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Abstract 

%We compared rice transgenic plants obtained by Agrobacterium-mediated and particle bombardment transfor- 
mation by carrying out molecular analyses of the To, TI and T2 transgenic plants. Oryza sativa japonica rice . 
(C.V. Taipei 309) was transformed with a construct (pWNHG) that carried genes coding for neomycin phospho- 
transferase (nptIZ), hygromycin phosphotransferase (Hyg'), and p-glucuronidase (GUS). Thirteen and fourteen 
transgenic lines produced via either method were selected and subjected to molecular analysis. Based on our 
data, we could draw the following conclusions. Average gene copy numbers of the three transgenes were 
1.8 and 2.7 for transgenic plants obtained by Agrobacterium and by particle bombardment, respectively. The 
percentage of transgenic plants containing intact copies of foreign genes, especially non-selection genes, was 
higher for Agrobacterium-mediated transformation. GUS gene expression level in transgenic plants obtained from 
Agrobacten'um-mediated transformation was more stable overall the transgenic plant lines obtained by particle 
bombardment. Most of the transgenic plants obtained from the two transformation systems gave a Mendelian 
segregation pattem of foreign genes in TI and T2 generations. Co-segregation was observed for lines obtained 
from particle bombardment, however, that was not always the case for T1 lines obtained from Agrobacteriunz- 
mediated transformation. Fertility of transgenic plants obtained from Agrobacterium-mediated transformation was 
better. In summary, the Agrobacterium-mediated transformation is a good system to obtain transgenic plants with 
lower copy number, intact foreign gene and stable gene expression, while particle bombardment is a high efficiency 
system to produce large number of transgenic plants with a wide range of gene expression. 

Introduction 

Agrobacterium-mediated transformation and transfor- 
mation using direct delivery of DNA are the two 
methods widely used for genetic transformation. 
Agrobacterium-mediated transformation has been es- 
tablished for many years in dicotyledous plants, and 
recently has been applied to monocotyledous plants 
(Hiei et al. 1994; Smith and Hood 1995; Ishida et al. 
1996; Hiei et al. 1997; Tingay et al. 1997). Mean- 
while, direct DNA delivery transformation methods 
were developed for monocotyledous plants and have 
become one of the most effective plant transforma- 

tion systems applied to major cereals (Christou et al. 
1991; Spencer et al. 1992; Li et al. 1993; Vasil 1994; 
Chen et al. 1998a). Many transformation methods 
have been applied to rice (Christou et d. 1991; hyres 
andPark 1994; Hiei et al. 1994; Smith and Hood 1995; 
Zhang et al. 1996; Zheng et al. 1996). In recent years, 
protocols for particle bombardment have been well de- 
veloped, modified and routinely used (Christou et al. 
1991; Li et al. 1993; Zhang et al. 1996; Zheng et al. 
1996; Chen et al. 1998a) and Agrobacterium-mediated 
transformation has been adapted to rice (Chan et al. 
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1993; Hiei et al. 1994; Park et al. 1996; Rashid et al. 
1996). 

Patterns of integration, inheritance and expres- 
sion of transgenes in plants upon Agrobacterium- 
mediated and direct DNA delivery-mediated transfor- 
mation have been reported by many laboratories (Goto 
and Toki 1993; Flavell 1994; Hiei et al. 1994; El- 
mayan and Vaucheret 1996; Chen et al. 1998a; De 
Neve et al. 1997; Kononov et al. 1997; Dean et al. 
1998; Kohli et al. 1998). The direct DNA deliv- 
ery systems tend to result in integration of multiple 
copies of transgenes at single loci and rearrangement 
of transgenes (Finnegan and McElroy 1994; Flavell 
1994; Pawlowski and Somers 1996; KOM et al. 
1998), while most of Agrobacteriunz-mediated trans- 
genic plants had a lower copy number of transgenes 
and a more predictable pattern of integration (Smith 
and Hood 1995). However, Kononov et al. (1997) 
reported that approximately 75% of the transgenic 
tobacco plants from Agrobacterium-mediated trans- 
formation contained sequence from the binary vector 
'backbone' sequences in plant genome. Furthermore, 
there was not a clear correlation between transgene ex- 
pression and transgene copy number (Dean et al. 1988; 
Hobbs et al. 1993). While single copies of transgenes 
may tend to be more stably expressed than multiple 
gene copies or scrambled inserts, there were additional 
factors that influenced transgene expression (Iglesias 
et al. 1997). Transgenic plants that exhibit classi- 
cal Mendelian inheritance ratios were reported from 
both types of transformation methods (Pawlowski and 
Somers 1996; Hiei et al. 1997). There were also cases 
of nonTMendelian patterns of inheritance in transgenic 
plants from both transformation methods (Spencer 
et al. 1992; Goto et al. 1993; Peng et al. 1995). 

In this paper, we propose to do a comparative 
analysis of transgenic rice plants obtained from both 
Agrobacterium-mediated transformation and particle 
bombardment. For this, we used for both techniques 
the same genotype, the same batch of calli, the same 
plasmid and the same experimentation. 

~ Materials and methods 

Bacterium strain arid plasmid 

Agrobacterium tuinefaciens strain LB 1-404 was used 
(Hoekema et al. 1983). Plasmid pWNHG (from Dr 
P.M. Waterhouse, CSIRO, Australia) was a binary 
vector that contains a NPT gene (nptll), a hygomycin- 

resistance gene (hpt) and a GUS gene (uidA) (Fig- 
ure 1); it was introduced into LBA4404 by electropo- 
ration. 

Agrobacteriunz-mediated transjfomiation 

Agrobacterium strain LBA4404 (pWNHG) was grown 
on YM medium containing 50 mgA hygromycin B 
and 50 mgA kanamycin at 24 "C for 3 days. Agrobac- 
teriunz cells were collected and re-suspended in NB 
liquid medium (Li et al. 11993) with 100 p M  ace- 
tosyringone, with an optical density (OD) of 0.5-1.0 
at GOO nm. Rice calli induced from Taipei 309 mature 
seeds were placed in bacterial suspension for 10 min. 
After briefly draining the calli on sterilized paper fil- 
ter, the calli were transferred to NB solid medium 
containing 100 pM acetosyringone and co-cultured at 
28°C in the dark for 2 days. The ca-cultured calli 
were washed three times with sterile water containing 
cefotwime at 250 mg/l and transferred to selection 
medium. The selection medium was the same as for 
particle bombardment except that it contained cefo- 
taxime at 250 mgA. Preregeneration and regeneration 
were carried out as for particle bombardment (Li et al. 
1993; Zheng et al. 1996; Chen et al. 1998a). 

. 

. 

.Particle bombardment transfornzatioïi 

Particle bombardment transformation was performed 
on. the same batch of calli that were used for 
Agrobacterium-mediated transformation. Transgenic ' 

plants were produced as described (Li et al. 1993) with ~ 

modification (Zheng et al. 1996; Chen et al. 1998a). 

GUS assays 

Both histochemical staining and fluorometric mea- 
surement of GUS activity in leaves of transgenic plants 
were carried out as described (Jefferson 1987). 

Southern blot analysis 

Genomic DNA extraction was performed as described 
(Dellaporta et al. 1983). For each sample, 10 p g  of 
genomic DNA were digested by appropriate enzymes. 
Southem blots were carried out as described (Zhang 
et al. 1996). As probe for the uidA gene, a 0.6 kb 
BamHIIEcoRV fragment within the GUS-coding re- 
gion was cut from plasmid p A d - D  (McElroy et al. 
1990). As probe for the hpt gene, a 0.8 kb ECORI 
fragment within the hpt coding region was cut from 
plLTAB310 (hpt gene driven by 35s promoter) and 
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Figure 1. Map of the T-DNA of plasmid pWNHG. RB, T-DNA right border; LB, T-DNA left border; nptll, coding region of the neomycin t 
phosphouansferase gene; hpf, coding region of the hygromycin phosphotransferase gene; uidA, coding region of the ,%glucuronidase gene; 
Nos-P, promoter of the nopalin synthase gene; Nos 3', 3' region of the nopalin synthase gene; 35S-P, promoter of the 35s RNA of cauliflower 
m0saic;irus: Ubi-P, promoter of the ubiquitin gene; intron, first intron ofthe ubiquitin gene. 

used as probe. For the nptll gene probe, a 0.6 kb PCR 
product ampkfied from the riptll coding region by 
using primer 1 5'-GAACAAGATGGATTGCACGC- 
3' and primer 2 S'-GCTCTTCAGCAATATCACGG-3' 
as forward and reverse primers, respectively. 

Analysis of liygroniycin resistance in plants progeny 

Seeds from To plants were sterilized and germinated 
on MS medium without 2,4-D for two weeks. Leaves 
of seedlings were collected for GUS histochemical as- 
say and further analysis. The remaining part of the 
plant was transferred to 112 MS medium containing 
50 mg/l hygromycin B for selection. Resistant plants 
were counted two weeks after transfer. The survey was 
repeated one week later. 

I 

Results 

Rice transfomation 

To minimize the influence of uncontrollable factors 
during development of transgenic plants, a single plas- 
mid (pWNHG) and the same batch of calli were used 
for both Agrobacteriunt and particle bombardment- 
mediated transformation. All the tissue culture proce- 
dures were the same, except that the selection medium 
for Agrobacterium-mediated transformation contained 
cefotaxime to repress growth of Agrobacterium. Hy- 
gromycin B-resistant transgenic lines developed from 
both methods of transformation were confirmed by 
PCR analysis of the hpt gene. The efficiency of trans- 
formation was estimated by establishing the ratio be- 
tween the number. of hygromycin resistant transgenic 
plants obtained versus the number of calli used for 
transformation. A 7% efficiency was obtained with 
Agrobacterium-mediated transformation, and a 22% 
efficiency with particle bombardment. Transgenic 
plants from Agrobacterium-mediated transformation 
and particle bombardment were designated as An and 

Gn, respectively. A total of 15 transgenic plants from 
each transformation method were subsequently trans- 
ferred to the green house for further analysis. How- 
ever, only 13 plants from Agrobacterium-mediated 
transformation and 14 plants from particle bombard- 
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ment survived and were analyzed. ì 

Gene copy number 

The copy number of the three foreign genes within 
T-DNA region of pWNHG was analyzed by southem 
blot assays. To detect the copy number of hpt, genomic 
DNAs of transgenic lines were digested with Sacl and 
probed with a 0.8 kb EcoRI fragment from lzpt cod- 
ing region. To detect the uidA gene, genomic DNAs 
were digested with PstI and probed with a 0.6 kb 
BamHIIEcoRV fragment from uidA coding region. To 
detect the nptll gene, genomic DNAs were digested 
with Hind111 and probed with a 0.6 kb PCR product 
within the nptll coding region. 

The average copy number of the hpt gene was 1.7 
and 2.5 among transgenic lines obtained by Agrobac- 
terium-mediated transformation and by particle bom- 
bardment, respectively (Table 1). The average copy 
number of genes per line was similar for most of the 
plants obtained by Agrobacteriuni-mediated transfor- 
mation; in contrast the number of genes copies was 
more variable for lines obtained by particle bombard- 
ment (Table 1, Figure 2A and B). 

Integrity of foreign genes and GUS expression levels 

The integrity of hpt and uidA was analyzed by South- 
em blot analysis. The intact uidA cassette was released 
by digesting plant DNA with EcoRI (Figure 1) and the 
hpt gene was released by HindJII (Figure 1). 

All of the transgenic lines except one, G18, con- 
tained at least one intact copy of the hpt gene regard- 

and B). Similarly, all Agmbacterium-mediated trans- 
genic plants had an intact copy of the uidA except 

i 
i 

! less of the transformation method used (Figure 3A , ! 
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Thble 1. Estimated numbers of ni&, Itpt. and riprll genes in transgenic rice lines A. 
transgenic lines from Agrobacrerit~m-mediated transformation: G. transgenic lines from 
particle bombardment-mediated transformation. 

Line Copy number Line Copy number 

Average I .9fI . l  1.7fl.1 1.8f1.2 Average 3.kkl.3 2.5f1.7 2.2fl . l  

XT. not tested. 

I 

7 . 1 K B  

S . I K B  

3 IKB 

2 OK6 
1 6 K B  

Figure 2. Southern blot analysis showing copy number of uidA in 
transgenic tines. For each sample. IO pg of genomic DNA were di- 
gested with Pst I and probed with a 0.6 kb EcoRVIBamHI fragment 
.of pActl-D. A. 42-A39. samples of transgenic lines from Agrobac- 
rerium-mediated transformation. B. G5-G28. samples fkom particle 
bom bardment. 

line A38 (Figure 4A). In contrast, the number was 
reduced to about 50% for the transgenic lines obtained 
via particle bombardment (Figure 4B). The average 

A 

12kb 

-6 Okb 

4 Okb 

2 Okb 
16kb 

6 

-12kb 

6 Okb 
-4 Okb 

-2 Okb 
-1 Bkb 

Figure 3. Southern blot anaIysis showing integrity of hpt gene in 
transgenic lines. For each sample. IO p g  of genomic DNA were 
digested with Hind111 and probed with a 0.8 kb EmRI fragment 
of p35H. A. NC. negative control (TP309): A2-A39. samples of 
transgenic lines from ARmbacrerirml-mediated transformation. B. 
NC, negative contro1 (TP309): pc. positive control. hpt gene re- 
leased from plasmid pWNGH: G5-G28. samples from particle 
bombardment. 
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Figure 4. Southern blot analysis showing integrity of itidA gene in 
transgenic lines. For each sample. IOpg of genomic DNA were 
digested with EcoRI and probed with a 0.6 kb €cuRV/BamHl 
fragment of‘ pActl-D. A. NC. negative control (TP309j: A2-A39. 
sample5 of transgenic lines from Agrubacterjuni-mediated trans- 
formation. B. NC. negative control (TP309): G5-G28, saniples of 
iransgenic lines from particle bombardment. 

level of GUS activity for the lines developed via 
Agrobucterium-mediated transgenic lines was slightly 
higher than the average level of particle bombarded 
transgenic lines (Figure 5). In addition. the level of 
GUS activity was more stable between transgenic lines 
obtained from Agrobacterium-mediated transforma- 
tion than between transgenic lines developed from 
pmicle bombardment. Plant lines that lack an intact 
copy of uidA likewise did not show GUS activity (e.g., 
A38, G14. G18, G22 and G29). 

Segregation patterns 

Segregation patterns of GUS activity and resistance 
to hygromycin in TI  and T2 generations were an- 
alyzed. All of the 12 fertilized lines developed 
by Agrobucterium-mediated transformation showed a 
Mendelian segregation pattern of gene expression (Ta- 
ble 2). Among them. A? exhibited two active loci of 
uidA. Ag and A18 had two active loci of uidA and hpt, 
and the other lines had one active locus for each gene. 
The T I  generation of Ag gave an aberrant segregation 
pattern in the GUS histo-chemical assay. Because of 

250 , 
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Figure 5. GUS activity assay of leaf samples from transgenic lines. 
A. A2-A39. samples from A~,~bncrmrjuni-mediate~ wansformation 
lines. B. G5-G28. samples from particle bombardment. 

seed contamination by fungi, not all of the T I  plants 
of line Ag were tested for resistance to hygromycin B 
(hyg‘). Uncontaminated TI plants gave a normal hyg’ 
segregation pattern: and hyg‘ and GUS activity co- 
segregated in all these plants. To establish a correlation 
between GUS expression and presence of the uidA in 
this line: 34 TI plants were analyzed by Southern blot 
analysis and GUS staining. A11 plants that contained 
the uidA were GUS-positive and all the Southern- 
negative plants were GUS-negative. GUS segregation 
patterns were analyzed in the T2 generation of eight 
Ag GUS-positive TI  lines. Each of the lines gave a 
Mendelian segregation pattern (Table 3). Three werë 
homozygous lines (Ax-], Ag8-6 and Agx-8) and the 
remaining lines were heterozygous. The aberrant seg- 
regation of GUS gene in TI plants of line A8 was 
apparently due to the population seeds tested. 

The patterns of segregation of GUS and hyg‘ of 
9 fertilized lines generated by particle bombardment 
were also investigated (Table 2). Most lines, except 
Glo and G14, showed a Mendelian pattern of segre- 
gation. Line Glu exhibited a 1 : I segregation pattern 
of GUS and hyg‘ and the genes Co-segregated in in- 
dividual TI progeny plants of Glo. To investigate the 
correlation between ui& integration and GUS expres- 
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Table 2. Segregation of hygromycin B resistance and GUS activity in T1 progeny 
plants of transgenic rice lines. 

To plants Segregation in TI' generation 
Lines Hygr/GUS HygrlHygs GUS+/GUS- ratio(Gus) X ~ G U S  

A2 +/+ 
A3 +I+ 
A5 +I+ 
A6 +I+ 
A8 +I+ 
A9 +I+ 
A14 +I+ 
A15 +/+ 
A18 +I+ 
A19 + I t  

A39 +/+ 
G10 +I+ 

G15 +I+ 
. . G16 +/+ 

G17 +I+ 
G18 +/- 
G 19 +I+ 
G21 +I+ 

A38 +/- 

GI4 +/- 

G22 +I- 

NT* 
64/12 
67/15 
56/25 
'1 8/6* 
2913 
62/20 
63/29 
6113 
50/18* 
53/19 
75/20 
24/37 
0142 
42/15 
NT* 
3418 
39/17 
47/17 
61/17 
65/22 

5412 
64/12 
67/15 
56/25 
37/22 
2913 
62/20 
63/29 
6113 
58/20 

75/20 
24/37 
0142 
42/15 
1313 
3418 
O156 
47/17 
61/17 
0177 

on2 

15:l 
3:1 
3: 1 
3: 1 
? 
15:l 
3: 1 
3: 1 
15:l 
3: 1 

3: 1 
1:l 

3: 1 
3:1 
3:l 

3: 1 
3: 1 

- 

- 

- 

- 

0.686 , 

3.439 
1.968 
1.486 

0.533 
0.01.6 
2.087 
0.267 
0.017 

0.790 
2.770 

- 

- 
0.053 
0.333 
0.794 
- 
0.083 
0.427 

NT, not tested; *partial plants contaminated during hygromycin resistence selec- 
tion. 

Table 3. Segregation of GUS activity in T2 progeny plants of 
A8 an G10. 

Ti Plants Hyg'/GUS GUS activity in T2 generation 
GUS+/GUS- ratio xz 

A8-1 
A8-2 
A8-3 
A8-4 
AS-5 
A8-6 
A8-7 
A84  
G10-1 
G10-2 
G10-3 
G10-4 
G10-5 
G10-6 
G 10-7 
G10-8 

+I+ 
+I+ 
+I+ 
+1+ 
+I+ 
+1+ 
+I+ 
+I+ 
+I+ 
+/+ 
+I+ 
+I+ 
+I+ 
+I+ 
+/+ 
+I+ 

3310 
32/11 
2418 
41u 
38/10 
5610 
31/17 
4710 
715 
716 
2011 6 
24/17 . 
13/17 
6/10 
12/15 
9/10 

~ 

l:o - 
3:l 0.008 
3:l 0.000 
3:1 2.778 
3:1 0.444 
l:o - 
3:1 2.778 
l:o - 
1:l 0.343 
1:l 0.077 
1:l 0.444 
1:l 1.195 
1:l 0.533 
1:l 1.000 
1:l 0.333 
1:l 0.053 

sion in TI progeny of Glo, 51 individual plants were 
analyzed by GUS histochemical assays and south- 
em blot analysis using the uidA probe. A l l  plants 
that contained uidA were GUS-positive, and all the 
Southem blot-negative plants were GUS-negative. To 
confirm the segregation pattem of Glo in the T2 gen- 
eration, eight uidA Southem blot-positive T1 lines 
were analyzed by GUS histochemical assay. All lines 
showed a 1:l segregation pattem of GUS in the T 2  
generation (Table 3). TI progeny of G14 were all sen- 
sitive to 50 mg/l hygromycin B selection; however, the 
To plant of ($4 was resistant to hygromycin selection 
and contained the hpt gene (Figure 3B). 

In most of the transgenic lines derived via 
both transformation methods, transgenes follow 
the Mendelian rules of inheritance. In case of 
Agrobacterium-mediated transgenic lines, there was 
greater likelihood that genes were integrated in sev- 
eral loci, while genes were mostly Co-integrated in 
lines generated via particle bombardment. We only 
observed an abnormal segregation pattem for the line 
G o .  

, 



Table 4. Fertility of To rice transgenic lines. 

Line Numberof Total Plump Setting 
panicles seeds seeds percentage 

A 2 4  I82 74 40.7 
A3 7 226 183 81.0 

A 5 6  21 7 176 81.1 
A6 3 152 I06 70.0 
A8 6 276 217 78.6 
A9 4 134 41 30.6 
A14 5 219 132 60.3 
A15 4 I93 I14 59.1 
A18 2 115 73 63.5 
A19 4 123 87 70.7 
A38 2 126 95 75.4 
A39 6 203 178 87.7 
Average 4.3f1.6 179.1f40.8 113.5f62.2 61.4394.6 
G5 3 97 O 0.0 
G7 3 63 O 0.0 
G10 3 138 91 65.9 
GI4 5 170 51 30.0 
GI5 6 140 64 45.7 
GI6 5 168 22 13.1 
GI7 2 135 56 41.5 
G18 2 111 95 85.6 
GI9 4 150 109 72.7 
G21 5 180 14 1 78.3 
G22 6 190 144 75.8 
G24 4 93 O 0.0 
G28 I 31 O 0.0 
G29 2 73 O 0.0 
Average 3.6f1.6 124.2f47.7 55.2f53.7 36.3f34.2 

A4 3 162 O 0.0 

Fertility of traizsgenic lines 

The transgenic lines were planted in the same green 
house and observed for agronomic characteristics. 
There were no obvious differences of agronomic char- 
acters between transgenic lines, except that transgenic 
lines derived from particle bombardment showed a 
higher percentage of sterile plants (5 out of 14) than 
transgenic lines from Agi-obacteriunz-mediated trans- 
formation (1 out of 13). In addition, the degree of 
fertility (i.e., number of seeds per plant) was also 
lower in Gn versus An lines (Table 4). 
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Discussion 

In this paper, we compared two transformation sys- 
tems for rice using the same experimental proce- 
dures. We considered differences in transformation 
efficiency, transgene copy numbers, gene expression 
and fertility of transgenic lines. 

In our experiment, the efficiency ofdgrobacteriurn- 
mediated transformation (7%) was lower than the one 
with particle bombardment (22%). Our efficiency of 
Agrobacteriurn-mediated transformation was not as 
high as reported by Hiei et al. (1994). In compari- 
son with particle bombardment, efficiency is still a 
limitation of Agrobacterium-mediated transformation 
in many laboratories. Furthermore, Agrobacteriunz- 
mediated transformation is still a genotype-dependent 
method. Although transgenic japonica and indica rice 
plants have been obtained by Agrobacteriunz-mediated 
transformation W e i  et al. 1994, Park et al. 1996, 
Rashid et al. 1996), the number of varieties trans- 
formed by Agrobacterium is lower than the number 
of varieties transformed with particle bombardment 
(Zhang et al. 1996, Zheng et al. 1996; Christou 1997). 

The influence of transgene copy number on level of 
gene expression is known to be complex. Although it 
was anticipated that increasing transgene copy number 
would increase expression level, it is now known tliat 
multiple gene copies frequently lead to Co-suppression 
and gene silencing (Vaucheret et al. 1998). Transgene 
copy number can be positively or negatively associ- 
ated with transgene expression (Hobbs et al. 1993). 
In some cases, a single copy of the transgene can be 
silenced (Elmayan and Vaucheret 1996). However, it is 
general considered that selecting plants with low gene 
copy number decreases the possibility of transgene 
Co-suppression. In our experiments, Agrobacterium- 
mediated transgenic plants have relatively low gene 
copy numbers and only two transgenic lines, Ag and 
A18 showed very high or low level of GUS activity, 
respectively. Ag had two intact copies of the uidA and 
A l s  had 5 copies, at least one of which was an in- 
tact copy. Transgenic lines from particle bombargment 
had multiple copies of the uidA sequences and had a 
low level of GUS activity. It is suggested that the low 
level of gene expression may due to gene silencing 
mechanisms. 

All of the Co-transformed genes Co-segregated in 
transgenic lines obtained from particle bombardment. 
This is in agreement with previous authors (Pawlowski 
and Somers 1996, Kohli et al. 1998) who showed 
that particle bombardment favored integration of mul- 
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tiple copies of transgenes at a single locus. The co- 
integration does not regard if the co-transformed trans- 
genes were from the same vector or from different vec- 
tors. Kohli et al. (1998) proposed a two-phase model to 
explore the transgene integration mechanism of DNA 
direct delivery transformation. This model, together 
with exonuclease/ligase model (McElroy et al. 1990), 
can well explain the phenomenon that, in most cases, 
transgenes in transgenic plants developed by direct 
DNA delivery transformation system have multicopies 
and locate at a single locus. The transgenes cointe- 
gration and Co-segregation phenomenon in transgenic 
plants developed from direct DNA delivery transfor- 
mation systems makes the job easy to genetically 
select transgene pure lines from progenies. It is also 
useful for map-based breeding program (Kohli et al., 
1998). However, it is also hard to eliminate selection 
markers through genetic approach unless we have spe- 
cial design to remove selection genes from transgenic 
plants. 

Agrobacteriurn-mediated transformation gives a 
greater frequency of multi-locus insertion of irans- 
genes. Using a 'super-binary' vector and Agrobacte- 
n'um-mediated transformation, Komari et al. (1 996) 
reported a 47% frequency of transferring two T-DNAs 
of the vector, and the T-DNAs segregated indepen- 
dently in more than half of the Co-transformants. De 
Neve et al. (1997) Co-cultured Arabidopsis with two 
Agrobacterium strains each canying a different T- 
DNA, and found that the two T-DNAs segregated 
independently in 15 out of 27 Co-transformed plants. 

' The integrity of the foreign DNA is different for 
the two types of transformations. T-DNA is integrated 
in most of the cases as a unit onto rice chromosome. 
Even though 'backbone' DNA of Ti plasmid vector 
may also integrate onto plant chromosome (Kononov 
et al. 1997), and, in another hand, partial of T-DNA 
may miss when T-DNAs were integrated onto chro- 
mosome (Kononov et al. 1997), transgenic plants from 
Agi-obactei-ìum-mediated transformation still have bet- 
ter chance to get intact copy of transgenes than trans- 
genic lines from bombardment. From our data, only 
A2, A9 and Al8 show partial T-DNA integration. 
By contrast, the integrity of transgenes in transgenic 
plants from particle bombardment showed a high vari- 
ation for the non-selectable genes. The re-arrangement 
and multimenzation of transgenes resulted in direct 
and inverted repeats of Co-integration, as well as in- 
tegration of partial transgenes (Pawlowshi and Somers 
1996; Kohli et al. 1998). This suggested that trans- 
gene DNA was integrated onto plant chromosome in a 

- 

random way and Kohli's two-phase integration model 
provided a good explanation of transgene integration 
(Kohlî et al., 1998). Re-arrangement of transgene 
will affect the function of transgene (Vaucheret et al. 
1998). 

Fertility of transgenic plants is very important for 
either using transgenic plants as genetic material for a 
breeding program or using transgenic plants for basic 
research. Even though, in some cases, the fertility of 
transgenic lines with a poor fertility in the To genera- 
tion could be restored to a certain degree in subsequent 
generations (Dai and Tian, unpublished data), it is crit- 
ical to get seeds from transgenic plants. TO this point, 
the fertility was usually better for Agrobacterium- 
mediated transgenic plants than it was for transgenic 
plants from particle bombardment. 

Particle bombardment can be a very efficient 
method of transformation, and it is often genotype- 
independent method. Furthermore, multiple plasmids 
can be used to Co-transform multigenes (Hadi et al. 
1996,'Chen et al. 1998b), and large fragments of 
DNA, including those in yeast artificial chromosome 
(Van Eck et al. 1995) can be introduced. Also, co- 
transformation, cosegregation may provide a simpli- 
fied way to apply transgenic materials to breeding 
programs (Kohli et al., 1998). However,'points like the 
number of gene fragments that are inserted, the low 
fertility of transgenic plants, and the rearrangement 
of gene sequences still need to be improved with this 
method. 

While Agrobacteriunz-mediated transformation is 
an established system in dicotyledonous plants, the be- 
havior of foreign genes is relatively well documented; 
Agrobacterium Co-transformation method may pro- 
vide an easy way to produce selection marker free 
transgenic plants. The low efficiency of transforma- 
tion and adaptability to monocotyledonous plants are 
major disadvantages. 

Both transformation methods have their own ad- 
vantages and disadvantages. The goal of the project 
(study of the expression of a gene (or a promoter); 
numbers of required, numbers of target genes to be 
used) will guide the scientist in choosing between the 
two systems. 
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