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1. Abstract

The aim of the project was to produce a database of the DNA fingerprints of alarge
variety of native and naturalised British tree species. Various techniques and
procedures were used to set up the database. Leaves from a large range of different
species of tree were collected from the local area and preserved by drying on silica
gel. DNA was then extracted from each sample. Using PCR (polymerase chain
reaction) a short fragment of DNA from the chloroplast genome was amplified. Next,
the DNA fragments were cut up into smaller lengths by incubation with restriction
enzymes. These short fragments were then visualised by polyacrylamide gel
electrophoresis (PAGE), which separates fragments out according to their size (length
of DNA sequence). By staining the PAGE gel with a DNA-binding dye and
illumination under UV light, the fragment patterns can be seen and photographed as a
gel image. Interspecific differences, due to differences in DNA fragment length and
sequence between species, can then be taken from the gel image. Once each sample
had been fingerprinted, each of the digested fragments from the gel image was sized,
to create a database for species identification.



2. Introduction

Background Information

In Britain, there is a huge variety of tree species growing naturally and being
cultivated. Not only are there 63 native species and over 22 naturalized species
(Johnson & More, 2005), there are many hybrids and varieties growing across Britain.
In Europe, there exists over 6000 species of tree.

Every living thing has DNA initscells. In plants, DNA exists primarily in the nucleus
of cells but aso in the mitochondria and chloroplasts (the organelles) of plant cells. In
this project, the target was the chloroplast DNA molecule ((;DNA).

DNA is a unique code made of 4 possible bases. Guanine, Thymine, Adenine and
Cytosine (GTAC). The DNA molecule is a double stranded helix with each strand
containing thousands of bases: each base on a strand matches a complementary base
on the other strand (Guanine always pairs with Cytosine, and Adenine always pairs
with Thymine: known as base pairs). In any species, bases occur in a unique order and
this is the sequence referred to in this report. Most trees within a species will have
very similar codes with long stretches of identical base pairing because the sequence
ultimately leads to protein synthesis and the specific proteins which are produced
depend on the order of the bases. So individual trees within a specieswill have similar
proteins synthesised and therefore have a ssimilar DNA sequence. However, due to
random mutations, every individua tree will have dight differences in its DNA
sequence, usually just 4 or 5 different bases out of a hundred. Between species, there
is alot more genetic variation. The analysis of this genetic diversity and determining
how similarities and differences in DNA sequences reveal relatedness is the central
focus of many biological scientists. There are numerous techniques now that alow us
to sequence DNA and find variations and similarities. A great deal of effort has been
made in recent years to sequence DNA and discover more and more about genetics
interspecificaly (between species) and intraspecifically (within species), and the
complete genomes of many organisms have now been sequenced. Therefore the range
of information available to scientistsis vast and growing.

Aims

The project aims to:

Use chloroplast DNA to produce afingerprint for important UK tree species
Produce a database of the fingerprints of these species

Be able to use the database to identify unknown species

Ensure each fingerprint is unique and distinguishable from others



Applications

The database which was produced can be used for various things. Trees in urban
environments can sometimes be pests. Roots can damage the foundation of housing
and trees may need to be cut down to avoid collapsing of foundations, but how can
you know which tree is the problem? A sample would be taken of the root in question
and after following the process of DNA fingerprinting and coming up with a gel
image of the fragments, the database produced in this project will tell you what
species of tree the root in question comes from. It can then be cut down safely. The
other side to that is if someone owns a tree privately and wants to prove it is not a
problem to avoid losing it. Also, in the case where a branch falls off atree and causes
damage, the tree responsible may have to be identified to assign liability for the
insurance claim. The database could provide a match to which tree the branch fell
from.

Other applications include police forensics. For example, if acrimina is being traced
and there are pollen grains on his clothes or skin, the DNA from these can be
extracted and fingerprinted. Then, using the database, the particular species the pollen
came from can be identified. This is sound proof that the criminal has been in a
particular flowerbed or under a specific tree. This could help in identifying for
example, who broke entry into the house with the pollinating Lawson cypress hedge
along its perimeter.

There will never be 100% proof with DNA fingerprinting as, even within a species,
there can be variation in DNA sequence and it could be hard to find a match. Also, the
tree in question could be some kind of hybrid variant and not match up to anything on
the database. However, the closest match can be identified and then you would know
what you're looking for, for example, a variant of white willow will still have many
characteristics of the white willow itself. Normally, this level of proof is sufficient to
resolve most problems in a professional way. As the process is a quick and easy way
to sequence a tree’'s DNA and the database has been focussed on the species which
most often cause problems, it can be useful in awide range of cases.



3. Methodology

3.1 DNA Sampling

A large range of species and a number of samples per species were required to be
sampled so young leaves were collected from a variety of species.

Samples were taken from various points around the CEH building and Bush Estate
and from local botanical gardens in Edinburgh. Trees which were sampled were
ideally spread around randomly and when repeats were done, the samples were not
taken from the same tree.

It is quite important that the leaves taken are young because they contain more cells
per weight and contain less polysaccharides and polyphenolics than older leaves
which build up these chemicals over time. These chemicals can interfere with the
extraction process and make things difficult so it is a lot easier to try to collect as
young leaves as possible. Once each leaf had been taken, it was placed immediately
into a sealed plastic bag containing silica gel to dry it out (see Figure 1). This
preserves the DNA and stops the leaf from degrading too much. Once a set of samples
had been collected, they were taken out of the silica gel and cut using a scalpel into
small squares. They were then weighed using a precise balance. The weighed sample
was then placed into a mortar along with a small amount of sand. A pestle was used to
grind it up until it consisted of a very fine powder (see Figure 2). This powder was
then placed carefully by use of folded filter paper into a plastic eppendorf tube (see
Figure 3) and stored immediately in the freezer. This is once again to avoid
degradation and preserve the DNA.

Figure 1. Sample bag containing Figure 2. Mortar and pestle
silicagel

Figure 3. Plastic eppendorf tube



3.2 DNA Extraction

A kit called a DNeasy Plant Mini Kit (QIAGEN) was used for the extraction process.
This process gets rid of all of the plant material except the target DNA molecules. A
detailed protocol for the extraction is given below - the kit includes all of the buffers
referred to. (Buffer AP1 had formed a precipitate whilst in storage. After warming in
the oven on a gentle shaker at 65°C the precipitate was dissolved.) The powdered
samples were taken out of the freezer and the extraction process started as follows:

(QIAGEN, 2004) Figure 4. DNA Extraction

400ul of Buffer AP1 was added to each sample along with 4yl of
RNase. The mixtures were vortexed to avoid clumps of plant tissue
accumulating. Clumped tissue would not lyse (break up) properly DNeasy Plant Procedure
so would therefore have reduced the amount of DNA yielded. The
mixtures were placed in the oven at 65°C and left for 30 minutes.

They were in a large cylinder which rotated gently so continually Pl St

inverted the mixtures. The Buffer AP1 lyses the cells and then l

RNase works to digest unwanted RNA. The mixtures were at this

point called lysates. = o
130ul of Buffer AP2 was added to the lysates, mixed and then put into the E preciplicte

freezer for 5 minutes. This precipitated out unwanted materials like proteins.

As an extra precipitation step, the lysates were centrifuged (see Figure 5) at l

14,000rpm for 5 minutes. Once finished, there was a layer of unwanted X

material sitting at the bottom of the eppendorf - the precipitate (Figure 4, Eﬂ Cenhifuge

stage 1). Using a pipette the supernatants of the lysates (the liquid on top) |7 through 2
were transferred to QI Ashredder spin columnsin 2ml collection tubes. These =] Silahrickiee
were centrifuged at 14,000rpm for 2 minutes (Figure 4, stage 2). The

liquid which passed through into the collection tubes was then transferred l

into eppendorf tubes. Approximately 450l was recovered per sample here. =

675ul of Buffer AP3/E was added to each sample. This was worked out as [j Add ethanol 3
1.5 volumes of the lysate which was recovered (450ul). Using a pipette, the

Buffer was mixed into each sample as it was added (Figur e 4, stage 3). 650 l

pl of each mixture was put into a DNeasy mini spin column in a 2ml

collection tube. This was centrifuged at 8000rpm for 1 minute. The flow- ;

through in the collection tube was discarded and the tube put back onto the ﬁ Sy
DNeasy column. The remaining sample from the eppendorf tubes were put 7 4
into the spin columns and centrifuged at 8000rpm for 1 minute again. The S

collection tubes were discarded with the flow-through. The spin columns

were put onto new collection tubes. The DNA had now bound onto the ‘r

DNeasy column membrane (Figur e 4, stage 4). =

500ul of Buffer AW was put onto each DNeasy column and centrifuged at F e s

8000rpm for 1 minute. The flow-through was discarded and collection tubes

re-used. Another 500ul of Buffer AW was put onto each spin column and

this time centrifuged at 14,000rpm for 2 minutes. This washed the membrane T
(Figure 4, stage 5) and the longer centrifugation dried out the membrane to e
avoid residual ethanol being present since this would have interfered with the &3~
next step.



The DNeasy columns were placed into eppendorf tubes and 100ul of Buffer AE was pipetted
onto each one. They were left to incubate at room temperature for 5 minutes and then
centrifuged at 8000rpm for 1 minute. This eluted the DNA so it was present in the eluates in
the eppendorf tubes (Figure 4, stage 6). Another 100ul of Buffer AE was added to the
DNeasy column and left to incubate for 5 minutes then centrifuged at 8000rpm for 1 minute.
The elution was then complete. The DNeasy columns were disposed of. The DNA was then
extracted and ready for the next step.

To check that DNA was present at this point, an agarose gel was prepared. 5ul of each sample
was mixed with 2l of loading buffer and put into the wells of the gel. An electric current was
run through the gel for 30 minutes (see Figure 6). Thisis called electrophoresis: the process
works because DNA molecules are charged and move toward one electrode when the current
is applied. As molecules of different sizes have different mobilities in the gel, molecules will
separate out (travel different distances across the gel) according to size (see Figure 7). The
gel contained ethidium bromide which binds to DNA and, once bound, fluoresces under UV
light, making fragments visible. Therefore, once the electrophoresis was complete, the gel
was scanned in a UV scanner and a picture taken. This showed that DNA was present in the
samples.

| .
Figure5. Centrifuge — tubes go into the Figure 6. Electrophoresis on an agarose gel.
circular middle section and are spun at high
speeds.




3.3PCR

PCR (polymerase chain reaction) was used to amplify (make copies of) specific
regions of the DNA which was extracted from the leaves. It is a cyclical process
which involves repeated denaturing (breaking apart of DNA strands a high
temperature) and copying of short regions of DNA code. The region to be copied is
identified by using two short ‘primer’ sequences which bind (anneal) to specific sites
on the DNA molecule corresponding to their own sequence: the two primers bind at
either end of the target DNA region. The new copies of DNA are then made by a
DNA synthesis enzyme known as Taq polymerase. As it is repetitive, the PCR
process is programmable and run by a computer. The machine which does the PCR is
caled a thermal cycler. Before PCR was started, a mix of chemicals needed to be
made. The chemicalsinvolved are:

Water

10x Buffer

Two oligonucleotide primers

dNTPs (deoxynucleotides: N =G, A, T or C)
Tag (thermostable DNA polymerase)

The DNA extracts

The buffer includes salts and is present to keep the pH of the reaction stable and allow

the enzyme to function. The primers anneal to the DNA at opposite ends, working in
opposite directions. The primers used were TFcFor and TGeRev (see Table 1).

Table 1. Primer names and sequences for amplification of trnL region of cpDNA.

Primer name Location Seguence Annedling Reference
temp. / °C
TFcFor trnL (UAA) -5 exon CGAAATCGGTAGACGCTACG Taberlet et al.
57 (1991)
TGrRev trnL (UAA) -3 exon GGGGATAGAGGGACTTGAAC

2ul of each DNA sample was put into awell in a sample plate. A mastermix of al of
the chemicals required was then made up. This was calculated to allow 25l to be put
into each well, including the DNA. All measurements per sample were the same,
16.3ul water, 2.5ul 10x Buffer, 1.5ul each primer, 1ul dNTPs and 0.2ul Tag.
According to how many samples needed PCR, these figures were multiplied by the
number of samples plus 2 to allow for measurement errors. This avoided pipetting
very small volumes and minimised the possible measurement errors. Once the
mastermix was made up and the DNA was in the wells ready, the mastermix was
divided out putting 23l into each well with the 2ul DNA sample. The plate was then
sealed using sticky foil (see Figure 9) and placed onto the PCR machine and the
programme started.



In PCR, the DNA was first subjected to a very high temperature: 94°C. This denatured
the DNA so that it divided into 2 strands. This lasted for 3 minutes then it entered the
cyclica phase. This involved the denaturing at 94°C for 1 minute followed by 1
minute at 57°C which was when the primers annealed to the DNA (stuck to it). 2
minutes of 72°C followed this and was called the extension phase, when dNTPs were
used by the Tag enzyme to build up the DNA fragment. After this, the DNA had been
copied and was back to a double stranded molecule. This was when the cycle began
again with denaturing. For the samples in this project, PCR was optimal when it
cycled 40 times. After these 40 cycles there was afinal extension phase of 72°C for 10
minutes, to complete any remaining partial DNA fragments, followed by incubation at
4°C to preserve the PCR products, which was maintained until the PCR machine was
switched off and the samples recovered.

The whole process took around 4 hours to compl ete.

Once DNA amplification was complete, an agarose gel was made up and as before,
5ul of each sample was mixed with 2ul of loading buffer and put into the wells of the
gel. Once the electrophoresis was complete, the gel was scanned in a UV scanner and
a picture taken. This checked how well the PCR had worked and what size the
fragments at this stage were.

Target sequence

Original DNA E C'i‘

3é

Figure 8. (Weising et al., 1995)
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|
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'
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3.4 Digestion

After the DNA had been amplified and a gel image taken, they needed to be digested.
This cut the fragment of DNA in specific places. On average, 4 fragments per sample
were found after the digestion, so 3 cuts had been made.

For the digestion process, a mastermix of chemicals needed to be prepared. This
consisted of:

12.6ul Water
2ul 10x Buffer
0.4l Enzyme

The enzyme used was one caled Hinfl, which cuts DNA when it finds the 4 base

sequence:
Cut

l

GANTC
CTNAG

Cut

Different enzymes recognise different sequences which determine the points at which
the cuts are made, so by using a different enzyme, a very different result would have
been achieved. The approach of using different enzymes also allows different parts of
the fragment to be investigated.

Once the mastermix was prepared, 5ul of each DNA sample from the PCR was put
into a well and then 15ul of the mastermix was added. The wells were sealed with
sticky foil and put onto the PCR machine to be incubated. The PCR machine was
programmed to heat the samplesto 37°C for 5 hours. After this time, the samples were
all fully digested and ready for the next step.

11



Digestion

PCR — by enzyme /
> _—
- T
CpDNA extract Amplified fragments Fragment is cut twice

When visualised on polyacrylamide gel (PAGE), the fingerprint may have looked like:

Ladder
|
¢ There are three bands representing
— / the three fragments produced by

N / digestion.

Figure 10. Graphical representation of fingerprinting processes. The top half shows a
fragment of cpDNA being amplified by PCR then cut up by digestion. The bottom
half shows the digested fragments being visualised by PAGE and compared to a DNA
ladder which consists of known sizes of fragments.

12



3.5 PAGE

PAGE (polyacrylamide gel electrophoresis) was the final stage in the DNA
fingerprinting process. It allowed the DNA fragments to be separated and visualized
then accurately sized and compared to be stored in a database for future use.

First, the gel rig needed to be prepared. This involved sandwiching two glass plates
together and clamping them together. A tiny gap of a few millimetres was left for the
gel to go into. Masking tape was used to seal the bottom end of the rig and Vaseline
covered the corners of the masking tape to reduce the chances of leakage occurring. A
comb was then put into the top of the gel rig to form sample wells. This needed to be
repeated with a second rig. Once the rigs were set up cams were used to tighten them
into the holder and the gel solution could be prepared. This had to be done in a fume
cupboard because acrylamide and TEMED (two of the constituents of polyacrylamide
gel) are toxic substances. Once they are in a gel and the acrylamide has polymerised,
they are alot safer to handle.

52.5ml of deionised water was measured out in a measuring cylinder and put into a
beaker. 15ml of 40% acrylamide solution was measured then added to this. 7.5ml of
10x TBE Buffer was measured using a pipette and added to the beaker. 60ul of
TEMED was pipetted into the beaker then 400pl of 10% APS. The TEMED and APS
are catalysts which polymerise the acrylamide. The beaker was mixed briefly by
pouring into the measuring cylinder then back into the beaker twice. A small pipette
tip was then placed into the gap in the gel rig between the glass plates. Carefully, the
mixture was poured into the pipette tip and filled the gel rig (see Figure 11). Thiswas
repeated for the second gel. Once filled, they needed to be checked regularly and if
leakage occurred, APS was put onto the leak to polymerise it and the gel was topped
up. As the gel polymerised and set, a pattern (known as a “Schlieren” pattern) could
be seen around the teeth of the combs. After just over an hour, the gel was set.

The combs were then removed and the wells washed twice with deionised water, then
twice with 1x TBE Buffer which was left in the wells the second time ready for
loading. The samples were then mixed with a small amount of loading buffer and
loaded into the wells. Three 100bp DNA sizing standards (ladders) were also put into
the wells, one at each end and one in the middle. The upper part of the rig was put
onto the two gels and clamped into place with the cams. This was then filled with 1x
TBE Buffer until it covered the electrode. The whole assembly was then put into the
electrophoresis unit (see Figure 12) which was also filled with 1x TBE Buffer up to a
marked level. The lid was put in place and the electrophoresis ran for 2 hours at 300V
and 90mA.

Once the electrophoresis was finished it was stopped and the gels were removed from
the rig. Two water baths were set up, one with deionised water to rinse the gels and
the other with deionised water and 200l of ethidium bromide to bind to the DNA
fragments so that they fluoresced on the UV scanner. The gels were each carefully
removed from the glass plates and put into the ethidium bromide bath for 5 minutes
then in the pure water for 2 minutes to rinse off any excess ethidium bromide. They
were then placed individually onto the UV scanner screen and an image taken of each.
Gels were then disposed of into the toxic waste bin and the scanner screen wiped
down with 70% ethanol.

13



The fragments could then be sized from the 100bp ladder and a database produced
with the sizing of each fragment.

Figure 12. Unit into which the gel rigs are placed

14



4. Results

4.1 DNA Sampling

The samples were taken from various families:

Common Name | Scientific Name Common Name | Scientific Name Common Name | Scientific Name

Oak Quercus Lime Tilia Service Trees Sorbus
Maple Acer Cypress Chamaecyparis Whitebeam Sorbus
Ash Fraxinus Horse Chestnut Aesculus Rowan Sorbus
Willow Salix Chestnut Castanea Walnut Juglans

Prunus Prunus Southern Beech Nothofagus Hawthorn Crataegus
Poplar Populus Beech Fagus Elm Ulmus
Hazel Corylus

A variety of different species from each family was collected in 4 sets as follows:

Date/set/location | No. Common Name Scientific Name
1 English Oak Quercus robur
24-Jul 2 Norway Maple Acer platanoides
Sample 3 Common Ash Fraxinus excelsior
Set 4 Goat Willow Salix caprea
1 5  Wild Cherry Prunus avium
Bush Estate 6  White Poplar Populus alba
7 Common Lime Tilia x europaea
Date/set/location | No. Common Name Scientific Name
1 Chestnut variant
2 Common Rowan Sorbus aucuparia
3 Sycamore Acer pseudoplatanus
4 Common Hawthorn Crataegus monogyna
5 Common Walnut Juglans regia
6 Common Beech Fagus sylvatica
7 White Willow variant Salix alba
27-Jul 8  Turkey Oak Quercus cerris
Sample 9  Red Oak Quercus rubra
Set 10  Horse Chestnut Aesculus hippocastanum
2 11 Sweet Chestnut Castanea sativa
Bush Estate 12 Common Whitebeam Sorbus aria
13 Wild Service Sorbus torminalis
14  Lawson Cypress Chamaecyparis lawsoniana
15  Lawson Cypress Chamaecyparis lawsoniana
16  Lawson Cypress Chamaecyparis lawsoniana
17  Cypress Hybrids
18  Cypress Hybrids
19  Cypress Hybrids
Date/set/location | No. Common Name Scientific Name
03-Aug 1  Red Oak Quercus rubra
Sample 2 Sessile Oak Quercus petraea 'Mespilifolia’
Set 3 Pyrenean Oak Quercus pyrenaica
3 4 English Oak Quercus robur
RBGE 5  Turkey Oak Quercus cetris
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Date/set/location | No. Common Name Scientific Name
6 Hungarian Oak Quercus frainetto
7 Black Oak Quercus velutina
8 Downy Oak Quercus pubescens
9 Caucasian Oak Quercus macranthera
10 Hybrid Oak Quercus x rosacea (petraea x robur)
11 Lebanon Oak Quercus libani
12 Heldreich's Maple Acer heldreichii
13 Grey Snake-bark Maple Acer rufinerve
14  Sycamore Acer pseudoplatanus
15  Norway Maple Acer platanoides
16  Wild Black Poplar Populus nigra ssp. Betulifolia
17 Scarlet Oak Quercus coccinea
18  Silver Maple Acer saccharinum
03-Aug 19  Sugar Maple Acer saccharum
Sample 20  Oregon Maple Acer macrophyllum
Set 21  Field Maple Acer campestre
3 22 Manna Ash Fraxinus ornus
RBGE 23 White Poplar Populus Alba
24 Holm Oak Quercus ilex
25 Pin Oak Quercus palustris
26 Ubame oak Quercus phillyreoides
27  Pere David's Maple Acer davidii
28  Red Ash Fraxinus pennsylvanica
29  Black Cherry Prunus serotina
30  Montpelier Maple Acer monspessulanum
31  Columnar English oak Quercus robur 'Fastigiata'
32 Korean oak Quercus glandulifera
33  Vallonea Oak Quercus macrolepis
34  Sessile Oak Quercus petraea
35  Chinese Cork Oak Quercus variabilis
36  Sawthorn oak Quercus serrata
37  California Black Oak Quercus kelloggi
38  Japenese Chestnut Oak Quercus acutissima
39  Hybrid Oak Quercus x hickelii (pontica x robur)
40  Lime-leaved Maple Acer distylum
Date/set/location | No. Common Name Scientific Name
1 Goat Willow Salix caprea
2 Wych Elm Ulmus glabra
3 Common Ash Fraxinus excelsior
04-Aug 4 Common Hazel Corylus avellana
Sample 5 Common Beech Fagus sylvatica
Set 6 Common Hawthorn Crataegus monogyna
4 7 Horse Chestnut Aesculus hippocastanum
Bush Estate 8  Copper Beech Fagus sylvatica var. purpurea
9 Swedish Whitebeam Sorbus intermedia
10  Common Lime Tilia x europaea
11 Wild Cherry Prunus avium
12 Plum Prunus domestica
13 Rauli Nothofagus procera
14  Roble Beech Nothofagus obliqua
15  Antarctic Beech Nothofagus antarctica

16



4.2 DNA Extraction

SS1

This is the extractions from sample
set 1. All samples had DNA present.
Streaking indicated that the samples

had begun to degrade.

SS2

These are the sample set 2
extractions. Some of the
samples had very weak
levels of DNA present.
Number 7 had no DNA
present. 6 and 10 were very
weak. Again, streaking
shows degradation.

SS3

This is sample set 3
extractions. All  samples
show DNA  presence.
Samples 15, 34 and 36 are a
bit weak but still present.
This will improve on
amplification.

laddr 1 2 3 4 5




SA

In sample set 4 all
samples have DNA
present. Sample 9 is
particularly weak but
still visible.

Out of these 81 samples, only 1 did not show any sign of DNA being present. This
could have been due to an error in the extraction process.

18



4.3 PCR

SS]_ Ladder 1 2 3 4 5 6 7 water
After PCR on sample set 1 the -
DNA only showed up on samples
3, 4, 6 and 7. Made up diluted
DNA from the samples which did
not work then repeated a PCR on
them. Already, variation can be
clearly seen between samples 3 and
4.

tu
LT REE T

. . Ladder 1lneat 11:10 11:20 2neat 21:10 21:20 5neat 51:10 51:20 3neat water 1+BSA 2+BSA 5+BSA
SS1 dilutions

PCR  worked
this time for
each sample on , ﬂ _ . .
a 1:10 dilution ™
so used these | ™ H“H e -
samples for the
digestion.

ﬁ iy 2 3 4 5. 6 7 8 9 Na 11 J2 g3} M4 45 16 A7 48
Sample 7 did not

work at al. The rest

despite some weak

ones did work. On . P

close inspection

sample 1 does have
afaint band present.

19 ladder
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SS31-30

Some samples did not
work a al. These
ones were repeated
with diluted extracts.
The samples which
dd work  here,
showed up strongly.

SS3 Dilutions

These all worked very
well and were used
for the digestion.

SS3 30-40

All  samples showed
clearly and strongly on
this gel. These were all
diluted on a 1:10 ratio
to try to optimise the
PCR. The  100%
success rate proved that
this worked well.

SA
All  samples again
showed up clearly and
strongly. These were
al diluted on a 1:10
ratio.

2
Q

ST

ot
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4.4 PAGE

Ladder 14 15 16 5 17_I.dderJ.8'19 1 4 5 Ladd

Figure 13. Samplesets 1 & 2

This shows that each sample has successfully been digested with usually 4 or 5 bands
present. Samples 1, 8 and 9 have very similar sizes - they are al Oaks so this
indicated that Oak diversity needed to be investigated further.

Figure 14. Sample set 3.

This shows that most samples have successfully digested. The problems evident in
SS3 PCR carried on and showed in the PAGE. The first Gel samples are al Oak
species and most have extremely similar sized fragments. Sample 26 has a different
fingerprint compared to the other Oaks. However, there is a clear Oak fingerprint
present. In the second gel all samples worked. The fingerprints between the first and
second set of DNA ladders are al Maple species. Excluding sample 19, aclear Maple
fingerprint is evident. Samples 16 and 23 are both Poplars and show the fingerprint
for Poplar trees. Samples 22 and 28 are both Ashes and show an Ash fingerprint.
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Figure 15. Sample set 4

All samples here showed their
fragment sizes clearly. The digest
was successful for every sample.
Samples 13, 14 and 15 have similar
sizes; they are all Southern Beech
trees. Samples 5 and 8 are both
Beech trees so are also similar in
fragment sizes to each other.

Ladder1 2 3 4 S5p%8¢ 16
—

(L

9 10 11 12 13 14 15 Ladder

H [ = =
\_.-H“

[

M

These gel images were put onto a program on a computer caled Gene ImaglR. This
program is used to size each sample’'s fragments. Each one was recorded and a

database built up.

22




4.5 Database

The database was produced in Microsoft Excel. It lists each species fingerprinted with
its fragment sizes in order so that the most similar ones are consecutive.

Figure 16. Database of fingerprints

B C ] E F G H | J K LM M
Genus Species Scientific Mame FCH Band Length | Digest na. frags Sizesz Total
Cypress Lawson Cypress T A R 390 2 134 175 oot
Ches=tnut Chestnut variank - 1] 3 1ra a4 ER 3T
Mlaple Iontpelier Maple A TR ST hg2 3 228 03 a0 413
Mlaple Silwer Maple A SareS STy EZE 3 228 JLUL I ] 4128
Olak. Ubarme oak. CALAE L Sl ET0 3 227 107 | 95 429
Mlaple Fere David's Maple Aemer Faial ET3 3 228 128 173 f95
Cypress Cypres= Hybrid= - B0 3 283 1BE | 105 AR3
walnuk Commion W alnut il regqes ETH 4 159 LU 1] B 4032
Mlaple Sycamore AN TS ST EES-E85 4 213 1 | 104 95 hz29
Mlaple Oregon Maple Aener mracroretdbary 1] 4 225 LI (%] 95 b33
Mlaple Lime-leaved Maple M ety AE0 4 225 M 10e | 94 H3E
Mlaple Field Maple e ST EE4 4 229 o W0s 98 540
Mlaple Sugar Maple e ey e E10 5 152 1o | 106 96 E4 hz23
BEeech R auli AT RGOS 4395 1] 157 03 86 EE 36 457
Beech Roble Beech Arthefaqur cdligus A28 ] 160 o5 | &7 EE 36 463
Beech Antarctic Beech At ambaneiing hiag 7] 1EE 04 100 B0 35 465
Sorbus wild Service i Aol B35 7] 187 153 101 24 48 A4
Olak. Kiorean oak, CAE s apsmatilifer s A64 5 139 43 93 54 38 hz29
Olak. Chinesze Cork. Oak LA Mttt AEY ] 190 150 93 1) o] A3z
Olak, Sessile Dak, LA eSS AE1 7] Ll 152 100 54 38 jaela)
Olak. Wallonea Oak LU L SRS AE2 5 132 143 | 100 53 38 A3
Sorbus Commoan Whitebeam S S Ea0 7] 132 164 103 23 a1 R0
Frunus Flum ST TS AET ] 193 LY 44 4 LD
Olak, Columnar English aak [ L e e T e N hag 7] 193 154 102 54 e} A4z
Olak. Japeneze Chestnut Oak, LA ST it 5 134 155 | 103 bE 40 f43
Sorbus Common Fowan ST SRS 32131 5 134 164 | 104 94 52 EO3
Oak. Claweny D1ak, I g e f40 1] 195 154 103 &Y 4 RA0O
Dk Hybrid Oak G Ao el et o BE2 1 195 194 103 BE e 047
DOlak FRed Dak CRAETELE s BE3-650 1] 195 156 104 &3 42 A54
Ches=tnut Sweet Chestnut Rt SmES S ETH 7] 136 154 104 A7 42 AR2
Olak. Holm Oak LA Sy B4z ] 196 154 02 B0 o] A4
Dk Sawthorn oak CRAEIOUS SET St BEY 1 196 194 101 2] e G544
DOlak Fin Dak LT e ESE 1] 196 156 103 BG 40 B&0
DOlak California Black Oak e & elimpa’ st 1] 137 154 102 &S o] A47
Oak. Hybrid O ak. LA B O S0E S (et Ses 2oy E2R 1] 197 156 109 &R 40 AAE
Clak, Scarlet Dak EALE LT e S Ed41 ] 197 166 103 BE 40 Bh1
Sorbus Swedizh Whitebeam i denTeE A7T 7] 132 B3 105 a4 44 E15
Hawtharn Comman Hawthorm L ST TR TS AE3-7EO 5 133 170 | 105 94 &7 Ez24
Olak. English Dak LA Fohr AER ] 134 155 104 BT 42 BaY
Clak. Turkey Dak CRAEIAT (R EEO-673 5 z00 156 104 &7 40 A5E
DOlak Lebanon Dak LR S’ o 1] 20z 154 106 BE 4 559
Olak. Hungarian Oak, RN A Sl EEE 5 203 161 | 110 k] 4 A73
Olak. Elack Oak CREF LT VNS Ei4 ] 205 B0 103 BE 40 )
Ches=tnut Horse Chestnut Al AR ST Baz-726 7] 209 a1 a5 B4 ERZ
Beech Common Beech S S A24-720 5 210 170 | 104 93 47 Ez24
Beech Copper Beech ST SIS ME LS f42 5 216 174 107 94 47 B33
Mlaple Girey Snake-bark Maple M e EEE 1] 222 m s 98 30 AE4
Maple Heldreich's Maple M daihesiodd’ E4E 5 227 (LU LU 30 671
willow Goat willow F e 440-T11 1] 244 208 | 107 | 64-33  40-50 EE4-703
Lime Common Lime Tl e s ATG-BET 1] 24323 | 180 W9 &y 42 E53-671
Ash Manna Azh FESMTAS AT E3T [ 19 m 04 &0 44 IF AEY
Ash FRed &sh o o R e EE3 [ 192 06 | 826 Ta 45 37 f44
Prunus Elack Cherry ST SRS f33 E 132 109 | 103 93 A0 42 ]
Hazel Common Hazel i seliams ] E 206 158 | 104 54 46 29 Ra7
Foplar Wild Black Poplar SO s San Serulfolis EiE [ 221 143101 a2 05 43 [=1]
Foplar ‘white Poplar it A B88-TI7 [ 223 146 104 a2 BE | &0 ET1
Maple Morway Maple A ot S B31-643 [ 227 208 | 10| 103 96 | 36 Ta0
Frunus wiild Cherry ST ST BEO-613 [ 244 193 | 120 | 100 A0 42 754
Elm wWych Elm Ll s 38 7 136 03 86 EE 05 43 30 574
Hsh Common Ssh ST ST ST 404-5EE 7 139 o104 83 79 43 36 E44
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5. Discussion & Conclusions

The database that was produced can be used by anyone who has fingerprinted an
unknown species and wishes to identify it. It will never be a 100% proof of identity
but will easily locate a‘ closest match’ to a species.

In the genus ‘Quercus, which is the Oak family, we collected a huge variety of
species and were able to average out a general Oak fingerprint but also pick up very
small differences between the species, making it a little more possible to identify
which Oak an unknown could be. Further work could be done to determine the
differences between these species by using a different enzyme in the digestion stage.
This would alow for bigger differences in band sizes to be produced and therefore a
more diverse range of fingerprints. Thiswould also allow for a basic fingerprinting to
be done, then when the unknown is identified by the genera Oak fingerprint, the
different enzyme used for digestion and then the species more reliably identified.

The same was seen for the Maple family *Acer’. Once again, more research could go
into producing a more accurate database to identify differences in the family.

Between the different families there proved to be noticeable differences making it
relatively easy to distinguish between the families. The database can therefore be used
successfully to identify the genus of an unknown and even the species depending on
how close amatchitis.
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