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Abstract. We have obtained fertile transgenie plants of 
Indies rice variety IR36,  by using electroporation to 
transfer the neomycin phosphotransferase II (n~tlI) gene 
into cells of mature embryos. Resistant calli were select- 
ed in tile presence of 30 lzg/ml G~118. Nearly thirty 
transgenic plants were regenerated within three months 
after transformation. Many of them yielded seeds fol- 
lowing self-pollination. Data from molecular analysis 
and enzyme assay proved that the foreign gene was sta- 
bly integrated into the genome of resistant calli, R0 and 
R1 plants, and also expressed. Mendelian segregation of 
the nptII gene was observed in R1 progeny plants. 

Abbreviations : Nos, nopaline synthase; NPTII and np([[, neomycin 
phosphotransferase Il l  OCS, octopine synthase; Km~ kanamyein. 

Introduction 

The recalcitrance of cereal crops to Agrobacter/um-mediat- 
ed transformation has led to the development of various 
novel gene transfer methods (Potrykus 1990). The first 
reports on the recovery of transgenic cereal plants in- 
volved the use of direct DNA delivery methods such as 
electroporation (Rhodes et a/. 1988; Toriyama eta / .  
1988; Zhang 02 al. 1988; Shimamoto eta/. I989)  and 
PEG-mediated (Zhang and Wu 1988; Datta et aL 
1990) gone transfer to protoplasts. However, the proto- 
plast-to-plant system is strongly dependent on genotype. 
Most elite cereal varieties are very difficult to regenerate 
from protoplasts. Futhermore, the protoptast culture 
procedure is time-consuming and labor-intensive. In the 
past few years, variety- independent transformation 
methods of delivering DNA into intact cells via both 
electroporation (Morikawa 02 al. 1986 ; Dekeyser 02 a/. 
1990) ,  which has been widely used to transform proto- 
plasts of dicotyledons and monocotyledons since 1985 
(Fromm 02 a/. 1985; Langridge 02 a/. 1985) ,  and mi- 
eroprojectile bombardment (Klein et al. 1987; Klein et 
al. 1988) have been developed and applied to cereal 
transformation. Transgenic plants of important cereal 
crops such as rice, maize and wheat have been recovered 
by means of DNA-coated microprojectiles to transform 
embryogenic suspension cultures and calli of maize 
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(Gordon-Kamm et ol. 1990; Fromm eta/. 1990) ,  em- 
bryogenic calli of wheat (Vasil eta/ .  1992) and imma- 
ture embryos of rice (Christou eta/. 1991).  Recently,  
transgenic maize plants by electroporation of immature 
embryos and type I calli was also reported (D '  HaUuin et 
d .  1992). In our laboratory, foreign genes have been 
successfully introduced into cells of rice mature embryo 
through electroporation~ and transgenic plantlets from 
elite local rice cultivars including both Indies variety 
Sanerai and Japonica variety Nonghu No. 6 were ob- 
tained (Li 02 oZ. 1991).  

Here we report the stable transformation of cells of 
mature embryo by electroporation, with subsequent re- 
covery of fertile transgenic plants from Indies variety 
IR36. 

Materials and methods 

P/ant nu~ha/The  seeds of the Indies rice (Ory-,.a sat/va L. ) variety IR36,  
were kindly supplied by Zhongkai Agriculture Technology Institute, 
Guangzhou, China. 

P/a~m/d The plasmid, pLGVneo2103, contains the chimeric gone with the 
NOS promoter, the npt[l gone coding sequence which confers resistance to 
Km and G418,  and a OCS l~lyadenylation sequence (Hain eta/.  1985).  
Plasmid DNA was isolated and purified as previously described (Li et aL 
1991). 

E/ectro/~r~or The High Performance Electrol~ration System-3 (HPES-3 ) ,  
designed and made in our laboratory (Patent: 91105038. 8 (91. 7. 21) ;  
Int. CI. C12M1/42 ,  C 1 2 M 1 5 / 0 2 ) ,  was used in this experiment. Two 
kinds of output mode, both long-pulse and short-pulse, are set inside the 
device. It has six adjustable parameters, including voltage of pulse (Vpz 
100~10,000V),  number of pulses (Np : 1-2048, increase by t2 degrees), 
duration of pulse (Td:  1-200 .us, fixable on 62 l~s), rest time of pulse 
(Tr :  0. 125-256 s, increase by 12 degrees), number of cycles (Net  1- 
98, 99 equals limitless) and distance between the anode and Sample mix- 
ture surface (H : 0- t 0 ram).  

Electrot~pratio~ Dehusked rice seeds were sterilized with O. 5 ~ paracetie acid 
for 15 rain, sub~quentty rinsed repeatedly with distilled water .  They were 
then placed on MS proliferation medium (Li e~ a/. 1991). Thir ty-six hours 
later, the eoleoptiles appeared through the broken pericarps. The embryos 
were separated, and cut into two longhudinal sections (ha l l -embryos) .  
The haft-embryos were then put into the electro,rat ion chamber. To every 
30 hall-embryc~ was added t00  /d Hepes buffer (Li e~ at. 1991) contain- 
ing 20 ~g/ml pLGVneo2103 and 50 /~g/rnl taft  thymus DNA. Eleetropc- 
ration was Carried out under the following condition ~ long-pulse output, Vp 
= 1 0  kV, Np=27-? .  9, T d = 6 0 - 8 0  fiz, T r =  1-4 s, N o =  10-30,  h = 5  
ram. As control, haft-embryos were also eleetroporated in the absence of 
plasmid DNA. 
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T a b l e  1. R e c o v e r y  o f  fe r t i le  t r a n s g e n i e  I R 3 6  p l an t s  f r o m  h a l f - e m b r o y s  e l ec t ropora ted  wi th  p L G V n e o 2 1 0 3  

No.  o f  No.  os h a l f  No.  o f  cal l i  No.  o f  R 0  No.  o f  R 0  No.  o f  R 0  No .  o f  fe r t i l e  
E x p .  h a l f - e m b r y o s  - e m b r y o s  w i th  tes ted f o r  No .  o f  p lanf le t s  p l an t s  r e a c h i n g  p lan t s  w i t h  p l an t s  w i th  N 'PTII  t r a n s g e n i e  

e l ee t ropo ra t ed  G 4 1 8  a ca l lus  r e g e n e r a t i o n  r e g e n e r a t e d  m a t u r i t y  nptlI gene  a c t i v i t y  R 0  p l an t s  

1 150 44 20 14 12 10 10 7 
2 150 41 20 17 15 11 8 6 
3 150 36 20 9 8 8 5 3 

Toml 450 121 60 40 35 29 23 16 

8elecr of  tra~sforna, d e.a///a~ f la~  t"e~nwraa~ The electroporated half-em- 
bryos were left on MS proliferation medium for 2 days ,  and then incubated 
on the same medium containing 30 /~g/ml G418 (S igma) .  They were 
transferred to fresh selection medium two weeks later. After approximately 
4 weeks of selection in the da rk ,  the G418-res is tant  caUi initiated from 
haLf-embroys were transferred onto N6 regeneration medium ( L i e r  aL 
1991 ) without antibiotic. Regeneration was performed under fluorescent il- 
lumination for  10 h photoperiod. The regenerated plantlets were hardened 
off  when 8 - 1 0  cm high,  subsequently transferred to sell in pots. In the 
greenhouse the plants grew to maturi ty and set seed. 

Progeng ~esr for resisb~ce D Km Dehulled seeds harvested from self pollinated 
transgenic plants were washed extensively with water ,  then placed on filter 
paper drenched with water for 36 h. Viable seeds were pieked out and sub- 
sequently germinated in the nutrient solution (Feldmann and Marks 1987)  
containing 50 # g / m l  Km (S igma) .  Four days la ter ,  seedlings were cul- 
tured in sand with Kin-free nutrient solution. After 7 days ,  the numhers of 
green and white seedlings were counted. Green seedlings were transferred to 
SOil. 

Soua~'a b/ok mu/ dot b/a aaa/~Ms Genomic DNA was isolated according to 
Paszkowski e* aL ( 1 0 8 4 ) .  DNA analyses were done as described by Sam- 
brook ~r aL ( 1 0 8 9 ) .  For Southern blot analysis ,  approximately 5 ~ug of 
DNA was undigested or digested with restriction endonuclcases, elec- 
trophoresed through 0. 8 % agarose and transferred to nylon membrane.  
For dot blot analysis;  undigested DNA samples were spotted onto nylon 
membranes in 5 M aliquots (approximately 2 #g DNA) .  The probe was a 
a~P-labeled 1 . 6  kb PstI internal fragment of the ~ t l I  gene from pLGV- 
neo2103.  

NPTII enz~nne assail NPTII activity was determined by the dot assay as re- 
ported previously ( W a n g  and Li 1989) .  Crude extracts of protein were pre- 
pared as follows: Callus or leaf tissue ( 1 0 0 - 2 0 0  ms)  was ground in equiva- 
lent amounts w / v ( 1 0 0 - 2 0 0  pl)  of extraction buffer. As positive control ,  
g .  co// strain HB101 containing pLGVneo2103 was sonicated for 30 s in 
bacterial extraction buffer.  Following eentrifugation,  the supernatants were 
assayed for  NPTII activity. Protein content was estimated using dye 
binding method of Bradford ( 1 9 7 6 ) .  Dot radioaetivRy was determined by 
scintillation counting. 

Figure 2. Southern hybridization analysis of one G418-res is tant  rice 
callus llne (C1 ,Cz,Ca)  from each of three experiments. The probe was 
a a2p_ labeled 1. 6 kb PstI fragment of pLGVneo2103. Lane 1, 
undigested DNA from s ix-month-old  callus line C1. Lane 2 ,  pLGV- 
nee2103 digested with EcoRI and HindIII as copy number s tandard ,  
corresponding to one copy per diploid rice genome. Lanes 3 , 9 ,  DNA 
from non-transformed callus digested with EcoRI/HindfII  (lane 3) and 
PstI( lane 9 ) ,  respectively. Lanes 4 -6 ,  EcoRI/HindIII  double-digested 
DNA from callus line C1 at two (lane 4 ) ,  four (lane 5) and six ( lane 
6) months after  transformation. Lanes 7 , 8 ,  EcoRI/HindII I  digested 
DNA from six-month-old callus line Cz(lane 7) and Ca(lane 8) .  Lanes 
1 0 , 1 1 ,  Pstl  digested DNA from six-month-old callus line C2(lane 10) 
and Ca(lane 1 1 ) ,  respectively. 

Results 

Selecgion and analysis o f  trar~sformed calli 
Half-embryos were electroporated with pLGVneo2103 
DNA. After 2 days on non-selective MS proliferation 
medium, the el ectroporated ha l f -embryos  were trans- 
ferred to the same medium supplemented with 30 /~g/ml 
G418. One or two weeks later,  caUi appeared at the 
wound positions of approximately 2 7 %  of h a l f - e m -  
bryos. After subculture for 2-3 weeks, the calli prolif- 
erated to reach 2-4 mm in diameter. At least 2 5 ~  of the 
calli was embryogenic (Fig. 1B). Meanwhile,  average- 
ly 31 ~ of half-embryos turned pale white and died, be- 
cause of the damage caused by electrical shock. Besides, 
the rest of half 'embryos turned brown and failed to sur- 
vive on the selective medium (Fig. IA, right). The re- 
suits of three independent experiments are summarized in 
Table 1. No resistant calli developed in the control sam- 
pies electroporated without plasmid (Fig. 1A, left) .  

G~118-resistant calli were propagated on non-selective 

Figure 3. NPTI!  enzyme dot assay in transgenic rice callus lines. Dot I 
was bacterial extract form g.  coli HB101 as positive control. Dot 2 was 
extract form non-transformed callus as negative control. DOts 3-5  rep- 
resent extracts of transgenic callus lines C~, C2 and Ca from three exper- 
iments. 

MS medium for subsequent analysis, or transferred to 
N6 medium for regeneration. 

Stable transformation of G418-res is tant  callus was 
confirmed by Southern analysis. Genomie DNA isolated 
from one G418-resis tant  callus line from each of the 
three experiments, was undigested or digested. The 
undigested DNA hybridized with the sZP-labeled 1. 6 kb 



PstI fragment from pLGVneo2103 gave a signal only in 
the high molecular weight region, indicating the integra- 
tion of nptll gene into chromosomal DNA (Fig.  2 ,  lane 
1). After  restriction digestion with Ps t I ,  the expected 
1 . 6  kb band corresponding to the nptH gene coding se- 
quence of pLGVneo2103 was observed (Fig .  2,  lanes 
1 0 , 1 1 ) .  Double-digestion with EcoRI and HindI I I ,  gen- 
erated the 3. 3 kb hybridization fragment corresponding 
to the nptlI chimeric gene of pLGVneo2103 in all the 
three callus lines (Pig. 2 ,  lanes 4 - 8 ) .  Thus,  in these 
three G418-resistant  callus l ines,  at least one copy of the 
introduced nptIl gene was integrated into rice genomie 
DNA. DNA isolated from non- t ransformed callus did 
not show any hybridization signal with the probe (Fig. 
2,  lanes 3,  9 ).  The above- mentioned G418-  resistant 
callus lines were analysed for the expression of nptI[ gene 
by NPTII  enzyme dot assay. Protein extracts from these 
three callus lines showed NPTII  activity. Some differ- 
ences were seen in the levels of NI r r I I  act ivi ty between 
different lines (Fig.  3,  dots 3 -5 ) .  Protein extract from 
control callus did not show NPTII  activi ty (Fig.  3, dot 
2 ).  Therefore,  the foreign nptlI gene has been stably 
both integrated and expressed in G418-resistant  callus. 

Regm~,ration and analysis of RO plants 
Compact embryogenic G418-res is tan t  calli were trans- 
ferred to N6 regeneration medium under light. Approxi-  
mately two weeks la ter ,  the first somatic embryos were 
visible,  subsequently developed shoots and roots (Fig.  
1C). After  three weeks, plantlets reached 8 -10cm in 
height (Fig. 1D).  A total of 40 plantlets were regener- 
ated from three experiments. Thir ty-f ive of these plants 
survived transfer to soil and grew to maturi ty  in the 
greenhouse (Fig. 1E).  The phenotypic characteristics of 
these R0  plants were similar to those of the control plants 
regenerated from non-transformed calli or derived from 
seeds. 

Genomic DNA from all R0 mature plants was digested 
with EcoRI and HindI I I ,  and subjected to Southern blot 
analysis. Twenty-nine  of the thi r ty-f ive  plants contained 
sequences that hybridized to the np~H gene probe,  indi- 
cating stable integration of this foreign gene into the rice 
genome (Fig. 4A).  Transgenic plant R0-17 was chosen 
to determine the integration pattern of nptII gene in de- 
tail. Hybridization of undigested DNA with the probe in 
the high molecular weight fragment demonstrated in- 
tegration of the nptH gene into genomic DNA (Fig.  4B, 
lane 1). When cut with PstI ,  the 1 .6kb  hybridization 
band together with two other bands (One band was close 
to another band. ) was observed (Fig.  4B, lane 3 ) .  
Digestion with EcoRI ,  which cut once within pLGV- 
neo2103,  produced a faint  band the size of the plasmid 
( 7 . 6 k b ) .  Four additional bands were also found (Fig.  
4B, lane 5) .  Digestion with EcoRI and HindI I I ,  result- 
ed in the expected 3. 3kb band and another band (Fig.  
4B, lane 7) .  Southern blot analysis of the R0-17  plant 
indicated that several copies of the nptH gene were in- 
tegrated at multiple loci of the genome of this rice plant. 
There was no hybridization to control material  (Fig .  
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Figure 4. Southern blot analysis of R0 rico plants regenerated from 
G418-res/stant caUi, hybridized to a a2P-Labeled probe of the aFtlE gene 
from pLGVneo2103. (A) Genomic DNA from ten R0 plants (Lanes 2- 
11) and a non-transformed plant (Lane 1) was digested with EcoRI and 
HindIII; (13) Genomic DNA from transgenic plants R0-17 (lanes 1,3, 
5,7) and control plant (Lanes 2,4,6,8) was undigested (lanes 1,2) or 
digested with Pstl (Lanes 3,4), EcoRI (Lanes 5,6) and EcoRf/HindIII 
(lanes 7,8), respectively. Copy number reconstruction using EcoRI/ 
HindIII digested pLGVneo2103 DNA corresponds to one copy per di- 
ploid rice genome (lane 9). 

4A, lane I; Fig. 4B, lanes 2,4,6,8). Protein extracts 
from leaves of each of 29 transgenic plants were exam- 
ined for NPTII activity. Twenty-three plants had NPTII 
activity. Activity levels varied extensively among these 
plants, and a very low level of background activity was 
also detected in the control (Fig. 5, Table 2). There- 
fore, of 35 R0 plants reaching maturity, 23 R0 plants 
not only contained the exogenous nptH gene, but also ex- 
pressed it. 
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Figure 5. NPTII enzyme dot assay of leaf tissue extracts from trans- 
genie rice R0 plants. DOt 1~ B. e d / H B 1 0 1  as positive control. DOt 2 ,  
non-transformed plant as negative control. Dots 3 - 1 2 ,  transgenie 
plants R0-1 to R0-10 .  

Table 2. NPTII activity in transgenie rice R0 plants and control 

NPTII activity 
Samples (epm/pg) 

Controls 

/L co/i HB101 2807.5 
Non-transformed plant 0. 3 
Transformed plants 

RO-1 1942.6 
R0-2 0. 5 
R0-3 1215.2 

R0-4 37. i 

R0-5 962. 7 

R0-6 1554.3 

R0-7 218.9 

R0-8 306.4 

R0-9 0.2 

R0-10 2135.0 

Sixteen fertile transgenic plants yielded seeds following 
self-pollination (Fig. 1F) .  

Ar~algsis of proger~y (R1 p/ants) 
Germinating seeds derived from 12 transgenic R0 plants 
which contained NPTII  activity were tested for Km resis- 
tance. Part of the results of the segregation of Km resis- 
tance are presented in Table 3 ,  which show that the ratio 
Of resistant to sensitive progeny is consistant with a 3 "1 
Mendelian segregation ratio (Fig. 1G) .  Resistant green 
seedlings were transferred to soil. All of these R1 plants 
reached maturi ty in the field and produced normal a- 
mounts of seeds. 

Table 3. Transmission of Km resistance to the rice progeny 

No. of No. of No. of Zz 
Progeny of seeds tested resistant seeds sensitive seeds 

R0-1 56 41 15 0.095 
R0-6 63 47 16 0.005 
R0-14 42 33 9 0.286 
R0-19 50 37 13 0.027 
R0-25 46 35 11 0.029 

z 2 tests indicate good agreement with segregation ratios of 3 : 1. 

Figure 6. Molecular analysis of R1 rice plants,  hybridized with a a2p_ 
labeled nt~tlI gene fragment from pLGVneo2103.  (A)  Dot blot analysis 
of undigested DNA from six Kin-resistant R1 plants and a control. Dots 
3 -5 ,  three R1 plants derived from the transgenie plant R0-1 .  Dots 6-: 
8, three R1 plants derived from the transgenie plant R0-3 .  (B) South- 
ern blot analysis of a transgenie R1 plant (lanes 1 , 3 , 5 , 7  ) and non- 
transformed plant (lanes 2 ,  4 ,  6 , 8 ) .  Genomic DNA was undigested 
(lanes 1 , 2 )  or digested with PstI (lanes 3 , 4 ) ,  EeoRI (lanes 5 , 6 )  and 
EeoRI/HindlI I  (lanes 7 , 8 ) ,  respectively. Lane 9 was pLGVneo2103 
digested with EcoRI and HindlI I ,  corresponding to one copy per diploid 
rice genome. 

Three R1 resistant plants derived from each of 12 R0 
plants were analysed by dot blotting for the presence of 
n~II gene. Undigested DNA from all of 36 R1 plants 
hybridized to the probe (Fig. 6A) .  One R1 plant was 
further analysed by Southern blotting to confirm integra- 
tion of the foreign nptlI gene into the genome. Uncut 
DNA showed hybridization only in the high molecular 
weight DNA (Fig. 6B, lane 1). Digestion with PstI 
generated the 1 .6  kb fragment (Fig. 6B, lane 3 ) .  
Digestion with EcoRI resulted in hybridization signals 
mainly larger than 7. 6 kb, likely due to incomplete 
digestion (Fig. 6B, lane 5).  When cut with EcoRI and 
HindIII ,  the predicted 3 .3kb  band was observed (Fig. 
6B, lane 7). In contrast DNA from control plant failed 
to hybridize to the probe (Fig. 6A, dot 2; Fig. 6B, 
lanes 2 , 4 , 6 , 8 ) .  NPTII activity was detected in all of 

Figure 7- Dot assay for NPTII activity in leaf extracts from transgenic 
rice R1 plants. Dot 1,  E. ~ HBI01 .  Dot 2 ,  non-transformed plant. 
Dot 3 ,  transgenic plant R0-1 .  Dots 4 -6 ,  three transgenic R1 plants de- 
rived from R 0-1. 
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36 R1 resistant plants ,  the activi ty levels were compara- 
ble with levels in R0 plants from which the R1 plants de- 
rived (Fig.  7,  dots 3 - 6 ) .  Leaf extract from control 
plant did not show NFTII  activity (Fig .  7,  dot 2 ).  
These results demonstrate the stable transmission and ex- 
pression of the introduced nptlI gene among transformant 
progeny. 

Discussion 

Direct DNA delivery based on the protoplast recipient 
system is now employed routinely to produce transgenic 
plants of cereals (Davey eta/ .  1991) .  Nevertheless,  the 
reproducible plant regeneration procedure from protoplas- 
ts was established only for a minori ty of varieties. IR36 
is an elite Indica rice cultivar of global importance,  from 
which recovery of plants regenerated from protoplasts 
has not yet  been reported. We have studied the tissue 
culture of thir ty- two rice cultivars (including Indica and 
Japonica var ie t ies) .  The results demonstrated that almost 
all rice cultivars could be regenerated from mature em- 
bryo cells through somatic embryogenesis even though 
the frequencies of embryogenic callus formation and 
regeneration varied among cultivars (unpublished data) .  
Therefore ,  we have attempted to use the cells of mature 
embryo as new recipient system for transformation. Fol- 
lowing successful introduction of foreign genes into elite 
local cultivars including Indica variety Sanerai and 
Japonica variety Nonghu No. 6 (Li e ta / .  1991 ) ,  in this 
paper we showed the recovery of transgenic plants and 
their progeny of IR36 ,  suggesting that this transforma- 
tion protocol is reproducible. 

Among various genotype- independent  gene transfer 
techniques developed la te ly ,  microprojectile bombard- 
ment is a relatively effective method. Transgenic cereal 
plants were recovered using microprojectiles to transfer 
genes into cells of embryogenic suspension culture and 
callus of maize (Gordon-Kamm eta / .  1990; Fromm et 
al. 1 9 9 0 ) ,  embryogenic ceils of wheat (Vasil  et a/. 
1992) .  However ,  the long periods of time required for 
the establishment of embryogenic callus and suspension 
culture led to phenotypic abnormalities of regenerated 
plants,  and reduced their fertility. The above-mentioned 
transgenic R0 plants from maize and w.heat failed to 
produce seeds from self pollination. Nonetheless, fertili- 
ty problems were not observed after microprojectile bom- 
bardment with immature embryos of rice (Christou eta/.  
1991) .  Comparably ,  with electroporation of less cul- 
ture-dependent tissue such as maize immature embryos or 
type I calli ( D '  Halluin e t a / .  1 9 9 2 ) ,  and rice mature 
embryos reported here,  transgenic rice and maize plants 
could be obtained through a simple culture protocol with- 
in a short period of t ime,  subsequently yielding selfed 
seeds. Therefore,  tissue electroporation is a simple and 
promising alternative for cereal transformation. More- 
over ,  our procedure offers the major adventage that it 
does not depend on the availabil i ty of flowering plants,  
because of using mature embryos instead of immature 
embryos as recipient material for transformation. 

Molecular analysis of R0 plants regenerated from 
G418-resistant  call2 demonstrated that not all plants were 
transformed,  only 29 of 35 mature R0 plants contained 
the nt~II gene from pLGVeno2103. We had shown that 
the rice plant regeneration from Krn-resistant callus orig- 
inated from single cell (Li eta/ .  1991) .  Therefore,  it  is 
possible that part of G418-resistant  calli f rom electropo- 
rated haf t -embryos  were chimera with transformed and 
non-transformed cells. Owing to protection by proximate 
transformed cells on the same explant ,  non-transformed 
cells could survive and proliferate under selective pres- 
sure,  and subsequently develop to somatic embryos and 
plants. The same phenomenon has been described by 
other authors ( F r o m m  et M. 1990; Christou e t a / .  
1991) .  Fromm et M. (1990)  solved the problem of non- 
transgenic maize plants regenerated from chimeric trans- 
genic caUi by using selection during regeneration. How- 
ever ,  we had reported earlier that at the stages of somatic 
embryogenesis and plantlet regeneration from trans- 
formed rice call i ,  the removal of selective agent is nec- 
essary. Considering the possibility that some R0 plants 
might carry but not express the nptH gene,  kanamycin 
was not involved in the plantlet growth stage in this pa- 
per ,  in contrast to our previous experiments (Li  et M. 
1991) .  Differing from the results of Fromm e t a / .  
( 1 9 9 0 ) ,  most of R0 plants regenerated from G418- re -  
sistant call2 in this experiment contained the foreign uptlI 
gene. This indicated that G418 selection at the callus 
proliferation stage was quite efficient. 
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Figure 1. Production of transgenic Indica riCe ( IR36)  plants and their progeny. (A)  Electroporated haft-embryos on MS proliferation medium supplemented 
with 30i~g/mt G418,  showing G418-resistant callus proliferation from Ceils of mature embryo electroporated with pLOVneo2103 (right) and not in control 
(left)) (B) Embryogenic G418-resistant callus~ (C) shoot and root developing from transformed embryogenio callus) (Dr Transgenic plantlats regenerated 
from transformed callus~ (El Mature R0 pianist (F) Fertile transgenic R0 plants that set selfed-seedsr (G) Test of Km resistance in progeny, showing a ap- 
proximate 3 : i segregation of the ai~H gene in R1 seedlings derived from transgenic R0 plant (right) and not in control (left). 


