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ABSTRACT

Stress can alter the genomic composition of a plant. Among the stresses that
can change the genome is the introduction of foreign DNA molecules via a plant
tissue culture process. Representational difference analysis (RDA) was used as
a novel technique to isolate and characterize genomic changes that may be
associated with transgene insertion. Three different DNA sequences were
isolated by RDA as subtraction products from tobacco expressing an exogenous
cysteine proteinase inhibitor (cystatin) transgene and showing an conditional
phenotype, namely reduced stem elongation, under low light. Subtraction
products represent possible DNA sequence differences between wild-type plants
and plants derived from a plant tissue culture/gene insertion process. Two

methylation-sensitive subtraction products, Hp12 and Hp14, were similar to part
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of the tobacco chloroplast genome and the tobacco 18S rRNA gene,
respectively. A third non-methylation sensitive DNA subtraction product, Hi30,
had no significant homology to any reported DNA sequences. Screening a
genomic library derived from a cystatin expressing plant, the Hi30 sequence
could be localized in regions with homology to known repetitive DNA sequence
families. Flanking regions of the Hi30 subtraction further revealed homology to
DNA sequences of ribosomal RNA genes and to general cloning vectors. A
variety of both wild-type and plant tissue culture/gene insertion derived tobacco
plants were further screened by PCR for the presence/absence of the RDA
subtraction products. Amplification products showed both changes in the copy
number and DNA sequence variability. However, these changes could not
clearly differentiate between the two types of plants. Due to the homology of one
subtraction product to rDNA, plants were also screened for possible changes in
the rDNA repeat unit. A similar pattern for the rDNA transcribed regions using
Southern blot analysis were found regardless if wild-type or plants derived from a
plant tissue culture/gene insertion process were used. However, generally less
rDNA was present in plants derived from a plant tissue culture/gene insertion
process. Overall, only minor genome changes could be identified with RDA in
plants derived from a stressful tissue culture/gene insertion process, which could

however not be clearly associated with to the genetic modification process.
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Research Objectives

There is evidence that stress can alter the genomic composition of the plant.
The introduction of foreign DNA molecules into the plant genome to produce
genetically modified plants might be among such stresses. Plant transformation
involves a plant tissue culture process requiring plant growth regulators,
antibiotics to regenerate and select from an explant and the transfer of an
exogenous transgene. In this PhD project, the potential of the technique of
Representational Difference Analysis (RDA) was therefore evaluated to possibly
isolate and characterize genome changes that might have occurred as a direct
result of the plant tissue culture/gene insertion process in tobacco plants. In
particular (1) the evaluation of the RDA technique to identify genome changes in
in vitro propagated genetically modified tobacco, (2) the identification and
characterization of such possible genome alterations associated with plant
transformation, (3) the location of such genome differences in the plant genome
and (4) the general occurrence of such genome changes in a variety of both
genetically modified and non-modified wild-type plants were studied. The
experiments carried out in this PhD project were therefore focused on three
primary objectives. These were (1) the evaluation of the usefulness to isolate
genome changes in tobacco, which were possibly induced by a stressful event
such as plant tissue culture/gene insertion, (2) the isolation and characterization
of possible genomic variations associated with plant tissue culture/gene transfer
in genetically modified tobacco, (3) genome localization of possibly altered
genome sequences and (4) the possible detection of such changes in a variety of
genetically modified tobacco plants. An additional avenue, the relationship of an
unusual plant phenotype, which was observed in the transgenic lines, to
transformation and exogenous gene expression, was also pursued in a

preceding study.

I
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Thesis Composition

Chapter 1 of this thesis presents an introduction into stress in plants and what is
currently known about stress-induced changes of the plant genome with a
primary emphasis on changes in the DNA sequence. This first chapter
summarizes research results so far obtained and includes the techniques that
have been applied for characterization of genome changes and the advantages
and disadvantages of these techniques. Chapter 2 is an outline of a preceding
physiological/biochemical study with genetically modified plant material carrying
and expressing a cysteine proteinase inhibitor gene. This study formed the basis
and objectives for a detailed analysis of the tobacco genome analysis by
Representational Difference Analysis (RDA) to characterize genetically modified
plants derived from an in vitro propagation/gene insertion process. Chapter 3
focuses on the application of (RDA) on genetically modified tobacco. This
chapter outlines the results obtained from application of this subtractive
technique executed on genomic DNA digested with methylation-sensitive and
non-sensitive restriction enzymes including the isolation and cloning of
subtraction products. This chapter further outlines the results of their analysis
using DNA sequencing and bio-informatics tools. Chapter 4 focuses on
experiments carried out identifying the location of subtraction products in
genetically modified tobacco plants by screening a constructed genomic library
with cloned subtraction products. This chapter also outlines the results of the
application of a two-step PCR method with biotinylated primers to identify and
characterize tail-end flanking regions of one of the RDA subtraction products.
Chapter 5 describes the results obtained from the screening of different types of
tobacco lines with DNA primers designed from analyzed subtraction products
with the emphasis to identify a possible genetic marker for transformation in
genetically modified plants. Chapter 6 the Summary and Perspective outline
the scientific achievements made by this thesis and also the failures are

mentioned and discussed, and an overview about possible future research

v
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activities is provided. Finally, in the Annex the methods and sequence data

used in this study are described.
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(A) or from a concentrated extract (B) was loaded onto the gel. Size
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Figure 2.3. 55
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1
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T4/5, 15.6+1.4 pmol [COz] m™s™ for T4/3-1 and 15.8+1.8 pmol [CO,]

m?s™ for T4/3-2. In each case values represent the mean + standard

error of leaves of 6 different plants.
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after the first (B), second (C) and third round (D) of subtractions. Lane
M represents a 100 bp size marker and lane H represents 1ug of
herring sperm DNA.

Figure 3.2. 75
RDA on Hindlll-digested genomic DNA. (A) Genomic DNA from two
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M represents a 100 bp DNA marker and lane H represents 1ug of
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Figure 3.3. 76
(A and B) Ten E. coli colonies each for the two transformations
hybridized separately with labeled Hpall driver amplicon derived either
from wild-type DNA (A; experiment 1) or genetically modified DNA (B;
experiment 2) with a relatively low hybridization signal. Hybridization
signals lower than that of colony 11 were considered low. Colonies A7
and B5 (Hp12 and Hp14) were the final clones, which were eventually
further characterized. (C) Third round subtraction products cloned into
the cloning vector PMOSBIue and cut with Hindlll/BamHI to release
the cloned inserts E1C1 and E1C2 derived from experiment 1 and
E2C1, E2C2, E2C3 and E2C4 derived from experiment 2. Cloned
inserts were separated on an agarose gel stained with ethidium

bromide. Lane M represents a 100 bp DNA marker.
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considered low. (B) Plasmid DNA separated on an agarose gel and
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with Hindlll/BamHI to release the inserts (E3C1 to E3C4). Lane M
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separated on an agarose gel and stained with ethidium bromide after
cloning into plasmid pMOSBlue and release of cloned product by a
BamHlI/EcoRI digest of isolated plasmid. Digestion of plasmid with
BamHlI/EcoR| added an additional 50 bp of cloning vector to the insert
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size. Arrow indicates position of Hp12 and Hp14 on the gel. Lane M
represents a 100 bp marker. (B) Hybridization of subtraction products
Hp12 (upper part) and Hp14 (lower part) to a filter containing Hpall-
digested and amplified DNAs derived from a wild-type tobacco plant
(DA/driver amplicon), two pooled DNAs of genetically modified
tobacco plants (TA/tester amplicon) and amplified subtraction products
after first (S1), second (S2), and third round (S3) of subtraction.
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(A) Third round Hi30 subtraction product separated on an agarose gel
and stained with ethidium bromide after cloning into plasmid
pMOSBIue and release of cloned product by a BamHI/EcoRI digest of
isolated plasmid. Digestion of plasmid with BamHI/EcoR| added an
additional 50 bp of cloning vector to the insert size. Arrow indicates
position of Hi30 on the gel. Lane M represents a 100 bp marker. (B)
Hybridization of Hi30 to a filter containing Hindlll digested and
amplified DNAs derived from a wild-type tobacco plant (DA/driver
amplicon), two pooled DNAs of genetically modified tobacco plants
(TA/tester amplicon) and amplified subtraction products after first (S1),
second (S2), and third round (S3) of subtraction.

Figure 3.7 81
Hybridization of final amplified Hp12 and Hp14 subtraction products to
a filter containing Hpall-digested genomic DNA derived from two
individual genetically modified tobacco plants used in the experiments
for pooling DNAs (T1 and T2) and from the non-modified wild-type

tobacco plant (NT). Detected band of plastidic DNA with Hp12 is
indicated.
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Figure 3.8. 82

(A) Genomic Mspl-digested DNA after separation on an agarose gel
and stained with ethidium bromide from one non-modified wild-type
tobacco plant (NT). Lane M represents a 100 bp marker. (B)
Hybridization of final amplified Hp12 subtraction products to a filter
containing Mspl-digested genomic DNA derived from a non-modified
wild-type tobacco plant (NT). Detected band of plastidic DNA with
Hp12 is indicated.
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PCR amplification of genomic target DNAs with primers designed for
Hi30, Hp12 and Hp14 with genomic template DNA derived from
pooling DNAs of two genetically modified tobacco plants (T) and
genomic DNA derived from the non-modified wild-type tobacco plant
(NT). Lane M represents a 100 bp marker.

Figure 3.10. 85
PCR amplification of genomic DNA with primer pair Hp12A and Hp12B
with genomic template DNA derived from pooling DNAs of two
genetically modified tobacco plants (T) and genomic DNA derived
from the wild type tobacco plant (NT). Lane M represents a 100 bp

marker.

Figure 3.11. 86
(A) PCR amplification of genomic target DNAs with primers Hp12R
and Hp12C with genomic template DNA derived from pooling DNAs of
two genetically modified tobacco plants (T) and genomic DNA derived
from wild-type tobacco plant (NT). Amplified products from modified
and wild-type plants were either undigested (NT and T) or digested

with restriction enzyme Hpall (NT1 and T1). Lane M represents a 100
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bp marker. (B) Hybridization of Hp12 to a filter containing amplified
products from A.
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PCR amplification of genomic target DNAs with primers Hp12R and
Hp12C with genomic template DNA derived from pooling (A) Mspl-
digested (B) Hpall-digested DNAs of two genetically modified tobacco
plants (T) and digested genomic DNA derived from wild-type tobacco
plant (NT). Lane M represents a 100 bp marker.
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(A) DNA fragments from genomic library clones Hp12L1, Hp12L2 and
Hp12L3 excised with BamHI from the phagemid vector pBK-CMV
separated on an agarose gel and stained with ethidium bromide.
Arrows indicate position on the gel of excised inserts. Lane M
represents BstEll digested marker DNA with respective sizes. (B)
DNA fragments isolated from library clones Hp14L1, Hp14L2 and
Hp14L3 after excision with BamHI| from the phagemid vector pBK-
CMV separated on an agarose gel and stained with ethidium bromide.
Arrows indicate position of excised inserts on the gel. Lane M

represents a 100 bp DNA marker.

Figure 4.2. 98
Inserts from genomic library clones Hi30L1, Hi30L2, Hi30L3 and
Hi30L4 after excision with restriction enzyme BamH| from the
phagemid vector pBK-CMV, separation on an agarose gel and stained
with ethidium bromide. Lane M1 represents a 100 bp DNA marker
and lane M2 represents marker DNA from Hindlll/EcoR!| digested
lambda DNA.
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Figure 4.3. 29
(A) PCR amplification of cloned DNA fragments with primers designed
for Hp12 subtraction product with plasmid DNA derived from Hp12L1,
Hp12L2 and Hp12L3 library clones as templates. Lane M represents
a 100bp DNA marker. (B) Hybridization of Hp12 subtraction product
to a filter (figure 4.1) containing BamHI digested plasmid DNA from
library clones Hp12L1, Hp12L2 and Hp12L3.

Figure 4.4. 104
(A) PCR amplification of DNA fragments from library clones with
primers designed for Hp14 subtraction product using plasmid DNA of
Hp14L1, Hp14L2 and Hp141L3 library clones as templates. Lane M
represents a 100 bp DNA marker. (B) Hybridization of Hp14
difference product to a filter containing BamHI-digested plasmid DNA
from library clones Hp14L1, Hp14L2 and Hp14L3.

Figure 4.5. 106
(A) PCR amplification of Hi30 subtraction product from different library
clones with primers designed for Hi30 subtraction product using vector
DNA from library clones Hi30L1, Hi30L2, Hi30L3 and Hi30L4 as
template. Lane M represents a 100 bp DNA marker. (B) Hybridization
of Hi30 subtraction product to a filter containing the amplified Hi30
subtraction product from library clones Hi30L1, Hi30L2, Hi30L3 and
Hi30L4. Arrows indicate the position of the Hi30 subtraction product
(Hi30) and the cloning vector (CV).

Figure 4.6. 109
(A) PCR analysis of amplified DNA flanking sequence (Hi30RB)
adjacent to subtraction product Hi30 subtraction product. Lane M
represents a 100 bp DNA marker. (B) Cloned Hi30RB amplification

product excision from the cloning vector pMOSBIue after digestion
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with restriction enzymes Hindlll and BamHI to release the cloned
insert. Insert separation on an 1.5 % TAE agarose gel and staining
with ethidium bromide to visualise DNA. Lane M represents a 100 bp
DNA marker.

Figure 4.7. 110

PCR amplification of genomic target DNAs with primers Hi30R and
H30H30 where the genomic DNA template derived from genetically
modified (T) and non-modified (NT) tobacco plant. Amplified products
were digested with Hindlll and then separated on an agarose gel and
stained with ethidium bromide. NTCut = amplified non-modified DNA
digested with Hindlll and TCut = amplified genetically modified DNA
digested with Hindlll. Lane M represents a 100 bp marker.

Figure 5.1. 123
PCR amplification of genomic target DNAs with primers designed for
subtraction product Hi30. (A) PCR amplification with genomic template
DNA derived from tobacco cultivar ‘Samsun/San1191’ (San 1-3). Lane
M represents a 100 bp marker. (B) PCR products after 60 ampilification
cycles with genomic template DNA of tobacco plants (‘Samsun/UK")
derived from a Agrobacterium transformation process without a
transgene insert (T-C1 to T-C4), from genetically modified tobacco
plants carrying the OC-/ transgene (T1-T4) and non-modified wild-type
tobacco plants (NT1 to NT4). (C) Genetically modified tobacco plants
(‘Samsun/UK") containing the gus gene insert (G1 to G4). Lane M

represents a 100 bp marker. Arrows indicate the amplified products.
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Figure 5.2. 124
Electropherogram from direct sequencing of DNA template derived
from tobacco cultivar ‘Samsun/UK’ (NT1) showing the end of the DNA
fragment when sequenced from the one side. Black arrow indicates
the decrease in peak heights. Grey arrows indicate Hi30L primer site.
A similar electropherogram was also seen for DNA template derived
from tobacco cultivar ‘Samsun/San1191° (San3).

Figure 5.3. 125
Electropherogram from direct sequencing of DNA template derived
from tobacco cultivar ‘Samsun/UK’ (NT1) showing the end of the DNA
fragment when sequenced from the opposite side compared to the
sequence in Figure 5.2. Black arrow indicates the decrease in peak
heights.  Grey arrows indicate Hi30L primer site. A similar
electropherogram was also seen for DNA template derived from

tobacco cultivar ‘Samsun/San1191’ (San3).

Figure 5.4. 126
Alignment of DNA regions amplified by PCR with primers Hi30R and
Hi30L using tobacco genomic DNA from different tobacco plants as
template. Hi30 represents the sequence of the original Hi30
subtraction product isolated from genetically modified plants.
Sequence data shown are from the 200 bp amplification product from
transformed tobacco (‘Samsun/UK’) without a gene insert (T-C1 and T-
C2); tobacco cultivar ‘Samsun/San1191’ (San2 and San3); NT1 and
NT2 sequence data from non-modified wild-type tobacco DNA; 300 bp
amplified product using ‘Samsun/San11917" (San3B) and wild-type
tobacco ‘Samsun/UK’ (NT1B) DNA as template. Underline areas
indicated Hi30L and Hi30R primers, Gap=(-), Identical base pairs
aligned with Hi30=(.).
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Figure 5.5. 128
PCR amplification of genomic target DNAs with primers designed for
flanking sequence of the Hi30 subtraction product. PCR amplification
with genomic template DNA derived from tobacco cultivar ‘Samsun/UK’
(NT1-3), with NT1 representing the original non-modified tobacco plant
used in the RDA procedure, genetically modified tobacco plants
carrying the OC-/ transgene (T1 and T2), from an Agrobacterium
transformation process but without a transgene insert (T-C1 and T-C2),
from genetically modified tobacco plants (‘Samsun/UK’) containing the
gus gene insert (G1 and G2) and from tobacco cultivar
‘Samsun/San1191’ (San1 and San2). Lane M represents molecular

weight marker VI.

Figure 5.6. 131
Electropherogram from sequencing of DNA template derived from a
genetically modified tobacco plant (‘Samsun/UK’) containing the gus

gene insert (G1). Arrow indicate an example of a double peak.

Figure 5.7. 131
Electropherogram from sequencing of DNA template derived from a
genetically modified tobacco plant (‘Samsun/UK") containing the gus

gene insert (G2). Arrow indicate an example of a double peak.

Figure 5.8. 134
Sequence alignment of original Hi30 flanking sequence with PCR
products amplified with primers Hi30R and H30H30 using tobacco
genomic DNA derived from different tobacco plants as template DNA.
(A) Original flanking sequence DNA derived from amplification of
genetically modified tobacco genomic DNA with primers H30R2 and
Primer3 (Table 5.2). (Hi30R) DNA sequence of the Hi30 subtraction
product in the reverse orientation. (Hi30A and Hi30B) DNA sequence
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of the Hi30 subtraction product aligned at different locations with the
original flanking sequence represented in A. (T-C1 and T-C2) Tobacco
plants (‘Samsun/UK"), which went through a transformation process
but not carrying a transgene. (NT2 and NT3) Genomic DNA-derived
from non-modified wild-type individual tobacco plants of cultivar
‘Samsun/UK’. (T1 and T2) Amplification of genomic target DNA
derived from genetically modified tobacco plants (‘Samsun/UK’)
carrying the OC-l coding sequence. (San1 and San2) DNA from non-
modified tobacco cultivar ‘Samsun/San1191’. (NT1) Genomic DNA-
derived from the non-modified wild-type individual tobacco plant used
in the RDA procedure. Primer 3 used in the amplification of the
original flanking sequence (A) are underlined as well as the Hi30R
and H30H30 primer sequences, Gap=(-), |dentical base pairs aligned
with A=(.).

Figure 5.9. 136
Amplification of genomic target DNA using PCR with primers designed
for Hp12 with a single base pair change as identified in subtraction
product Hp12. (A) DNA amplification with genomic DNA-derived from
either non-modified wild-type individual tobacco plants of cultivar
‘Samsun/UK' (NT1 to NT4) (NT1 represents the original wild-type DNA
used in the RDA procedure) and genetically modified tobacco plants
(‘Samsun/UK’) containing a gus transgene (G1 to G3) as template.
Lane M represents a 100 bp marker. (B) Amplification of genomic
target DNA derived from genetically modified tobacco plants
(‘Samsun/UK’) carrying the OC-/ coding sequence (T1 to T4); tobacco
plants (‘Samsun/UK’), which went through a transformation process
but not carrying a transgene (T-C1 to T-C4) and DNA from tobacco
cultivar ‘Samsun/San1191’ (San1-4). Lane M represents a 100 bp
marker.
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Figure 5.10. 137
Sequence alignment of PCR amplification products with primers
Hp12A and Hp12B and tobacco genomic DNA from different tobacco
plants as template. Sequence data of tobacco chloroplast genome
obtained from Blast search (CHL), Hp12 RDA subtraction product
(Hp12), genomic DNA from genetically modified plants carrying a OC-I
transgene (T1, T2 and T3); DNA from transformed plants without a
transgene insert (T-C1, T-C2 and T-C3); genomic DNA from
genetically modified tobacco plants carrying a gus transgene (G1 and
G2); genomic DNA from wild-type tobacco ‘Samsun/ San1191’ (San1,
San3 and San4) and ‘Samsun/UK’ (NT1). Hp12A and Hp12B
primer sequences are underlined, Gap=(-). Identical base pairs

aligned with the known tobacco chloroplast genome (CHL)=(.).

Figure 5.11. 138
(A) Genomic BamHI-digested DNA after separation on an agarose gel
and stained with ethidium bromide from non-modified wild-type
‘Samsun/UK’ plants (NT1 and NT2). NT1 represents the original non-
modified tobacco plant DNA used in the RDA procedure; genetically
modified plant DNA carrying and expressing a OC-/ transgene (T);
DNA from a transformed plant without a transgene insert but derived
from a transformation process (T-C); genomic DNA from genetically
modified tobacco plants carrying a gus transgene (G); genomic DNA
from wild-type tobacco ‘Samsun/ San1191’ (San). Lane M represent a
100 bp marker. (B) Hybridization of a conserved total rDNA repeat unit
probe to a filter containing BamHI-digested genomic DNA from

genetically modified and non-modified plants as outlined under A.
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Table 5.2. 127
Sequences of primers used for the PCR analysis of Hi30 flanking
sequences.

Table 5.3. 129

Numerous PCR products amplified by using the primers Hi30R and
H30H30, designed from the Hi30 subtraction product and the adjacent
flanking sequence. PCR amplification with genomic template DNA
derived from tobacco plants as outlined in Figure 5.5. The intensity of
the amplified PCR products were considered as weak or strong when
compared to the PCR band amplified in NT1.

Table 5.4. 135
Sequences of primers used for the PCR analysis of chloroplastic
tobacco DNAs. Underlined base pairs indicate the base pair change
present in the Hp12 subtraction product when compared to the know

tobacco chloroplast sequence.
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