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Establidment and Optm ization of a High-frequency Shoot Regeneration
Systen of Turnip (Brassica rapal. sy rapifera)

MA Guang, ZHOU Bo, andL | Yu-hua
(College of L ife Sciences N ortheast Forestry U niversity, Harbin 150040, China)

Abstract: W ith cotyledonary petiole and hypocotyl explants, the shoot regeneration frequencies of three
tumip (Brassica rapa L. sg. rapifera) cultivarswere exanined To achieve a high-frequency regeneration
systan, the homone combination of thidiazuron (TDZ) and naphthaleneacetic acid (NAA) was compared
with combination of benzyladenine (BA) and NAA on shoot regeneration The results show that cotyledonary
petioleswere the best explant and thatM urashige and Skoog (M 'S) medium containing7. 0mg- L~ ' 1Dz and
1.0mg- L ' NAA was aitable recipe for getting high-frequency shoot regeneration Based the recipe, the
effects of AGQNO, concentration, seedling age, pre-culture time of 2, 4-dichlorophenoxyacetic acid (2, 4D)
were investigated  optimize the shoot regeneration systan. The reaults suggseted that petiolate cotyledon with
seedling age of 5 d cultured inM Smedium containing TDZ7.0mg- L™ " + NAA 1.0mg- L " + AgNO; 5.0
mg- L ' folloved by pre-culturewith 2, 4D 1.0mg- L ' for 2 d can be induced with highest-frequency re-
generation The highest shoot fomation rate was about 90%. The rooting percentage of shootswas 100% on
MS spplenented with 0.1 mg- L " indole-3-butyric acid ( BA). The 95% moted shoots survived in a
greenhouse
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Tablel Effect of BA and NAA on shoot regeneration of turnip petiolate cotyledon explants
1%
BA / NAA / Shoot foimation rate Number of shoots per explant
(mg- L) (mg- L)
Jintian Chiwan Baiju Jintian Chiwan Baiju
5.0 1.0 27.7+1.35a 30.1%1.57a 29.4+*1.72a 10.34+0.82a 11.03+0.41a 10.65*0.92a
5.0 1.5 19.1+1.02b 18.3*#1.29b 20.1+0.96b 10.11*0.51a 9.99#0.79b 9.71+0.91b
5.0 2.0 18.8+0.86b 17.4+0.95b  17.3+0.82b 9.99+0.46a 9.75+0.57b  9.05+0.36¢C
7.0 1.0 10. 0 £0. 54c 9.2+0.83c 9.8 +0.68c 9.29+0.94b 10.09£0.43b  9.67 £0.74b
7.0 1.5 7.3+0.73d 6.8 +0.88d 7.5 0. 45d 9.16+0.83b 9.82+0.68b 9.82+0.55b
7.0 2.0 6.9 +0. 66d 5.9 +0. 75d 6.2 +0.57d 9.33+0.74b  9.85+0.62b  9.16 +0.96¢C
: 5 +D, (P =0.05)
Note Valuesaremeans = SD of 5 repeats, and the same letters indicate no significant difference at P =0. 05 by Duncan's test
2 BA NAA
Table2 Effect of BA and NAA on shoot regeneration of turnip hypocotyl explants
1%
BA / NAA / Shoot foimation rate Number of shoots per explant
(mg L) (mg- L)
Jintian Chiwan Baiju Jintian Chiwan Baiju
5.0 1.0 5.1+0.79a 5.5+0.61la 4.7 £0.92a 7.16 £0.83a 8.02+0.27a 7.58+0.72a
5.0 1.5 4.9 £0. 65a 5.2+0.51a 4.4 £0.84a 6.95+0.77a 7.56+0.35a 7.06 +£0.51a
5.0 2.0 4.7 £0.78a 4.8 £0.67a 4.2 +0.86a 6.98+0.6la 7.12+0.44b 6.74+0.73a
7.0 1.0 2.6+0.24b 2.0+0.44b 2.2+0.37b 7.02+0.56a 7.86*0.69a 6.98+0.67a
7.0 1.5 1.9+0.13c 1.7 £0.36¢ 1.8 +0.29c 6.99+0.74a 7.52%0.45ab 7.01+0.59a
7.0 2.0 1.8 +0. 36¢ 1.5+0.43c 1.6 0. 13c 6.83+0.87a 7.61+0.82a 6.75+0.63a
5 +D, (P =0.05)
Note Valuesaremeans = SD of 5 repeats, and the same letters indicate no significant difference at P =0. 05 by Duncan's test
( 3, 4), Dz 7.0mg- L', NAA 1.0
-1
mg- L , , BA NAA
-1
DZ 3.0mg- L BA, (
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Table3 Effect of TDZ and NAA on shoot regeneration of turnip petiolate cotyledon explants
/% Shoot formation rate Number of shoots per explant
TDZ/ NAA /
. L 1 LT 1
(mg- L°7) (mg- L°7) Jintian Chiwan Baiju Jintian Chiwan Baiju
5.0 1.0 40.2+2.01de 42.3+1.95de 39.6%2.23d 10.17 +0.5la 10.69 £0.43a 9.380.78a
5.0 1.5 37.9+1.43e 36.2+1.62e 35.2+1.86e 9.94+0.23a 9.26+0.43b 7.89+0.81b
5.0 2.0 36.4+1.21e 33.1%+1.93e 33.1%1.64e 9.07 £0.46b 8.65+0.62b 8.56 £0.73a
7.0 1.0 70.7+3.25a 72.3+3.07a 69.2+3.58a 10.05+0.35a 8.76+0.82b 9.16 +0.56a
7.0 1.5 65.3+£2.68b 64.1+2.82b 64.6%2.59b 9.89+0.22a 8.03+0.84b 9.44 £0.48a
7.0 2.0 62.7+2.09b 59.3+2.30b 61.8+1.92b 10.51+0.22a 7.66*0.93b 8.37*0.42a
9.0 1.0 51.6+2.26c 53.4+1.91c 48.8+2.41c 9.56+0.31a 9.37+0.56b 8.22+0.83a
9.0 1.5 45.3+2.04d 48.9+1.47d 46.4+1.63d 8.84+0.26b 8.51+0.48b 7.63+0.75b
9.0 2.0 42.1+1.97d 41.5+2.01d 40.7 +2.25d 8.66+0.41b 8.63+0.51b 7.11+0.81b
5 +D, (P =0.05)

Note Valuesaremeans = SD of 5 repeats, and the same letters indicate no significant difference at P =0. 05 by Duncan's test

4 TDZ

NAA

Table4 Effect of TDZ and NAA on shoot regeneration of turnip hypocotyl explants

1%

mDZ/ NAA / Shoot foimation rate Number of shootsper explant
(mg- L 1) (mg- L°1)
Jintian Chiwan Baiju Jintian Chiwan Baiju

5.0 1.0 11.7+0.51c 12.5%0.46c 11.6+0.87c 7.11+0.63a 8.02+0.35b 8.56+0.21b
5.0 1.5 10.6+0.42d 10.9%0.33cd 9.2+0.64d 7.22+0.52a 7.31+0.42b 8.01+0.32bc
5.0 2.0 10.2+0.36d 10.6 +0.38d 9.0+0.55d 6.98+0.87a 7.13+0.51bc 8.34+0.26b
7.0 1.0 15.9+0.63a 16.8+0.42a 15.1+0.99a 7.25+0.76a 8.84+0.44a 9.22*0.25a
7.0 1.5 14.2+0.45b 14.5%0.33b 13.6+0.85b 6.97+0.84a 9.05+0.35a 8.51*0.48b
7.0 2.0 13.2+£0.38b  13.2+0.54bc 12.8+0.98bc 6.63+0.79a 7.63+0.51b 7.84+0.34c
9.0 1.0 8.3+0.52e 8.2 +0.45e 7.6+0.64e 6.86x0.8la 7.35+0.58b 7.99+0.36¢
9.0 1.5 7.8 +0.65e 7.7 +0.56e 8.1+0.35e 7.12+0.42a 6.82+0.66c 8.26+0.25b
9.0 2.0 7.6+0.33e 7.1+0.61le 7.3+0.42e  6.58+0.73a  6.58+0.81c  7.50+0.41c

5 +D, (P =0.05)

Note Valuesaremeans + D of 5 repeats, and the same letters indicate no significant difference at P =0. 05 by Duncan’s test
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Table5 Effect of AgNO3; on shoot regeneration of turnip petiolate cotyledon explants
1%
AQNO, / Shoots fomation rate Number of shoots per explant
(mg- L)
Jintian Chiwan Baiju Jintian Chiwan Baiju
0 0 0 0 0 0 0
3 49.6 +1.13d 52.3 +1.80d 48.8 £2. 11cd 6.89 +0. 84d 6. 73 +0. 95d 7.25+0.88¢c
5 80.5+1.33a 78.6 1. 36a 79.3+1.34a 11.54 +0. 58a 12.04 £0. 64a 11.82 +£1.02a
8 77.3+2.31ab 75.1+2.78ab 74.2 £0.56ab 10. 02 £0. 52ab 9.85+0.19b 9.64 +0.55b
10 71.2+2.48b 72.4 +0.96b 71.7 0. 75b 9.21+0. 31bc 9.34 +0.89%b 9.06 +0. 27b
12 57.4 +2.85¢ 56.1+1.47c 55.6 +0. 46¢ 8.63+0.28c 7.96 +0.67c 7.22 £0.38c
15 46.7 +£2.19d 44.4 £0.81e 43.6 £1.57d 6.91+0.71d 7.11 +0. 24c 6.88 +0.63c
5 +D, (P =0.05)

Note Valuesaremeans = SD of 5 repeats, and the same letters indicate no significant difference at P =0. 05 by Duncan's test

6

Table6 Effectsof sedling age on shoot regeneration of turnip petiolate cotyledon explants

1%

/d Shoots fomation rate Number of shoots per explant

Seedling age
Jintian Chiwan Baiju Jintian Chiwan Baiju
4 80.5+2.13a 79.22 +£0. 85a 81.06 +1.52a 11.07 £0. 64a 9.45 £0. 96b 9.70£0. 87a
5 80.9 +1. 56a 80.61 +1.51a 79.84 +1.64ab 11.04 +£0. 92a 12.00 +0. 28a 10.88 +0. 51a
6 74.1+2.32b 75.44 £2.07b 76.18 £1.83b 10.03 *1.05b 9.57 £0.67b 9.13 +0.67a
7 68.4 +0. 95c 65.31 £2.61c 66. 31 +£2.07c 9.26 +0.57c 8.46 +0.58¢c 8.04 £0.57b
8 59.3 +1.64d 58.12 +1.95d 57.76 £0. 67d 9.07 *0.81lc 8.65 +0. 63c 7.75 0. 14b
: 5 +D, (P =0.05)

Note Valuesaremeans = SD of 5 repeats, and the same letters indicate no significant difference at P =0. 05 by Duncan's test
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Table 7 Effectsof pre-culture time before shoot regeneration on turnip petiolate cotyledon explants
1% 1%
/d Shoots formation rate Number of shoots per explant Tabular root formation rate
Pre-
culture  jintian Chiwan Baiju Jintian Chiwan Baiju Jintian Chiwan Baiju
0 81.2+1.51b 80.8+2.19c 76.2+0.86b 9.08+0.52c 9.26 +0.66b 8.65+0.87b 0 0 0
1 90.8 +0.57a 85.9+1.72b 87.9 +1.23a 10.65 +0.86b10.38 £0. 71b 9.27 +0.91b 0 0 0
2 92.0+0.65a 89.7+1.52a 89.3+2.54a 12.15+1.21a11. 64 +0.62a10.83+0.44a 0 0 0
3 80.8+2.35b 73.8+2.51d 77.6+2.8lb 7.65+0.45c 6.88+0.83c 6.37+0.16c 5.1+ 0.22c 6.3+0.57d 5.3+0.12d
4 58.4£2.81d 61.3+1.47e 59.4+2.37c 5.21+0.33d 5.59+0.34c 4.75+0.29d 16.3 +1.24b 18.8 +0.65c 16.5 +0.65¢c
5 25.3+1.64e 23.5+2.38f 20.0+1.26d 2.76+0.1le 3.14+0.21d 2.51+0.13e 20.9+1.63b 24.3+1.85b 22.1+2.61b
6 0 0 0 0 0 0 28.7+0.87a 32.1+2.37a 35.1+2.36a
: 5 +9D, (P =0.05) ’
Note Valuesaremeans = D of 5 repeats, and the same letters indicate no significant difference at P =0. 05 by Duncan s test
- B
1
A 2, 4D i B 2 4D1.0mg L? 2d ;
C 2 4D10Omg L? 6d
Fig-1 Shootsand tabular rootsformed by turnips in regeneration
A. Shoots fram explantswithout pre-culture; B. Shoots formed with 2 d pre-culture by 2, 4D 1.0mg- L™ %;
C Tabular mots fomed with pre-culture by 2, 4D 1.0mg- L~ * for6 d
2.5

BAO 0.05 0.10 0.15mg- L' MS ,
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6
3
, AQNO, 5.0 mg- L' 5d
2, 4D 1.0mg- L’ 2d TZ7.0mg L' +NAA 1.Omg- L' MS$S ,
no v '3 92.0% 89.7% 89.3% ( 7)
, BA (Kuvshinov et al., 1999;
Yoko et al., 2005) , DZ (Christey et al. , 1997, , 2005)
DZ BA,
90% ,
DZ BA DZ
DZ ,
(Preece et al. , 1991; Huetteman & Preece, 1993) ,
AA (Murthy et al., 1995)
, , ( , 2000)
, ANO;, 3.0 15.0mg- L'
, 8.0mg- L ' AQNO, ,
50mg- L* AQNO;, AQNO,
: , AANOs
(Chraibi et al., 1991) AQNO,
, (Yoko et al., 2005)
, : 4d 5d
2, 4D (Radke et al., 1992)
DZ 2, 4D ( , 2003) 2, 4D ,
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