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Effect of Copper on Callus Formation and Plant Regeneration
in Seed Culture of Rice
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ABSTRACT This study was conducted to improve the regeneration efficiency from seed-derived calli of rice by
optimizing the copper concentrations in the media. Mature seeds were cultured on MS medium supplemented with
copper sulphate (0 to 5.0 mg/L) and 2 mg/L 2,4-D. Callus growth was influenced by the levels of copper sulphate
containing with medium. The addition of copper sulphate (2.5 mg/L) in regeneration medium enhanced
dramatically the ability of plant regeneration from seed-derived calli. The mean frequency of plant regeneration of 6

indica rices was 27.4% on medium containing copper sulphate, whereas that of the cultivars on copper-free

medium was 2.4%. These results suggest that copper sulphate may have an important role in improving

regeneration ability of indica rices.

Key words: Copper, plant regeneration, rice, seed culture

se) nj%a), Wel, @ $3 2 ANE 24¢ o438
HEAE ARSAE FEe Ad F4 9 B 97

# 717 £9l0] Fsl= Aog IHA UY, 53] BEFE
genotype 7+oll HjFE Lol ThErhe H& UdoF Ao}
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ot} wiA] el HriElE wHEdLe] Sl coppere B
Ego] & 43S uXE AR BYEHT 9tk 53], Y E
ZEAY, Fuje) B wielr] Beloh £7]9] E3il o
o gHo|m, g9 7¢ copper H7} EA7F TA AR
A e Aog LA v} (Purnhauser and Gyulai 1993).
Halo] AS olEujeld 4718 A2 wiokelA MS 7]2u)
AR TR= 50 uM (12.5 mg) ] copperZt F7Fd MS B A | A
AEA 23go] IA FFHUTHE EXE 3t (Dahleen
1995). &2l Indica ¥ 2] wl&u)] wjeelA 10~50 uM
(2.5~12.5 mg)9] copperS F7istd Aex 43 HEA
AE3t 5o A Fristgvke @77 Sahrawat and
Chand (1999)°] <Ja] H3% B} ch o] coppers] A7}
7 PgREo} Wz me) OEn 4% E
g gAstA goie AL AAET gk 18EE o 71
Indica T2 Zxpcol A A EA A&3l ol copper?
3y FHEchd ARG T8 YRET ofe) AAE
HolH o 27 FLot 7|dE & A& Aol A7d

=1



206 - Korean J. Plant Tissue Culture

ey B ApolMi Mol EAulA A ARt
SHE A7) Sistel WA ol B7EslE coppere) A
4 sEe) MRS FE Ao] Bl HE AP F9%

o] dojA AFE B I3 vlo|th

B AgeME 20008 FEUTY FHNT AFEFA
TAMEOE AujEo] HFH Japomca 54 é“ltﬂ

9} Indica T 27p, ZAAw, FAdy, TR 29, 1R
36 2 IR 841-76-1' & FAIBt FAke] WG ge A
A8t 70% ethanolo] 30%7F EHAANTS}A, 2% sodium
hydrochlorite 2ol 4087} A28 & HFFE 33 A
i
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B ZaM gl A copper $E7F ZelA A R AEA A
23} 5o vAe T A sk, du g IR
36’9l Had AuldEle] FAE Ne vlA (Chu et al. 1975)
9} copper®] =7} 0, 0.025 (MS 7]&), 0.25, 2.5, 5.0 mg/L
o @ 7k MS HjA] (Murashige and Skoog 1962)¢] 2
mg/L 2,4-D, 2 g/L casein hydrolysate, 30 g/L sucrose, 5 g/L.
gelriteZ A 7}5ke] petri-dish (¢ 9 cm)oll 20 mLA EF3F t}
< 10¥4 jFeeth FAMEE 2621CE fAEHE ¢
o)A 4097 w3 ok 2.5 mg/L9) copper®} 5 mg/L
kinetin, 1 mg/L NAA, 30 g/L sucrose, 5 g/L gelrite7} d7}
B MS szl AHXAE 0|43t W 259 T AEA A
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gt AYAE FAS TR WEEE Yehilen, 28
2 AAFE e 409 Foll 179 FAA {719 AEx
o] FAE AT HEA Adshe 26£1CE 2HHY
1Y 2,500 Lux2 Z2H e 240 2547 wige oha
o] g AHAZHE shootst root7} | em o) A F4E
2 AESE ABAZ ZASLT D22 ABA ALEES
ol Aeizdl d ABAT 4718 Belx S8 WEE
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Copper @71 WE Indica 52} A EA AE3} 58S
ZAKE) st AT, AW, HEW, TR 29, TR
36" 2 IR 841-76-1 o] EFH dv|Ae]e] =4S 2.5 mg/L
o) copper7} A7}E MS vjAe] 2 mg/Le] 2,4-DE 7zt
71t AHAE 74170 the 5 mg/L kinetin, 1 mg/L
NAA, 30 g/L sucrose, 5 g/L gelrite7} 2718 Ng ¥l A9} 2.5
mg/Le] copper7h S48 MS WAGIH A12AE AR
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Ho] ZAWg A 7Hg Wt o R o] 8HE Ne vjA| 9}
o 7kA] 5= copper7t H7HE MS vl R|ol] FAu) st
AYA A 9 AEX s 58E AR v (Table 1,
Figure 1), H2]x 4L EZ BT Ne vjAlolA MS
Wiz Bt A AEge HASH, 2.5 mg/Le] copper’t A
7HE MS ulRell A HAE Ao AAFe] 7P
Ao ety 5.0 mg/Le] copper7t H7bE ¢
AAFE Zadhe AEFE JepiSIch 283 des P45
& copper Fxol wat a7t Aole Ao w4 9l
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Table 1. Effect of copper sulphate on callus growth and plant regeneration in seed culture of rice.

Cultivars CuSOs - 7H:0 No. of seeds % of ca.llus Callus weight of No. of calli % of plapt
(mg/L) inoculated formation per a seed (mg) inoculated regeneration
Iimibyeo Ne 100 77.0 190.0 +15.4' 200 405 2°
Contro} 100 62.0 55.0 £19.7 200 55¢c
0.025° 100 74.0 170.0 +16.4 200 32.5ab
0.25 100 74.0 190.8 +12.1 180 36.0 ab
25 100 89.0 230.9 +16.2 200 425a
5.0 100 83.0 196.4 £10.3 200 36.0 ab
IR 36 N 100 56.0 170.3 £14.6 500 40c
Control 100 30.0 357 +17.0 200 05c¢c
0.025 100 52.0 160.3 +15.5 200 1.0c
0.25 100 59.0 183.0 £133 200 175b
25 100 62.0 220.0 +13.1 200 375a
5.0 100 57.0 150.3 +10.7 200 18.0b

'Mean + SD. 2Copper sulphate in MS medium. *Mean separation within columns by Duncans’s Multiple Test at 5% level.



Figure 1. The ability of plant regeneration on MS medium (A)
-ontaining 2.5 mg/L copper sulphate and N¢ medium (B) in seed
culture of rice (Oryza sativa L. cv. IR 36).

Z29) ‘duly Bth= Indica F5¢ IR 36 dlA 1L &371
A AAHAT TR 36 2] ¢ No E MS ujzjol| Aol A 3
39 AYAE 5% vy AEA E3ES Jepfien,
copper?] Aol 93l 2 EA] AEshEo] F7IHAL, 2.5
mg/L.2] copper7} H7Fe MS wixlol|lA AR A2 A
23 S| 37.5%=2 7 =tk 28y MS uiA o
copper7t A7HERA] &g A AEsHEo] 3| B FE
29.0m, 5 mg/L ot Arishd AEA #3&2 343 o
ke ASE JeEtH

B Zxp) ol A copperZt A7HE vl BHAE F7)AI
7 T, o5 A#AE Ne WA 9} 2.5 mg/LS] copper7Z} 3
7hg AR w0 o] A7 TR A EA B8 oS HAA
o FAbet vl (Figure 2), copperZt H7he wjA|e] A=)
YR vt 10d ol AESIHE A=A Hlge] 7}
T wokom, wigr|te] ARETE HEA E3Ee Ha
AEE 3R @2 222 Yepgth 22y Ne 223} vz 9
A% mi 15U7HA) A ER E3eE A48 ZF7tettirt 15
Y o]FolE A& BIARIL §H3] gardte P U
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A 9] 5 EE) FAE 2.5 mg/Le] copperZt H7HE
MS ujxje] A22E {71271 T copperZt H7He MS %
Ne A3} wix)ol} B 2E 043t ey 25U Foll A=A
AL FF 7+ Ao|E FARE vl (Table 2), No ¥iA] 2]
A% 6FZ9 A AE3Eol 5% n|TelR 2, 2.5 mg/l
o] copper® #H7}8F A$ 27.7%2 EA Ve AES} HjA)
ol coppere] 717} HEA AEsol FLT 9L k=
Ao FAHUTH

B A7) FAIEE BT copper’t H7MER] @2 MS
2 Ng o)A Hrl= 2.5 mg/L9] copperZ} 7V wix]elA 2
g2 FART AEA Bahgo| A veigth olEg o
TAF}E B uEu] wieklA 50 uM (12.5 mg) 4
copper7} F7HE MS x| oA A EA £31&0] AA FEH
9Jtl= Dahleen (19958 AT Indica B E3F2] u|s|
kol Al 10~50 uM (2.5~12.5 mg)2] copperd H7}3HA
AYA A AEA AL e AA FUIEAHL
Sahrawat and Chand (1999)¢] <7¢} coppere] 7} &34H
oA A& AL Jehich I2iu 5 mg/Le] copper
Bt FrlEolE AEA RBEEe hdhes AEE JEY
Bae} W] d ATl tha ApolsiA Uehgd ol i
k22 9 B2AE9 genotypeo] THE HIA HIRE A=
ZR9) w3 copperZt A7bE wiR|oNA] AEA AT ¥
AL 712 No WlA Rt 21 8A £3F 7|7E way wg A
7174l AR AEA 7} AEBEE vgo] FH3A FAaHA
o= oS Hed (Figure 2), o3& 912 copper7t
Ay BhdA =AAE AT o FF A 2A 9
&2 x|, carbohydrate metabolismol] lojA] HE F8
3 enzyme?] AREO 2 ZE37] W] vehd A
Sahrawat and Chand (1999)% ®.33F v} 1o 748 &
ol dishre= A2l - Asigtd oz Zo] e A7t Adojok
g ZAox AztErt
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Figure 2. Frequency of plant regeneration to days after callus transferring of seed-derived calli formed on medium with copper sulphate.
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Table 2. Varietal difference of plant regeneration from seed-derived calli formed on medium with copper sulphate.

. No. of seeds % of callus Callus weight of No. of calli % of plant
Cultivars inoculated formation per a seed (mg) inoculated regeneration
Namcheonbyeo 100" 54.0 126.0+17.3* 120 50
200° 28.0*
Cheongcheongbyeo 100 60.0 94.9 +10.8 120 33
200° 17.0*
Samgangbyeo 100 58.0 168.8 +19.1 120° 33
180° 38.0*
IR 36 100 68.0 220.0 +13.1 120° 1.2
200° 375
IR 29 100 60.0 156.7 +15.7 120” 02
200° 16.0*
IR 841-76-1 100 56.0 979 +164 2007 1.8
200° 28.0*

MS+2 5 mg/L. CuSOs - 7TH>0+2 mg/L 2,4-D+2 g/L casein hydrolysate+30 g/L sucrose+5 g/L gelrite.

'N6+1 mg/L NAA+5 mg/L kinetin+30 g/L sucrose+5 g/L gelrite.
MS+2 5 mg/L CuSOs -

7TH20+1 mg/L. NAA+5 mg/L kineti+30 g/L sucrose+5 g/L gelrite.

*Mean=+SD. *** Significantly different from the control at P=0.05 and P=0.01, respectively.

Indica £9] 73% Ne HjA & o]&3te] M)t 319
o A=A E3HEo] 5% veHo] A 21t copperZt H7HE i A
£ o8 As HEA MRS 5go] A WFHUSH
(Table 2), 53] ‘3719 2} 1R 36’ & 30% o|A A &x] 23
&5 WIE F Jde A2E YehY Indica 59 44
gl wf-- f-g3tA ol &E F Us ALE Alsgrh Ao
Nuutila et al. (2000) 52 Hz]o] ulZul wokel| A copper7}t
HAR Z2HEE A JAEE S4A Y A N E A
AANHL ST, ol g AT ZAAE v R ¥ o)
& WAl copperg H7IsHH shEF} 2HEQ] ohufokilA 7}
& EAMCE AFHo & WA £H NEE IA £
a7 de AR Azbdnh
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H o] Sl A HEA L3t FEHE A7) st
o 2mg/Le] 2,4-D9 oA 7FA F& copper (0~5.0
mg/L)7} H7FE MS wiR]el] ok 3 vl B A AAA
T copper FE @t th2A vebgtet 53], 2.5 mg/L
2] copper7} H74E wWiReA 744 Fs itk 183 A
2 G447 copper & Tle FA e Alol7t AR H
A ootk A EA AE3} viR]el] 2.5 mg/L 2] copperd] H7}
T Indica FFE9) HEA AR 8&S A FHAH
Copper7t H7FsA] 42 Ng WiR|AA Indica 6EZ2] B
AL 2.4% 1421, copper7t H7HE WA A 27.4%
2 4 veisth
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