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Genetic Transformation of Soybean Mediated by Agrobacterium tumefaciens

LIN Shu-Zhu' CAO Yue-Ping'®  WEI Zhi-Ming’

' Agriculture and Biology School , Shanghai Jiaotong University . Shanghai 201101, China )
2 (Institute of Plart Physiology and Ecology , Shanghai Institutes for Biological Sciences, Chinese Academy of Sciences, Shanghai 200032, China )

Abstract Genetic transformation mediated by Agrobacterium tumefaciens is one of the most important methods in soybean trans-
formation. And itransgenic soybean has been obtdined in many laboratories by this method, and different Agrobacterium tumefa-
ciens stains and soybean cultivars were used. Because of the low efficiency of this method, further researches are necessary.
Many factors, such as Agrobacterium tumefaciens stains, soybean cultivars, the efficiency of T-DNA transfer, lissue culture con-
ditions and selection protocols, can affect the efficiency of the transformation. In this paper, recent advances in soybean transfor-
mation mediated by Agrobacterium tumefaciens were introduced. And some affecting factors to soybean transformation, such as
the interactions between soybean cultivars and Agrobacterium tumefaciens stains, regeneration systems in transformation, the
chemical inducer, acetosyringone, inducing expression of the wir gene and the thiol-containing compounds decreasing tissue
browning of explants and increasing T-DNA delivery were also introduced. In addition, the selectable markers, involving npt Il ,
hpe, bar and mutant aras genes, and marker-free method of co-transformation were discussed. At the same time the emphases
were probed into the further researches.

Key words Agrobacterium tumefaciens , soybean, genetic transformation
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Selection of Optimal Primers for TAIL-PCR in Identifying
Ds Flanking Sequences from Ac/Ds Insertion Rice Lines

SUN Bing-Yao'?* PIAO Hai-Long® PARK Sung-Han’

L { College of Life Sciences , Suchou University, Suzhou 215006, China)
2{ Plant Molecular Biology & Biolechnology Research Cenier, € National University , Jinju 660-701, Kores)

ik 4

HAN Chang-Deok’

Abstract Thermal asymmetric interlaced-PCR, as a PCR-based technique in identifying DNA fragments flanking known sequences,
has obtained wide application in different organisms thereby greatly promotes the efficiency in reverse genetics. Unfortunately, in spite
of the fact that TATL-PCR technique has been expanded vastly and adopted in transposon mutagenesis in rice, a reliable, highly
reproducible TAIL-PCR procedure especially for rice genomic DNA is still not available, mainly due to the complexity of rice genome
and the lack of optimal primers for TAIL-PCR in rice. Given the cuent situation, we designed 12 specific primers comresponding 10
3" end or complimentary to 5' end of Ds insertion, which constitute 32 sets, each with 3 specific primers for three rounds of TATL-
PCR, for screening the optimal combinations of Ds-specific primers. Based on the massive resulis from pilot experiments, two optimal
sets of specific primers ( Ds3L1/Ds312/Ds353 at 3’ end; DsSL1/D552/D%553 at 5'end) were chosen, and used together with six
arbitrary degenerate ( AD) primers, respectively, to comparatively investigate the effects of arbitrary degenerate primers on the
specificity of TAIL-PCR. Among the tested six AD primers, AD4 {5'-NTCAGSTWTSCWGWT-3'), possessing 128 fold degeneracy,
was proved to be the most efficient for TAIL-PCR with rice genomic DNA. Moreover, our results also implied that long specific
primers (36 ~ 40mers) in the primary reaction favored the TAIL-PCR by increasing specificity, and different AD primers led to
significant differences in PCR umplification, presumably due to great difference in degeneracy. Our data may provide helpful
information for TAIL-PCR technique to improve the efficiency in identifying DNA fragments flanking Ds insertion in rice or other
OTganisms .

Key words  Arbitrary degenerate { AD) primers, Ds-specific primers, Ds flanking sequences, Oryza sativs L. (rice), TAIL-PCR

A variety of methods including partial library construction,
inverse PCR (IPCR) , and thermal asymmetric interlaced PCR { TAIL-
PCR) can be used to clone unknown DNA sequences flanking known
sequences, but the method of choice is TAIL-PCR!" . Since it was
developed in 1995'21 | TAIL-PCR has become a powerful and efficient
procedure to obtain the DNA fragments adjacent to known sequerces,

in which three sequential PCR reactions ( primary, secondary, and
tertiary reactions) using nested insen-specific primers along with a
single degenerate primer are performed. The specific target products
can wsually be obtained after one round of super-PCR followed by two
rounds of nested PCR. Ac/Ds system, a lwo- componeni transposon
system based on the Ac element of maize, was proved to be an
and has received wide application in iselating insert end segments from insertional mulagen in the heterologous host Arabidopsism . In the
Pl and YAC clones'™,
sequences'®,

phnm[4‘5'6] . The widespread use of TAIL-PCR greatly attributed to its

or cloning pathogenicity-related gene case of screening rice mutants from Ds-tagging lines in our laboratory,

this procedure was utilized as a conventional method to identify the

[8.10}

and in reverse genetics involving in higher

transposon { maize Ac/Ds system) insertion sites in rice genome

distinct advantages over other traditional methods, such as its obvious
simplicity ( without manipulations of restriction digestion, ligation,
etc. required in other methods), high specificity and efficiency.
TAIL-PCR is a tri-reaction technique for in vitro DNA amplification,

Received : 03-15-2004

According to our experience in manipulating in TAIL-PCR with rice
genomic DNA, this method is still exposed to failure due te unknown
sources, When it was adopted directly o analyze the Ds-flanking
fragment from Oryza setive genomic DNA, a very high background
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from smear products in agarose gel electrophoresis was detected, and
sometimes it was difficult to identify the specific target products. So, a
reliable, reproducible TAIL-PCR procedure especially for rice genomic
DNA is not available. Apant from the complexity of rice genomic
DNA, utilization of specific and arbitrary degenerate primers in TAIL-
PCR may greatly owe to the TAIL-PCR perl'ormance[“] . Therefore, in
this sudy we investigated the effects of primers on the TAIL-PCR
performance with the objective to improve the reproducibility and
efficiency of TAIL-PCR for identifying Ds-flanking sequences from rice

genome .

1 Materials and Methods

1.1 Plant materiaks and templates for TAIL-PCR
Genomic DNA of Orjyza sativa L. cv. Dongjin Bye, a japonica
rice cullivar, was exiracted from leaf tissues using a urea extraction

pmcedure[a]

. After extraction, the concentration and purification of
genomic DNA were checked by measuring the absorbance of a sample
at 260nm as well as 280nm on a spectrophotometer.

Rice genomic DNA containing both Ac and Ds was screened by
specific AclO3l  ( 5'-
ATAAGATTGGCCAAGTTGATGTC3' )  and  Acl343a  ( 5'-
TTCTTGGTGAAATGCTGCCATAC-3'), and used as templates in
TAIL-PCR.

1.2 Primers tested for TAIL-PCR in this study

Arbitrary degenerate ( AD) primers Six arbitrary degenerate
primers with different degeneracies ( ranging from 32 to 256) were
chosen for this study, which were summarized in Table 1.

PCR using a par of primers,

reactions, which were carmried out sequentially, these primers were
combined to constitute totally 32 sets of specific primers ( Table 2),
and each set contained 3 specific primers for using in three rounds of
TAIL-PCR, respectively. Totally, there were 12 and 20 sels o
specific primers at 3’ end and 5’ end of Ds insertion, respectively.

DsS$3
TAGTTTTATCCCGATC MMWTMW%J
Deis2 (N3]

ATACAMAMGGTAMCGEAMOSBAMOGGTAGAG CTAGTTTCCCGACCGTTTCACCEGRAT
DsSL2

COOGTTTITAATCGGGATGATC COGTTTCGTTACCGTATTITCTAATTCGGGA \TA

e

5 cmmmmngmqmmlgc_cgrmmmmmmmm

TOGE CAGCTOCAACTC CCATOCAT MC CACTGAGGC CCAGC CCATGTANGAATACCTABCS

ANCGCTRCTCTRCCTCTCTOCCABGCGGCCAGGCACCACACGAGTAACAGCATCACAC -

oo TG TTTAATTAAGAC TTGTGTTTACAATTTTTYATATTIGTTTTTAAG T TTTGAATATATETTTT
CATGTGTGATTTTACCGAACMAAATACCGGTTCCCGTCCGATTTOGACTTTAALCCGACCEA

WICCGTA“TATCCCGHCGTWCGTTMI@TATATCCCG"M
D2

TATTTTACCGACCGTTACCGA

TITCCGTOCCGC AMGTTAAATATGAAMIGAMACGGT

T De3s2 Dl
CCGTTIICATCECTA &
Ds353

Fig-1 The comesponding positions of all the 12 specific primers
tested for TAIL-PCR at both ends of Ds insertion
Specific primers corresponding to the 3* end or complimentary 10 5° end of
Ds insertion were marked by arrow underlines, with dashed lines for shon

primers and thick lines for long primers

Table 2 All the 32 sets of specific primers tested in the
three snccessive rounds of TAIL-PCR

Primer T ] Size difference
Table 1 Arbitrary degenerate (A} primers used in this study et 1%/2 13" reactions of shift bands "
AD Sequence Degeneracy 1 Ds3L1/Ds312/Ds3L3 44
prme -3) (X) ) Ds3L1/Ds3L2/ Ds3S2 57
ADICTG ASNTGSWATGG 32
3 Ds351/Ds3L2/Ds31L3 4
AD2 TTGIAGNACIANAGG 64
4 Ds3S1/ Ds3L2/ Da3S2 57
AD3 GWWGCTSCWASWCTG 64
5 Ds3L1/ Ds3L2/ Ds3S3 P 1]
AD4 NTCAGSTWTSGWGWT 128
G Ds3S1/ Ds3L2/ Ds353 93
AD5 GWSIDRAMSCTGCTC 192
7 Ds3L1/ Ds3L3/ Ds353 49
AD6 AGWGNAGWANCANAGA 256
3 Ds3L1/ Ds3S2/Ds353 36
Notes: Mixed bases were present in IUB code name, D=G, A, T; M=A,
9 De3S1/ De3L3/ Ds353 49
C:N= A, G.C, T; R=A, G; 526G, C; W=A, T. I atands for
Inosi The sequence inf jon on arbitrary degenerate primers was 10 De3S1/Ds352/Ds353 3
obtained from Tsugeki e al'®’, and from personal communication with U. 1 Da312/De3L3/ D353 49
Grossniklaus ( University of Ztirich, Switzerland ), and D. McCany 12 Ds3L27 Ds3S2/Ds3S3 36
(University of Florida, USA). 13 DsSL1/DsSL2/De551 70
Ds-specific primers: In order to evaluate the possible influences 14 DeSLL/DsSLY/DsSS2 88
of specific primers and of oligonucleotide length of primers on the 1 DeSL1/DsSL2/Ds513 150
TAIL-PCR, twelve Ds-specific primers were designed, with 3 short
16 De5L1/Ds512/Da553 180
primers {19 ~ 24mer) and 3 long primers {34 ~ 40mer) for each end
17 DsSL1/Ds551/Da552 18
of Ds insertion. All the twelve Ds-specific primers used in this study
18 Ds5L1/Ds551/Ds5L3 ) 80

were marked in Figure 1. Because TAIL-PCR consists of three PCR
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Frimer 1#/2°4/3™ reactions Siee Mm
set of shift bands
19 DsSL1/DsSL2/Ds513 110
20 Ds5L1/Ds5L2/Ds5L3 62
21 Ds5L1/Ds5L2/Ds513 92
y Ds5L1/DsSL2/Ds5L3 30
px| DsS12/Ds551/De552 18
24 Ds5L2/DsSS1/Ds5L3 80
25 Ds5L2/Ds5S1/Ds5S3 110
26 DsSL2/Ds352/Ds513 62
2 Ds5L2/Ds552/ D53 92
28 DsSL2/DsSL3/Ds5S3 30
29 Ds5S1/Ds552/Ds5L3 62
30 Ds5S51/Ds552/Ds583 2
3l Ds5S1/DsSL3/Ds553 30
32 Ds552/DsSL3/Ds5S3 30

Notes: Sets 1 ~ 12 are specific primers corresponding to 3' end of Ds
insertion, whereas sets 13 ~ 32 are complimentary to 5° end of Ds insertion.
# : expected size difference between specific products from the 2nd and 3rd
reactions calculated sccording to the distance from 5° end of the primer to the
comresponding end of Ds.

1.3 Cyding conditions of TAIL-PCR

Thermal asymmetric interlaced PCR { TAIL-PCR) was performed
in the PTC-200 Peltier Thermal Cycler ( MJ Research, Watertown,
MA, USA) basically according to the original protocol by Lin &
Humé 12) with the minor modification that munning the low stringency
cycle at 35°C instead of 25°C in the primary reaction (20pL), 15
supercycles in the secondary veaction (20pL) and 35 reduced -
stringency cycles in the tertiary reaction (30yL) were performed.
20ng rice genomic DNA was used as a template in the 1" reaction.
rTaq { Takara Shuzo, Japan) or NecTherm (GeneCraft, Germany}
was used for Tag polymerase in all the three consecutive rounds of
TAIL-PCR.
1.4 Agarose gel amalysis of TAIL-PCR products

The amplified products were analyzed by 2% agarose gel
electrophoresis in 1 x TAE buffer (40mol/L Tris-acetate, 2mmol/L
EDTA {pH 8.3]). The Mupid-2]1 appararus ( COSMO BIO CO,
LTD) was set at 50 V for approximately 40min. After electrophoresis,
the gels were stained with 0.5 pg of ethidium bromide per mlL for 30
min and destained with water for 20 min. To record the amplification
pattern, the gels were placed on & UV light box and the pictures of the
fluorescent ethidium bromide-stained DNA separation were aken with
a Polarcid camera. Since specific products in the 1* reaction may not
reach a visible level in aparose gels[u] only amplified pmducls from
the 2 and 3™ reactions were analyzed in this study.

2 Resulis

Based on the results from two rounds of pilot experiments ( data

not shown), which were camried oul to determine the appropriate
specific primers, we investigaled the possible effects of different
arbitrary degenerate ( AD) primers on the performance of TAIL-PCR.
As shown in Figure 2, when combined with specific primers at 3'end
(Figure 2A) or 5° end of Ds insertion ( Figure 2B), different AD
primers produced quite different amplification pattems of TAIL-PCR.
Comparatively, it is easy to find that AD4 provided the highest
efficiency in TAIL-PCR as evidenced by the strong bands amplified

M AD1 AD2 AD3 AD4 ADS AD6

Fig.2 Agarose gel analysis of amplified products by TAIL-PCR
using six different arbitrary degenerate ( AD) primers

Two samples ( genomic DNA} were used as templates for each AD primer,
and each pair of lanes contains amplified products from the 2nd and 3nd
reactions. DNA size markers (lane M) are indicated on the left. A} AD
primers together with 3’ end specific primers (set 5 in Table 2); B} AD
primers together with 3’ end specific primers (set 2! in Table 2)

from most samples ( here, data from two samples are presented in
Figure 2) . Altematively, AD3 and AD6 can be chosen for TAIL-PCR
with rice genomic DNA. Both ADI and ADS failed to yield any
specific products when they were used together with specific primers at
3’ end of Ds insertion, but they can be used in combination with 5
end specific primers. Due to the considerable complexity of AD
primers, the close relationship between degeneracy of AD primers and
its effects on TAIL-PCR can not be established. Presumably, lower
degeneracy is highly related to lower efficiency of TAIL-PCR.
According to the data in this study, AD primers with lower degeneracy
didn’t provide the results as good as those from AD primer with higher
degeneracy, though ADS (with 192 fold degeneracy) yielded smear
products when it was used together with 3" end specific primers. One
possible explanation for AD5" s failure in combination with 3" end
specific primers is that the amplification performance may be affected
not only by its degeneracy but also by its oligonucleotide sequence.
Among the six AD primers tested, AD5 possesses the highest ratio of
degenerate base to particular base, with 50% bases degenerated,
which may closely related to the efficiency of TAIL-PCR.

AD4, the most optimal arbitrary degenerate ( AD) primer as
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indicated above, was employed to perform TAIL-PCR together with
specific primers with an objeciive to select the optimal Ds-specific
primers. Together with specific primers at 3' end or 5’ end of Ds
insertion, respectively, AD4 was exploited to perform the TAIL-PCR,
and the resulting amplification patterns are shown in Figure 3 and
Figure 4.

As far as specific primers at 3" end are concemed, in comparison
with other sets of specific primer, sets 1, 2, 5, 7 and 8 have clearly
displayed strong specific bands as confirmed by the shifi distance
between the 2™ and its corresponding 3™ products { Figure 3) , which
unexceptionally

Fig. 3 Agarose gel analysis of amplified products by
TAIL-PCR using AD4 { AD primer) together with specific

primers at 3' end of Ds insention

For testing, 12 sets (a pair of lanes for each set) of specific primers were
examined. The combinations of specific primers are designated in Table 2.
The 2nd and 3rd products were loaded side by side to check the possible
shift bands

generated from Ds3L1 in the 1* reaction. For sets 11 and 12 using
long primer Ds312 in the 1* round, no obvicus specific products were
observed, which was even worse than those from sets 3, 4, 6, 9 and
10, in all of which short primer Ds3S1 was used in the 1** reaction.
To disclose the reasons for the above results, we carried out a database
search for short, nearly exact matches using the sequence of specific
primer as a query against NCBI-BLAST [ hitp://www. ncbi.nlm.nih.
gov/ BLAST/] . These results can be well explained by the fact that
Ds3L1 matches only 2 hits when NCBI search was done against short,
nearly exact sequences among rice genome, while Ds312 holds 10
matches, even more than 7 hits of Ds3S1. Collectively, results present
here showed that the nucleotide sequence of specific primer can be
regarded as the key factor influencing PCR specificity, and using long
primers in the 1* reaction significantly favored TAIL-PCR. As for the
2™ and 3" reactions, no significant difference exhibited in using short
or long primers.

Compared with the amplification pattemns from specific primers at
3’ end of Ds (as shown in Figure 3) , each set of specific primers at 5’
end of Ds insertion yielded stronger specific products { Figure 4) . As
expected, the distance between the 2™ and its corresponding 3
product from each set of 5’ end primers is consistent with the
calculated size difference ( Table 2), which indicaled that all the

strong bands were specific targeted products.

TAIL-PCR products from set 13 to set 22 were generated by
specific primer Ds5L1 in the 1° reaction (shown in the upper panel of
Figure 4) . It can be found that most of the products are 300 ~ 500 bp
in size, while other products with bigger size are very week in gel.
Sets 23 ~ 28 using Ds5L2 in the 1 reaction (shown in the lower panel
of Figure 4) also yielded highly specific products, with only two strong
bands present, while sets 29 ~ 32, in which short primers Da5S1 or
Ds552 were adopted, recovered more than three bands, which implied
the lower specificity.

Interestingly, by comparing the set 9 (Figure 3) with set 31
(Figure 4), in both of which shont primers were used in the 1*
reaction, and long primers in the 2™ reaction, respectively, it was
found that these two sets gave rise lo quite different amplification
pattems, though both primers ( Ds381 in set 9 and Ds551 in set 31)
have the same hit number of nearly exact matches with rice genomic
DNA, and similar distance from their corresponding end of Ds.
Nevertheless, bands was taken into
consideration, set 31 is appreciated relatively, because it recovered

if sequencing of shift

PCR products appropriate in size for sequencing.

Fig. 4 Agarose gel analysis of amplified producis by
TAIL-PCR using AD4 { AD primer) together with specific
primers at 5' end of Ds insertion
Far testing, 20 sets (13 ~ 32) of specific primers were examined. The
combinations are signed in Table 2. The 2* and 3™ products were londed
side by side to check the possible shift bands

3 Discussion

As a powerful technique to identify the DNA fragments flanking
al known sequence, TAIL-PCR has obtained a wide range of
applications in different higher plants including rice ! | Originally,
TAIL-PCR was developed and used successfully for chromosome

walking in YAC clones'>?) | To increase its efficiency in plant
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reverse genetics, different researchers have given some modifications
to TAIL-PCR. Sessions et af!*’ developed a two-reaction mTAIL-PCR
for Arabidopsis reverse genetics from the original vemsion of TAIL-
PCR?! . With the objective lo efficiently identify the DNA fragments
flanking Ds insertion from rice genome on a large scale, we think it is
necessary 1o optimize TAIL-PCR reaction conditions. Though a number
of parameters can be varied to optimize reaction conditions for PCR
inctuding TAIL-PCR, the most crucial factor influencing TAIL-PCR is
the utilization of primers. In this study, based on many pilot
experiments, we fixed most parameters at the standard levels!?] that
are suitable for successful application in other organisms, and
concentrated on the effects of primers on the performance of TAIL-PCR
amplification, thereby screened the optimal specific primers and AD
primers .

Successful TAIL-PCR depends tremendously on the utilization of
optimal primers, though effects of other cycling conditions can not be
ruled out. Among the three consecutive reactions in TAIL-PCR, the
primary reaction is the most critical because relative amplification
efficiencies of specific and non-specific products is thermally controlled
in this step, in which the specific product can be preferentially
amplified over nonspecific ones by interspersion of two high-stringency
PCR cycles with one reduced-stringency PCR cyclem] . Two factors
related to the specific primer used in 1% reaction may have played a
cmeial role in the performance of TAIL-PCR. One is the
dligonuclectide length, the other is the base composition. As shown in
Figure 4, when long sequence primer (40mer) was used, TAIL-PCR
can produce highly specific products, whereas the specificity may
decrease obviously when short primer (22-2dmer) was used. As for
the sequence of primer, we found that the background of primer
sequence against the whole rice genome was another major factor for
the success of TAIL-PCR. To support this, we run a NCBI BLAST
search for short, nearly exact matches using primer sequence as a
query. The search results indicated that primers Ds<SL1 and DsS12
have 3 and 21 hits against rice sequence, respectively, which can
explain the results in Figure 4. Most often, more hits mean, more
sequences similar to the primer, and imply noisy DNA, which lead to
the decrease in specificity of amplification.

Though primer selection is often empirical, some of the criteria
should be considered to select optimal specific primer sets for TAIL-
PCR, which include (a) higher specificity with less non-specific
products, (b) stronger of specific bands in gel, (c) size of PCR
products around 500 bp. These rules will apparently favor the
subsequent manipulations of eluting and sequencing. Only those
specific primer sets that fulfill the above criteria can be regarded as
optimal for TAIL-PCR. In this study, we screened the two most
optimal specific primer sets, set 5 and set 21, for TAIL-PCR, which
are corresponding to 3° end or complimentary 10 5" end of Ds
insertion, respectively. Obviously, one common feature for both sets

is long primer in the 1* reaction. Moreover, though there was no

direct evidence of positioning effect of specific primer, the results
end of Ds generated better
amplification than those at 3" end did.

Our data tum out that AD4 (5'-NTCAGSTWTSGWGWT-3') is
the most optimal AD primer for TAIL PCR using Ds tagged rice

suggested specific primers at 5’

genomic DNA as a template, because it can cover most samples at
each manipulation. Understandably, even the optimal AD primers can
not always work or every sample, so, when no specific products are
recovered, using another arbitrary degenerate primer (such as AD 3)
in place of AD 4 is recommended. It should be pointed out that twop
inosine-containing AD primers tested in this study, AD2 and ADS
didn’ t show better results, though inosine was usually synthesized in
AD primers in other research work('] .

Undoubtedly, the optimal primers screened in this study will
increase specificity of TAIL-PCR and thereby facilitate reliable

application of TAIL-PCR in rice reverse genetics.
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