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Abstract

This study was carried out to investigate a method for producing cultured virus - free ovules for
breeding high - quality Citrus cultivars. Ovules from the immature fruits of three citrus cultivars
native to Jeju (Dongjeongkyool, Cheongkyool, and Jikak) and two cultivars of Citrus unshiu
Marc. (Miyagawa wase and Haryejosaeng) that were thought to be infected with Citrus tristeza
virus (CTV) were cultured on MS2 medium (Murashige - Skoog [MS] basal medium containing
500 mg-L" malt extract, 50 g'L" sucrose, 1.0 mg-L" kinetin, and 8 g-L" agar). After four weeks of
culture, 10, 21, 13, 5, and 7 somatic embryos and 2, 4, 2, 4, and 5 white callus cells (surrounding
green somatic embryos) were obtained from Dongjeongkyool, Cheongkyool, Jikak, Miyagawa
wase, and Haryejosaeng, respectively. After six weeks of culture, somatic embryos were obtained
from cultured cells grown on MT basal medium supplemented with malt extract (500 mg-L™),
lactose (70 g-L™), and agar (16 g-L"). Over 60% of the somatic embryos from citrus cultivars
native to Jeju developed into normal plants on MS basal medium supplemented with malt extract
(500 mg-L™"), sucrose (50 g'L™"), and agar (8 g'L") after 10 weeks of culture. Normal plants were
regenerated from two Citrus unshiu Marc. cultivars on MT basal medium supplemented with
sorbitol (1.0 M), galactose (1.0 M), GA; (1.0 mg-L"), and Gelrite (3 g'L"). The absence of virus
in plants generated from cultured ovules was confirmed by RT - PCR and antigen - antibody
reactions. Therefore, virus - free Citrus cells can be obtained for breeding high - quality citrus
cultivars using the biotechnological technique evaluated in this study.

Additional key words: ctlv, in vitro shoot tip grafting, Poncirus trifoliate Raf., sdv, vascular
System
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Z]], MS2(MS 7|28} 2]o]| malt extract 500mg-L~", sucrose 50g-L™", kinetin 1.0mg-L™" 12|11 agar 8g-.L'7} 7}& vjA]),
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dNTP, 1.5mM MgCl, 1.0unit Taq DNA polymerase, 10mM Tris - HCI(pH 9.0), 40mM KCI]o]] cDNA 25 - 50ng 12|31
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Table 1. Primers used to detect Citrus tristeza virus (CTV).

Primer Sequence (5°-3°) Tm (°C)
Actin F TCCACCATGTTCCCAGGTAT 60
ActinR CATCTCTGTCTGCCACCTGA 62
CTV-PoF GTGGCCAATAGGTCCGTAGA 62
CTV-PoR CGGGTCTCAACCTAGCCATA 62
CTV-52 CGAGGTATCATTCTTCGAGC 60
CTV-32 CGCCATAACTCAAGTTGCG 60
CTV-CO-1-F GTGGCCAATAGGTCCGTAGA 62
CTV-CO-1-R CGGGTCTCAACCTAGCCATA 62
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Table 2. Effect of medium composition on the formation of somatic embryos and callus cells in Gitrus spp.

Genotype Number of somatic embryos induced from ovules Number of somatic embryos induced to form callus cells

o 1/2 1/2

z Y X u
Common name Scientific name MS1 MS2; MS3 EME EME' MS1 MS2 MS3 EME EME
. C. erythrosa

Dongjeongkyool Hort ot T 3 10 7 5 7 0 2 0 0 0
Cheongkyool C. nippokoreana Tanaka 13 21 12 12 30 2 4 1 3 6
Jikak C. aurantium L. 18 13 3 6 6 1 2 0 1 0
Miyagawa wase C. unshiu Marc. 2 5 0 3 2 4 0 2 0
Haryejosaeng C. unshiu Marc. 4 7 0 2 6 3 5 0 1 4

“MS basal medium containing 500mg-L" malt extract, 50g-L"' sucrose, and 8g-L" agar.

YMS basal medium containing 500mg-L" malt extract, 50g-L" sucrose, 1.0mg-L" kinetin, and 8g-L" agar.

*MS basal medium containing 500mg-L" malt extract, 50g-L" sucrose, 3.0mg-L" N6-benzyladenine (BA), and 8g-L" agar.
“EME (MT basal medium containing 500mg-L" malt extract, 50g-L" sucrose, and 8.0g-L" agar).

'1/2 EME (1/2 MT macronutrients, 1/2 BH3 macronutrients, 500mg-L" malt extract, 1.55g-L" glutamine, and 8g-L" agar)

Fig. 1. Induction of callus cells from unfertilized immature ovules from open flowers in Citrus spp. Vertical arrow indicates callus
cells surrounding the somatic embryo induced from ovules.
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HF 675 ATHFig. 2). 2| A2 78 AA| el o] /2 AlaLo] AEAS T = B4 BrohEl] SRet s 11
2]al agar ‘F 7} £ Q210 & Z-85)=t|(Carmi, 2005; Gholami et al,, 2013; Jin et al,, 2007), & Ao A= A 2] A
Eg|2 280 24 lactose 70gL " o Tx AE2|A 2480 24 agar 16g:L & o[-§510] | 22 e A S o
Qlct Jinetal, 2007)0] w2 H 2 FH17 o] e A A E 2 B E] AN ZEE A=d| malt extract 500mg-L ™", Lactose 70g:L™" ~1
1 agar 14gL'7H 27H MT 7| 207} Faboleha sl 2 Aol Al 93] Slo}A 57} 2Avs,
MT 7|28 2])of ke 2o 32 Y1, T2 agar F=5 0] F0ka o o @A77 oF 152 A = == Qo= rlA|A).
=, 9 AEE0] AxEHA 2R o] FofHel= = 1733 QAR R Al Hjof] Al RS s o 24 o]t 227
AVEE A T GIIeh. 91 AT AL AEAAS Fi BAZH DT agare] 1G-S AN B 47|12 Hhsle
& 4 ASATE E3E AWM zH) 945 el A ERES A7) floto], Aau] /05 A A A
= AN 8] FA FH A A M EZES MT 724l 2] o] malt extract 500mg-L~", sucrose 50g-L™" 12|17 agar 8g'L™'7}

Fig. 2. Induction of somatic embryo from callus cells in Citrus spp.: ‘Dongjeongkyool (A); ‘Cheongkyool (B); ‘Jikak'(C); ‘Miywagawa
Wase.” (D); ‘Haryejosaeng’ (E).
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37} 7P MTZ IR0 9] SABANE IEFig, 4). 3TN i et al, 2007) S0 4
ot ] B ) A A S A B A A 02 st 2147} ol nlet
1, o}5 A= GAH 7 A Aol ] ] B2 BAE T GAH 71 92 wapel §7 9
QAR SR S AR SIS T2, o] S 25U B el BAIEA) elsiek Aol
2T FE HE A 55 2 BV HE @8R S RS 2L Qe FF017] ol 'Rt R A
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Fig. 3. Induction of normal plants from somatic embryos of Citrus cultivars native to Jeju: Induction of plants from ‘Dongjeongkyool
somatic embryos and acclimatization (A); induction of plants from ‘Cheongkyool somatic embryos and acclimatization (B);
induction of plants from ‘Jikak’ somatic embryos and acclimatization (C).
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Fig. 4. Induction of normal plants from Citrus unshiu Marc. somatic embryos: Induction of shoots from somatic embryos of C.
unshiu Marc. (Miywagawa wase’) and in vitro micrografting with Poncirus trifoliate Raf. (A); induction of shoots from somatic
embryos of C. unshiu Marc. (Haryejosaeng’) and in vivo grafting with Poncirus trifoliate Raf. (B). Vertical arrows indicate shoots.
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CTv-52/32

Fig. 5. Detection of Gitrus tristeza virus (CTV) from citrus cultivars (Citrus spp.) obtained in vivo (ground leaves from the Citrus
cultivars) and in vitro (leaves of seedlings obtained from nucellar embryogenic callus cells) using RT - PCR. Lane M, 100 bp
marker; 1, ‘Miyagawa wase’; 2, ‘Cheongkyool’; 3, ‘Jikak’; 4, ‘Haryejosaeng’; 5, ‘Dongjeongkyool’; 6, ‘Miyagawa Wase.; 7,
‘Cheongkyool’; 8, ‘Jikak’; 9, ‘Haryejosaeng’; 10, ‘Dongjeongkyool’; P, positive CTV control, Cultivars in lane 1 to 5 were produced
in vivo, and those in lane 6 to 10 were produced in vitro.
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Fig. 6. Detection of Gitrus tristeza virus (CTV) from citrus cultivars (Gitrus spp.) obtained in vivo and in vitro using the CTV
immuneStrip test: ground leaves of Citrus cultivars (A); leaves of seedlings obtained from nucellar embryogenic callus cells (B).
Horizontal arrows indicate the positive (+) control line for the dectection of Citrus tristeza virus.
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