <l UBC4392s50
marker 17§17} 54 ¥ AHFig. 6). UBC439s500 markerel] &3] w3 A& £+
o 7beAdol e &3 A4 DNARYH e el thFig. 6). L8] aL 471
EF A dis] tAl ZHzhe] AIRFE DNAE FE3t9 Y primer®
RAPD #2418 A3} UBC439250 markerel €]l 179 w3t Aol 4= ATh
(Fig. 7). &3 AAe DNA 471(Fig. 62 lane 10, 29, 35 ¥ 39) & 171(Fig. 6
o] lane 100& A&stz wyg AAS 4T + UJT AL UBC4A392500
marker®] A7} w&E T A7A E3Fste] JHAIE DNAS] RAPD 245
sk A2 WolH thFig. 6).

g oXx odd

ht

M Okitsu Swinge 1 2 3 4 5 6 7 8 9 10 11 12 13 M M Okitsu Swingle 14 15 16 17 18 19 20 21 22 23 24 25 26 M

.
S R L LR L Ll Ll Ll L] L=
L R 2 R A _B_QB &L X B X § R K 1 N e L R R R B R R R ]

M Okitsu Swingle 41 42 43 44 45 46 47 48 49 50 51 52 53 M
S | M et r

o L1 LI LAY RN L
-

N N N Bl BN
mEE

g ——

M Okitsu Swingle 54 55 56 57 58 59 60 61 62 63 M

Fig. 6. DNA amplification of both of each parent and mixed seedlings of
‘Okitsu wase’ x ‘Swingle citrumelo’ using UBC439. M: molecular weight
markers (1 kb DNA Ladder).
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M Okitsu Swingle 1 2 3 4 5 6 7 8 9 10 11 12 13 M M Okitsu Swingle 14 15 16 17 18 19 20 21 22 23 24 M

Mol ek £5

Fig. 7. DNA amplification of individual seedlings of ‘Okitsu wase’ x ‘Swingle
citrumelo’ using UBC439. M: molecular weight markers (1 kb DNA Ladder).

OPK14 primer?] 74%°] ‘Swingle citrumelo’©] 59°]%2 OPKl4i;o %
OPKl14is00 270 marker7} &78¥ At 2k2ke] markerel whsto] wzh AAS
23 s Aol A= A 109 670, & 7Y &% A4 DNAE et
(Fig. 8). &<lgh 770 <3 Aol dis) vt /IAEE DNAE FE31 54
primer=Z RAPD #4& 33 A3 OPKl4izm, OPKl14175 marker® Z}z+ 17
o 47h, o] F 1WA} THEEH T 4 wit ABS Fdn(Fig. 9. =F A
el DNA 771 & 3707F Al =i 47heAqrt wzt AAAS A4S & A @
AL OPKldigew markere] EA7F &8s A7 23] 7MAE DNAQ
RAPD #4& a3 Axw HolxthFig. 9).

==
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9 _10 11 12 13 M M Okitsu Swingle 14 15 16 17 18 19 20 21 22 23 24 25 26 M

M okitsu Swingle 1

=l - i -
= ™ - - =
- = o —--.'-- ﬁ""""""""“-

- - - . -

- - e

M Okitsu Swingle 27 28 29 30 31 32 33 34 35 36 37 38 39 40 M Okitsu Swingle 41 42 43 44 45 46 47 48 49 50 51 52 53 M

FRER=§

'-_""al'--'-ﬁ!.l"lu-----—

. = ettt L L LT

M Okitsu Swingle 54 55 56 57 58 59 60 61 62 63 M

CLE LU LT

Fig. 8 DNA amplification of both of each parent and mixed seedlings of
‘Okitsu wase’ x ‘Swingle citrumelo’ using OPKI14. M: molecular weight

markers (1 kb DNA Ladder).

M Okitsu Swingle 14 15 16 17 18 19 20 21 22 23 24 25 26 M

M Okitsu Swinge 1 2 3 4 5 6 7 8 9 10 11 12 13 M

AT e
.!‘i‘.‘-'_ﬁ'.'-r—ll----_

e -
R N K N =

M Okitsu Swinale 27 28 29 30 31 32 33 34 35 36 M M Okitsu Swingle 37 38 39 40 41 42 M W Ohdun Ginols 42

EEEEE R RS =S

T E EF T T T & F R R B N ]
L

-

Fig. 9. DNA amplification of individual seedlings of ‘Okitsu wase x ‘Swingle
citrumelo’ using OPK14. M: molecular weight markers (1 kb DNA Ladder).



OPA-08 primere] 7-%°] ‘Swingle citrumelo’®] S°]&<2 OPA-08s0,
OPA-08300 2 OPA-081000 370¢] marker’} &A= A}t 222l markerel st
of w3t AAS x3F TheAde] d= EF A4 DNA 77 674, 271 = 19K,
Z 6715 RIS tH(Fig. 10). &3 671 &3+ Al dis] thA] MAE=Z
DNAZ FZ32 59 primer® RAPD #4S% 33 ZA3x OPA-08s00,
OPA-083000 % OPA-081000 marker= 7+7} 17, 370 2 271, & 3709 w3t A4
S ZUth(Fig. 11). &3 AAe DNA 671 5 3707F AL s 374wt wgt
S AT = A B AL OPA-08500 markerd FEA7F EEHI A7A

Z3eto] 7RAE DNA RAPD 2415 33 A2 Hobxth(Fig. 10).

5 6 7 8 9 101112 13 M M Okitsu swingle 14 1516 17 18 19 20 21 22 23 24 25 26 M

M Okitsu Swingle 1 2 3 4

-

- T e S -

— e R S

-
-

e e mm mm e e

- -

—— =

T 1 f Frr

Fig. 10. DNA amplification of both of each parent and mixed seedlings of
‘Okitsu wase’ x ‘Swingle citrumelo’ using OPA-08. M: molecular weight
markers (1 kb DNA Ladder).
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M Okitsu Swingle 1 2 3 4 5 6 7 8 9 10 11 12 13 M M Okitsu swingle 14 15 16 17 18 19 20 21 22 23 24 25 26 M

M Okitsu Swingle 27 28 29 30 31 32 33 34 35 36 M Olbaa Grioks 27 &8 20 40 J142

Figure. 11. DNA amplification of individual seedlings of ‘Okitsu wase x
‘Swingle citrumelo’ using OPA-08. M: molecular weight markers (1 kb DNA
Ladder).

‘B ZA'x'Swingle citrumelo’ 2] A Aol A ‘Swingle citrumelo’o] Eo]# <l
markerE WAA|7]= UBC439, OPK14 % OPA-08, 370¢ random primer®
RAPD #41& 33 A3 wz Aoz glg zhzke] 1/hA, 4784 2 370
A, Z SAAAGCHA S5 &) uxt AAS 4T + AN (Fig. 7, 9 2
1D. g SAeA Y2 o8] AA 5 A ug Aol AEA A7 F3E0
A 2kA 8= 9IRS Table 70 YeERWATH g<lgk 570 wd AA 25 Gt
T2 7 AT 101874 5HA o el FEaAT wig AAYe 45/7} <
b W kol AA T 7P Al A Al sjdete e A oA o= Z
Az = 1~287" & AAdA = wzt Aol sHHA %L ﬂ7l7} 3
HARL Aol w3t Aol 60%<1 377t FEsHATE FAM A Aol FA7t <
dstar 7)o wolste] dwkdow FA Adrta &l A (Frosteh Soost,
1968)¥+= 2e], Maria 5(2004)& iz Ao FFd wf o] st
Hastded, 2 Ao ‘T2 TR A 7 Aot s 9
FAA, ofH Axte] WE 74 o G 7Idg AQMA = =Rt Th

A
i
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Table 7. Frequency and distribution of zygotic seedlings in ‘Okitsu wase’.

Size order of seedlings

Seeds Zygotic  Zygotic germinated from one seed
germinated  Primer  seedlings seedlings
(No.) (No.) (%)

1 2 3 4 5 6-12

UBC439 1 e

OPK14 4 - - 2 1 1 -

58 OPA-08 3 - - 2 1 - -
Total (No.) 5 (8.6) - - 3 1 1 -

(%) (100) ©) (0 (60) (20) (20) (0)

Fig. 12 3% primer (UBC439, OPK14, OPA-08)¢} <l 5A4& 71A 1
FAle] R Ao F stoly 5riAe mF AA AR S ekl Aottt ‘TR
ZA'x‘Swingle citrumelo’®] nlw] A& F 18-3, 29-5 % 41-4, 3749 !
ko] FEF 2l ‘Swingle citrumelo’d E4¢ 39 EAS YEYATE. b
v A 14-3%F 35-5& 28-S 7FA 2 k. 28 E OPK14 primerZ &
A e IHAL T 1RAIQD 18-3 wi AAS 4T & v

54

= T BA AR

OPA-08 primer®Z+ 39

3AA BFE Eﬁ‘% T 2

_1

-\1 m]o

O
—

i=]
ZHA A e wR AA 18-3, 20-5 B 41-4,
pr1

At} EE OPKI4 primer® 299< 714 g A4

>~
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18-3 (OPK14, UBC A-08) 29-5 (OPK14, UBC A-08)

41-4 (OPK14, UBC A-08) 35-5 (OPK14)

14-3 (UBC438

Fig. 12. Zygotic seedlings identified by both of RAPD and tri- or bi—foliate

leaves in progeny of ‘Okitsu wase’ x ‘Swingle citrumelo’.

2 AgedA gAY S FEX 5ol DNA m
H(OPA-08 % OPJ-08) A3l RAPD ¥4& 33 A3 A3 wx A4
o] vl &2 1342%°]th Wi ‘TR EA] A9 % 5ol DNA marker A
4 primerE 370(UBC439, OPK14 % OPA-08) Awutalo] RAPD #41S $33h
Axt 54T wg Ao u&e 98%0Att ol 2FUztelA w AAY A
fo] 14% wWelghE Frostet Soost(1968)e] Harsh falstgith B A3 oA
Frost9} Soost(1968)¢] R uH T} thAa A YeEld AL primere] Aol &%
E3sle] RAPD 4o o]-&3F primer 7} 2~370& 34 o] 2WAst= 4
T s Boly ‘T A, EH 5ol primerE 37 A& RS
Estn gARAERGE 0 A4 @A go] BA YEd Aoz nof 3
5o el o3 oz FH AL

‘§-2) 8} xPonkan’'e] ww] Ao zHE wy HAAS A7 fdE 2709
OPY14 % OPA-08¢ random primer7} A=At o=
o] =33 RAPD 4] Z¥#E Fig. 13 % 149 Ye WA}t ©o]5 primero] ¢

arker A4 primerg 2

A primers ©o] &
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d S%E @] A7]= 200~6,000 bpE wFEtl o, 7-874] wylo]l 44
H ATk ol e 72719 FEol td OPY14 primere] RAPD #4]o] A R5F
87l FEigh wde] AAFEATIE H(2002)0] Hieh fFAFSEATE FA S
x‘Ponkan’®] Aol A ‘Ponkan’o] HolA<l wHS zt7b /A FAHEHJ o
(OPY145000 2 OPA-081200), ©]5 marker® 3%k nx AAeo] FAAAA= A3t
A FEA

M shiranuhi Ponkan 14 1516 17 18 19 20 21 22 23 24 25 26 M

M shiranuhi Ponkan 1 2 3 4 5 6 7 8 9 10 11 12 13 M

" TR F .
= =

FEETEEEEEEEEREW

_.-.-' ENEEEEEEEN -

M Shiranuhi Ponkan 27 28 29 30 31 32 33 34 M M shiranihi Ponkan 35 36 37

TEEEsEEEEEE

Fig. 13. DNA amplification of individual seedlings of ‘Shiranuhi’ x ‘Ponkan’
using OPY14. M: molecular weight markers (1 kb DNA Ladder).

- = -
- - - = —_ ——

M shiranuhi Ponkan 27 28 29 30 31 32 33 34 M hiranuhi Ponkan 35 36 37 M

Fig. 14. DNA amplification of individual seedlings of ‘Shiranuhi’ x ‘Ponkan’
using OPA-08. M: molecular weight markers (1 kb DNA Ladder).
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A 5 x'Swingle citrumelo” avf Ao wREH wF HdAE A7 9
2719l  OPK14 % OPA-08¢ random primerE A&atdt) o) &

& o83l 43 RAPD 4 Z3}E Fig. 15 2 169 Yeddde} o=
primerel] 93] FTZH TH AV|E 200~7,000 bpE TR o, 8~971¢]
A o] A E ATt OPKI14 primere] 799 ‘FX]8}'x'Swingle citrumelo’™©] %
o] 42l OPKl4igo marker’}t 3% ¥ 1=, OPKl4is markere]l theh a s A4
S X3 7tsAol e &% 24 DNA 25 g3 th(Fig. 15). &9 2
g Ao s thAl WA DNAE FZ3k3 5 Y primer® RAPD &4
33t A3} OPKl4igo markerol] a8 1702 w3z 2AAS 5743 tHFig.
16). bl &3 A4 ¢ DNAS RAPD &<l ZAF=HE JfAE DNAC]
RAPD #4elA uz A& 54 + dd A2 Bgsd el A4S
33 Axz A"t OPA-03 primerd Ao Eo]#Fel  marker
OPA-081000°] HAE Ao} o5 markerZ 3 wg AL FAHEA oot
(Fig. 17).

to X
Ay ot b

M shiranuhi swinge 1 2 3 4 5 6 7 8 9 10 11 12183 M M Shitanuhi Swingle 14 15616 17 1819 20 21 22 23 24 25 26 M

o (o o o == = = - — =

S RN ]

M shiranuhi Swingle 27 28 29 30 31 32 33 34 M M shiranuhi swingle 35 36 37 38 39 40 41 42 43 44 M

~ENEEEESEEESEE-

-NpANEEREEER S

- e e e

Fig. 15. DNA amplification of both of each parent and mixed seedlings of
‘Shiranuhi’ x ‘Swingle citrumelo’ using OPKI14. M: molecular weight markers
(1 kb DNA Ladder).

_27_



M shiranuhi swingle 94 85 96 M M shiranuhi Swingle 103 104 105 106 107 108

Fig. 16. DNA amplification of individual seedlings of ‘Shiranuhi’ x ‘Swingle
citrumelo’ using OPK14. M: molecular weight markers (1 kb DNA Ladder).

M st swingle 1 2 3 4 5 6 7 8 9 10 11 12 M M shiranuni Swingle 13 14 15 16 17 18 19 20 21 22 23 24 25 M

M shiranuhi Swingle 26 27 28 29 30 31 32 33 34 35 36 37 46 47 48 49 50

M shiranuhi Swingle 78 79 80 81 82 83 84 85 88 89 90 M Shiranuhi Swingle 91 92 93 94 95 96 97 98 99 100 101 102 M

110 111 112 M

M shiranuhi Swingle 103 104 105 106 107 108 109
[

N i i — — —

Fig. 17. DNA amplification of individual seedlings of ‘Shiranuhi’ x ‘Swingle
citrumelo’ using OPA-08. M: molecular weight markers (1 kb DNA Ladder).
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‘B2 3} x‘Ponkan’ ¥} ‘%A 3}’ x‘Swingle citrumelo’e] n®] A Aol th3k RAPD
A3 OPKldise markerel €8 170 uzt AAwko] FA4¥dnt. o &
0] wg Aol & FA o] o] WA F A7) £A7F olE A 5]
A& Table 9o YetlATh A wyg A A AT A+ 831
Mol A 2717 iAol £4 2 AR
=

N =2
citrumelo’ ¢ 5491 39 54€ 73 A

s

o
j‘o_l‘ ¢}
e

ki FEFHQ ‘Swingle

.

ok

A=

;91

Table 8. Distribution of zygotic seedling from ‘Shiranuhi’x‘Swingle citrumelo’.

Seeds Zygotic  Zygotic Size order of zygotic seedlings
germinated Primer seedlings seedlings in one seed
(No.) (No.) (%) 1 9 3 4 5 6-12
26 OPK14 1 (3.85) - - - - - 1

B Ago A ‘H-A 3 xPonkan’ E ‘H-A] 3}’ x‘Swingle citrumelo’ 2] A A5 chol|
AE 3R 5042 DNA markerE AAsE OPY14, OPA-08, OPK14¢] 3
0 primerE Awsle] RAPD E4Z23 1719 w3z A& s 548 = AU

AR AN
ot FA 9wz A H&L 7 0% 2 385%= eyt agnz g5
W FAEE AL Ho itk wpebA RAIE e B ux A4 B &l v
o FHA EAS AT e Ao w AzE T
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AT E FU gE T8 FEQ THRA, SR, FA 5P A
WAEF 2&8 FUhsle V2 ARE FRIx FE9 34T wwlEA 3
A4 Are wol 54, 18al RAPD 4]l ost w3t AAe] njg 2 Fxe}
shixle] JFs wA AT

e G Fd il FA e 2F9RY 4 L1~-1270 ooy, ‘FA Y
o] A9 ez d&go] wel 09~2570F WHolrt vk Hit FA Fol& S
883% Ao, wolFal & it AA F= 94671 o]tk

SHEXl Bo] &% DNA markerE A3l random primer 571 (UBC439,

OPK14, OPY14, OPA-08 ¥ OPJ-08)& A&stAdtt. ‘& Z=A'xPonkan’e] 7
S = OPA-08 ¥ OPJ-08%, ‘2 xA'x'Swingle citrumelo’e] A $-ol&
UBC439, OPK14 % OPA-08%, '##38F'x'Ponkan’®] 7%+ OPY14 %
OPA-08%, 183 ‘F-2]8}'x‘Swingle citrumelo’'®] 7 $-ol= OPK14 2 OPA-08
< ol&3te] RAPD #41& Fdadth 2 3 ug A4 v &2 T A o
A 13.42%, ‘“SRZA A 9.8%, | ‘FAsPAAAE 0~3.85% ez E

AN .

WA A4S A W BER FAZAY B 46%7 1H A A, FAE
Wel A% 60%7k 30 A=Al AAFG o, HAF AgE wy 449
b Ao} WEA grgkeh SR o @ wg Aol WES BEo) mAE o
Fo A4 gt
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