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I. A4

A& otdd 71de 2¥iA (2n= 2x = 18) AER, Fdd AFH A=
AAA A AFow AAANA 7 FHLAsHA AAE = e ZEolv(Ollitrault

and Navarro, 2011). =<2 °F 13078 =7}l AufE glom = Aab=r

lo
ofN
M
s
AL
N
g
Al
g,
>,
kU
oj

o=, ol #7h9 20213 7|+ AAEFS Al

= AArEES] 49.9%91 oF 8-AW ES 71235t QTHEAO, 2021).

T RS 2 S oA THE F8% BAola o §F F3x9 sk
o]t} (Yamamoto et al., 1995). A7F=8tde 3 HA S Akl @943
o} #H o] 91O (Gambetta et al.,, 2013), A7HEsEd 7 #HAE ¥ A%
T B FF 94 2717 EAlel aA 9 et (Recupero et al., 2005).

tefe FF BaoR a3 wl 7137 sojuHA B EF A4

hla

el g8lel og A ¥4 EAn Adel Seld Wy wndc

(Recupero et al., 2005; Navarro et al., 2015). 2#|Qlo A 7} da] A uf= 2

—

ol ZadE e ARHPHOT B FE AW A P e A

7 Ak 2y AE wtgRle] e 8 F535H7] S8 ‘Nova', Tortune” &

1o

w50 EAHENAL, M FA A EAZE B (S RERl Y] 3

7hEeh A =9le] ofyr] wiel Fio] Jhsstal B el o sid
7 7] w7 EE EFClM A sl el 4 AAA £



WHAISE T (Recupero et al., 2005; Navarro et al., 2015). AAIH o2 F& 3
A AL Qe 3A 5FH 3HAE BAkshr] 9% A=AEEHA 4uiA
59 el gefstA A==l 9tk (Cameron and Burnett, 1978; Grosser
et al., 2000; Grosser et al., 2014). 3uj#] ZF& Adntzx o Z wj$A EJoz
b5 131 (Otto and Whitton, 2000), °l= &7dWstel] A9 &S A devt
(Recupero et al., 2005). 23822 38jA] #FFo /AL Fa =] A4 #
T= MEstr] A% 83 FF Ao shbolth(Ollitrault et al., 2008).

Wi FFES S g SFAA TP WIREHA AR E= Yo R e 9l

Ak}, w7191, HEeol SolAE o] &5l tH(Chung et al., 2020). FHEelA

(~f

3ufAl A& 200 7+ wulelA] p Al 2n wlFAIES}E REFEA] 27
A (Esen and Soost, 1971) T+ 4djA9} 2 A7 & Z& 52 4 Q)
t} (Cameron and Burnett, 1978; Esen et al., 1978). ©o]& wHjoA 3ujA] 2] &
& FE FE LS FRA dolA= FewE dHA glon ofe #sk A=
ofzl wlFg AAoltt. 53] WS fEF FFES TATACZTEH AAEH

el o g e] 545 Bskal Sl o A watRel o] wxhul

o

DRFFToAA Y G B o] & ofF = v F 3Tt (Aleza et al., 2010a).
kA & AT Sl Y 4nfAlel 2uiA W delAd o] 2nfA el 4w ZF )

Zgtell w2 FA 4= o 3uiA A= BA ARE Frhetaa s



I.As 9 49

1. &A=
AFdsta AE5sd 9 AFEIAAANE 57159 FAxY 3o A9

2+ (Kanpei)’, ‘#llyrtel] (Benibae)’, o3 W¥A] 283 (Ehime Kashi 28 gou)”’,
‘A A (Kiyomi)’, “F @ 9Elel (Clemenules)’, ‘B2 3 (Tarocco)’, ‘EFeFr] (Tamami)’

= AEARER o] &5t (Table 1). 28>, Hyutel]” 9 B2 3= 23] A

22 S48 542 4uAolth FTANCE o] FFEL et E Aglsta
B g EFEolw Elbvps 87.5%° SER Wl TAE sk 5F
ojth. E7HE AFH W AFFRS 2022 49 WHE 59 X Afo]e] 5

o hEkely] Ao FelM oke st AFAE 9w HEL Yl Kot
25.0C =20 shollA 32~48A17F Wfe] Axsto] AfeRAT. ol& Z2 el &

of wufel]l AFE3F7] M7kA] —20.0CelA HaA3FITH

2. % FE 4 IEHA NF #F
Wz wel —20.0Ce AFE FAW Z7FFE AFFwEsksley. wujrt
Aoz o|FoHE=A] &ty Y s 10Y T 7 wujxghe| uket

olaS AQFH S TE oF<4S FAA (formalin : acetic acid : 70% ethanol, 1 : 1 :18,
v/v/v) fdo] Wo] 4.0CoA ddHlE A AT 1A-E el 33 =H5
2 15%7F 4~51 HA - AlFHES a1, 2N NaOH €99 o] 60.0Ce4 80~90

FoF ABA G the, th 33 FREZ 1583 4~53 FA - AH ekt

P

A 9<ES 0.1% aniline blue (0.1% aniline blueZ 0.1 N K3POy°l £3l) o]

3



Table 1. Parents of mandarin used in hybridizations.

Cultivar name (ploidy) Scientific name Embryony
Benibae (autotetraploid) (C. unshiu x C. sinensis) x C. reticulata Mono
Clemenules (diploid) C. clementina hort. ex Tan Mono
Ehime Kashi 28 gou (diploid) (C. unshiu x C. clementina) x [{(C. unshiu x C. sinensis) X C. unshiu} X C. reticulata] Mono
Kanpei (autotetraploid) {(C. unshiu x C. sinensis) x C. sinensis} x C. reticulata Poly
Kiyomi (diploid) C. unshiu X C. sinensis Mono
Tamami (diploid) (C. unshiu x C. sinensis) X C. reticulata Poly
Tarocco (autotetraploid) C. sinensis Poly




o oA AT 2447 Bk AAGTh AAE e Favel A
o] #YHET A=, dedel AYS AERE oA 3ok (Pok et al, 2015).
AL ol AUAE L= Fekrel $¥I AW ZepAE U] FE F

WS 33w A (Leica DMRBE, Leica Co., Germany) & & 323}t

3. A £F H 71U 3F

As71e AAE FEste]l 70.0% olgbEel 1033F A ske] 3H Absh &
el 25 ARt S s dSst A4EA 70.0% HEE
et i dS S 8o vpESEARl £l 37HAE skl
30.0g/L sucrose® 8.0g/LL plant agar’} H7Fd MS ®jX| (Murashige and
Skoog, 1962)° 3533t FA7F 2olstd 30.0g/L sucrose, 1.0mg/L BA,

0.1mg/LL. NAA 2 8.0g/L plant agar’} H7}E MS vix 2 AT 17§ Lnft

e

AE wEsklth. MS WA= 121.0TCelA 1683 ad o]-g-3k3l2.
M pHi= 5.82 Z3Qdth A W AEA= 25.001C % A3 1641

A el S E A

4. W= AR
WA AdE v BA47) (flow cytometry, PA—II, Partec, Munster,
Germany) £ o]&3] FAEow, w4 AL Song et al.(2011)2] WHO

2 FREY el A= ofd A EA ] (< 50mm?) & AFH o] A

e

S F&3= nuclei extraction buffer €9 400.0ulL.E 91 °F 307 9%

2 Z2A A& 5 30.0um ZHO| AFHAHY. o]F 1.6mL 4,6—diamidino—2—
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Fig. 1. Pollen tube growth in pistils (4nx2n, ‘Benibae’ X ‘Clemenules’ 2nx4n, ‘Ehime Kashi
28 gou’ x ‘Kanpei’ 2nx2n, ‘Ehime Kashi 28 gou’ x ‘Clemenules’). Scale bar indicates
200 pm.



Fig. 2. Sections of fruits at harvest. (A) 4x ‘Benibae’ x 2x ‘Clemenules’, (B) 2x ‘Ehime Kashi
28 gou’ x 4x ‘Kanpei’, and (C) 2x ‘Tamami’ x 2x ‘Clemenules’.



Table 2. Fruit set and seed formation according to interploid cross combinations.

No. of No. of Seed formation (%)
Interploid cross ~ Seed parent Pollen parent pollinated fruit sets Fully Partially Undeveloped Total
flowers (%) developed  developed
4x X 2x Benibae Clemenules 37 14 (37.8) 3(7.9) 15 (39.5) 20 (52.6) 38
Benibae Ehime Kashi 28 gou 68 12 (17.6) 1(7.7) 3(23.1) 9(69.2) 13
Total 105 26(24.8) 4 (7.8) 18 (35.3) 29 (56.9) 51
2x X 4x Clemenules Benibae 84 0(0.0) - - - -
Ehime Kashi 28 gou Benibae 111 28 (25.2) 2(11.8) 4(23.5) 11 (64.7) 17
Ehime Kashi 28 gou Kanpei 166 35(21.1) 11(14.0) 8 (10.1) 60 (75.9) 79
Ehime Kashi 28 gou Tarocco 53 9(17.0) 0(0.0) 0 (0.0) 11 (100.0) 11
Kiyomi Kanpei 4 1(25.0) 0 (0.0) 0 (0.0) 0(0.0) 0
Tamami Benibae 89 13(14.6) 0(0.0) 0 (0.0) 1 (100.0) 1
Tamami Kanpei 114 2(1.8) 0(0.0) 0(0.0) 4 (100.0) 4
Total 621 88(14.2) 13(11.6) 12 (10.7) 87 (77.7) 112
2x X 2x Ehime Kashi 28 gou Clemenules 108 30(27.8) 57(90.5) 6 (9.5) 0(0.0) 63
Tamami Clemenules 135 4(3.0) 34(77.3) 0 (0.0) 10 (22.7) 44
Total 243 34(14.0) 91(85.0) 6 (5.6) 10 (9.3) 107

10



176% 2 252%=, 2wiA2L 4vwjA] ‘Kinnow’e] Huufelx ®ig wf
(Jaskani et al., 2005) & vFx7FA] 2 2x X 4x wztellA 2y&o] =7 YERS
4x X 2x WA FA= AT 2.070, 2x x4x wFe A 1.370, 2x X 2x w3t
oM+ 3.1717F BAEHRN O, Aleza et al.(2010b, 2012a, 2012b) Bt} Ao+
TATE AA BAEAT 4xx2x wFelA WAEAE AAG 0.270, FE
S FA= 077 W uibSEA= 12 42 e O 2x X 4x oA =
A FAEA 0.270, FF ES T2 0.1/ 2 eEsFak 1.0702 e
2xX2x wRANE FAT AFFTAE 2.67], B ES FAE 0.27] 2 vt

SFEAE 0.3712, FAEAFE 2xx2x0A b Zo] Yelga v Ea= v}

A

A

4 AA YEFSTE Aleza et al.(2012b) &} wpx7EA R 4x X 2x 03t

=z
R Ro\ars

>

ARk R g FAE o] FAHNOH, AYEA] FAo] 2xx4x WAL

t @Wth(Jaskani et al.,, 2005) = Hieks g2 2 Apol7F yEhLbA] Skt 4x

10.7%, "SR 77.7% 2 JAAEJT. 2xx2x 32 44527 85.0%,

A7 5.6%, PIESEATE 9.3% 2 B H AU

-z
M
i

Ho
o\

2:3(2xx2x) HEi= 3:5Uxx2x)Q1 BF FA= AR AE s A=A
S FAAN, &0l 314 @2xx4x)] A5 3x8] WE Zte FACAAE dFE
AEAZE] A whdo] 1A Fepm g o] FAfelARE Fd A=Al
Stk B3 E 2t (Esen and Soost, 1973; Esen et al., 1978).

2
= wjRt Hx WdE a7 (Brink and Cooper, 1947), vie] deldA =7]dA
11



2 %243t} (Lester and Kang, 1998). 18] 22 w9} w5 Aloleo] x| 4 =

o]l F 2 Atoleo] AgA AAE wHdAA AA WF EHIE st
o] % wj7} ¥ 3} 7] wiof (Esen and Soost, 1973) 2xX4x nirelA n)eSF

27} ol VehE Ao w Azbect

3. wHjEe] WE WA 5

SAE WAl FFs H=AE G530 ols £ A HA5ES

_I i

4xx2x wFolA 72.5%, 2xx4x WA 18.8%, 18I 2xx2x wFFoA
78.5% % EFSTH(Table 3). Aleza et al.(2012a, 2012b) ol 9&hd 2x X 4x 9}
Axx2x W9 FA; wolge F 2FelA BT EA uEehta & xolrk gl
o B Ao 2xx4x wHle] Wolg W AEA] F5EF0] wj$ WA YE

STE PAFAG HE S FAL dolehA Eau Al 43S wglon

Oiyama and Kobayashi(1990)¢] W= 2xxX4x wH|2] n]d&Ex= vjo)
ool whel 27H4 FHlE EAE, nEEFA § 24.9%7F vi7F Sle viE S
TAZ Yeheth 2 dgrelA mESEAke] dHE TR ko, 4xx
2x wale] A 29709 mAEFFER F 187 (62%) A AEAE EF5sk i
2xx4x wajeM = 87 vEEFEA T AEA H52 1570(17%) o =33

7l el 2xxdx A MlZE gl vEEEAY Aol weke Aow A4

_]\l

b,
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Table 3. Recovery and ploidy level of plants obtained from in vitro seed culture in different interploid crosses.

No. of fully developed seeds

No. of partially developed seeds

No. of undeveloped seeds

Interploid cross  Seed parent Pollen parent Toal 2 ™ x Totl ™ X I Totl X 3x  4x
4x X 2x Benibae Clemenules 3(3) - 2 1 12(15) - 11 1 16200 - 12 4
Benibae Ehime Kashi 28 gou 1(1) - - 1 3(3) - - 3 2(9) - 2 -

Total 4(4) - 2 2 15(18) - 11 4 1829) - 14 4

2x X 4x Clemenules Benibae - - - - - - - - - - - -
Ehime Kashi 28 gou = Benibae 1(2) - 1 - 0(4) - - - 0(11) - - -

Ehime Kashi 28 gou  Kanpei 5(11) 1 4 - 0(8) - - - 1460) 2 6 6

Ehime Kashi 28 gou  Tarocco 0 - - - - - - - 1(11) - 1 -

Kiyomi Kanpei 0 - - - - - - - - - - -

Tamami Benibae 0 - - - - - - - 0(1) - - -

Tamami kanpei 0 - - - - - - - 0(4) - ) )

Total 6(13) 1 5 - 0(12) - - - 1587 2 7 6

2x X 2x Ehime Kashi 28 gou ~ Clemenules 52(57) 52 - - 2(6) 2 - - 0 - - -
Tamami Clemenules 30(34) 29 1 - 0 - - - 0(10) - - -

Total 8291) 81 1 - 2(6) 2 - - 0(10) - - -
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wFAe] 7Y wger F59 AEAY F9S AFs] wisd AR
WA S B30 (Fig. 3), 21 A3E Table 39 YeEWAT v+ HA 2
I 3uAl = 4xx2x e FAFAAA 270 (50.0%), Fi S FAFlA 11

R(73.3%) D wEERF) A 1470 (77.8%)7F BEE AT 28 A= FEHH

82

Forom umA 2/ BF 4mAlR etk 2 el 3uiAls A
By it s FAke vEgEatel A @ol 53T Aleza et al.(2012b) =
gof A ZeErel el 20A ZElwErr e 242E wejste] 0.5% FEE
AAIE B5etglsd], SSR v E ol &8 A% At ol ATk KA

H, FEWERl S AVt o® At dE FEe] W wiel 4njA 2y

BEs w9 A UERbAR Aew waskch wuvkele A9 Arbield
B AR obd A ko] wEe] ole] BAF A7t @ Wy gow
w7k,

2xxX4x WA= TR 5(83.3%), FEESEA A 0] H A
WAl A T (46.7%) 2 3 AT B5EH AT 4uiAlE wESF A4 670
(40.0%) 7} 5 AL Y= 262 e oy 2, 3, 48] EF7 255
Atk Aol g FFS TAXNSE o] §33S w] nFFAl A thFt
il Fx7F A= S 2ok Aleza et al. (2012a) &= 2x X 4x wito A wjubs
Z2+9) 67.0%7F w4, 33.0%7F thlgl e, Oiyama et al.(1990) = #j7} =
286702 wHHFEAA A 78.0%7F lAd, UYWA= theld o2 Byt bp it

R, 2 Aol S-SR thil A SA7E G E A ko, 3ujAl =

e

FEE ol vpdSEAE AN f-H@ol7] W el (Oiyama and Kobayashi,

1991), vufad gl dhuld Skl w2 FAAG e g Aot gle Ae=

14



bt ettntn ity

MWWWWLWNMWN W\\Mmmmwmmﬁmwa

Fig. 3. Ploidy level determination by flow cytometry analysis. (A) tetraploid control, (B)
triploid of ‘Benibae’ X ‘Clemenules’, and (C) tetraploid of ‘Benibae’ X ‘Clemenules’.
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Azt 2x x4x el 4ufA o] wge] #ek A7 BaE itk (Olyama et
al.,, 1991; Jaskani et al., 2007). olu] 48x= Rt = A 2 A w2 2t
Heedd A P Aol Ao, o= 2x E7FFel o Ad +4
o= glsf wkEAl GAE W AAZE F ol SbeAY e 23EARl Y
A2 5 xdo] EAlSkE AS 2x Z7FFl o& 28 dAEvE |

FAH = HAYSe 7113t} (Esen and Soost, 1972). T3 F4u7} dd-st
&

ofN
N

jus)
==

of 4ujAls FAE AT AR g T FR FAo] fd¥ J/EF
AE A= A7 237 R Xie et al., 2019). 4w <] 44

Aozl wZel 3uiAE Aatsty] S Mz 4mA sFoE #8E S

2x X 2x AN TR & 171(1.2%) AN A RE 3uAI7E B 5=,

<

oft
o

WA= B 2uiA v 2x Af--AlS] FEe WAANIEE S50 faAE v
7 z7do] #HE] QA Tk (Barcaccia et al., 1997), dx¥kd o =Z 264 7+ wi
oA R EEe] 2x A BAANIEE W] wiEe] (Cameron and Frost,
1968; Esen and Soost, 1971; Geraci et al., 1975) 3u]A] & 5Eo] uf¢
Holrt,

odTEY 4xx2x wFtelA 5% 37709 A=A T 27719 3uiA
(73.0%), 2xx4x el 21709 A=A = 127019 38iA (567.1%) 7} &5
ATH Axx2x wipelM 7z FAF Fefjol wt 3ufAl= 2dd 0.0870, 0.4270 9
0.53707F B5¥ AL, 2xx4x WA= G GAEANA 0.0671, v
Skl Al 0.08719] 3uiAI7F F5H AT 2xx2x el = AT FdE At

A9k 0.03709 39iA17F E 5= 4uiAl= 4xx2x el 1070(27.0%),

16



2x X4x wHolA 670 (28.6%) 7F BEFH I, 2x X 2x WAt A = FEE A o)

oh dxx2x agtelld Zb FAF FEjell wel 4uiAl= 2" 0.087H, 0.157K Bl

el wiAdel mE wAtell A 4xx2x wRE olgshs Zlo] 3uiAl F5
7 el Aom AZE, 4xx2x elA HAEAR TS B TS TR
gl mE Aol SuiAIZE wol BASH T g wirAdo] v EF ZF a
AM= Fit BE FA 9 updEEAe] g4l B wiZel Y wjefol
wojop & Zlow AZET. ey obA cHunbelr o] AprhE st ol 2x X

dx watellA A=A F5Eo] wgkd AQle] i o] Fahr] wje] ool
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Response of Mandarins to Seed Formation and Triploid

Progeny Production in Interploid Crosses

Ji Young Park

Department of Horticultural Science

The Graduate School Jeju National University

Abstract

Seedlessness is the most important characteristic and one of breeding purpose in
citrus. Triploid is the most reliable way to secure seedlessness and could be developed
by crosses between tetraploids and diploids, or diploids and diploids. The study was
conducted to evaluate the characteristics of seed formation and recovery frequency of
triploid in interploid crosses. In crosses of 4xx2x, 2xx4x, and 2xx2x, normal seed
formation rate was the highest (85.0%) in crosses of 2xx2x, followed by crosses of
4xx2x and 2xx4x. Partially developed seeds were obtained at the highest rate (35.3%)
from crosses of 4xx2x with 0.7, followed by 2x x 2x and 2x x 4x with 0.2 and 0.1 per
fruit, respectively. The number of undeveloped seeds was 1.1, 1.0, and 0.3 per fruit
from the crosses of 4xx2x, 2xx4x, and 2xx2x, and the lowest frequency was recorded
in the crosses of 2xx2x. The plants were rescued by in vitro culture of seeds extracted
from mature fruits, and ploidy levels were analyzed by flow cytometry. In crosses of

2xx2x, diploid plants were mostly obtained with 98.8%, in 4x*2x, triploid with 73.0%

22



and tetraploid with 27.0%, and in 2xx4x, diploid with 14.3%, triploid with 57.1%, and
tetraploid with 28.6%, respectively. Then, diploid plants were obtained mostly from
normal seeds and triploid and tetraploid mostly from partially developed seeds and
undeveloped seeds. The results indicated that crosses of 4xx2x is the most efficient
and in vitro culture should be applied to rescue plants from partially developed and

undeveloped seeds in triploid breeding program.
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