Al

DEVELOPING DNA PROFILING STRATEGIES FOR LITHOPS

Warren Michas] Kruger
f

=

A dissertation submitted to the Faculty of Science, University of the Witwatersrand,.
Johannesburg, in fulfilment of the requirements for the degree of Master of Science

Iohanﬁeshurg 1994”




- o T o _ oo T ) € .. LA R o . . o . )

. ABSTRACT

" There are a number of recorded difficulties in slussing lithop species according to their
phenotype alone. DNA profiling, which can provide a quantit.itive meagure of the degree

of s%eqﬁeni:e similarity between any two genomic DNAs, is the method of choice for estab-
lishing phylogenetic relationships between species.

Cetyltrimethylamiﬁoﬂium bromide extraction was routinely used to isolate over 200 ug of

lithop DNA per pram of Iyophilised tissue. Only 15 ug of a high molecular weight DNA
could be spooled and used in hybridisation _studies.. High molecular weight DNA was also
purified from Jow molecular weight contaminants by gel filtration chiromatography through

a smafl | ml column packed with BioGel A15m. The resultant elution profile is a visual |

représentation of the degree of degradation of the crude DNA preparation. The four
oligonucleatide sequences (TCC), , (GATA) , , (GACA) , and (GTG), were synthesised,
cold labelled and hybridised to EcoR 1 digests of lithop DNA, immobilised in dried agarose

gels. However, none of they. sequences produced a scoreable banding pattern.

DNA amplification fingerprinting was investigated because profiles can be generated with

- atbitrary sequence 10mers and with only 25 ng of genomic DNA. These proﬁle's' were found

to be sensitive to changes in the concentration of MgCl2 and to differences in the “actual”
time spent at each temperature during c);cling. The amount of primer must be in vast molar
excess over the amount of template DNA if shbrt ( <400 bp) regions are io be eﬁicienﬂy
amplified. The amplification mMuns of three different human DNA preparations with
ACGGTACACT produced a homogeneous set of mmlarly sized markers, The percent
band sharing between three lithop species was caloulated from the profiles directed by
ACGGTACACT and CCCTCTGCGG, Thare was 32% band sharing between L. Leslie
& L. Hookerl (both fouﬁd in westetn Transvaal), 18% between L. Lesllei & L. Terricolor
(found in south western Cape) and 12% between L. Hookeri & L. Terricolor




a

DAF markers gengr;tcd from any lithop wemplate represent specific lithop sequences. These

sequences can be isolated, Jabelled and used as a source of probs for restriction DNA digest

analysis of other lithop specxes DAF could be used to “extract” sequence data from iithdps |

which can then be used for more conventional forms of profiling.
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o . CHAPTER 1

1 IN? RQ0DUCTION

1.1 The Spesies as the Unit for Taxonomy

o

-3 : The study of plant systematics is founded on the idea that, in the tremendous vadation in
| the plant world, eonceptuelly discontinuous units exist - called species ~ which can be
recognised, classified and named. | Relatioriships based on evolution are presumed to exist

T
———t

arnong these unite. Classificafion is the arrangement of plants into groups havmg common
chiracteristics. These groups are then arranged into a hierrchy of ranks. Sirnilar specles of

T

plants are placed into a genus, similar genera are grouped into families, families are arranged
_ into orders, nrders into subclasses, subclasses into classes and classes into divisions, Iﬂen-
F B ' ' tiﬁcatioﬁ is the recognition of certain characteristics and the application df a name to a plant
) with those particular characteristics. Recognition occurs. when the specimen under consid-
| eration is similar to a previously known plant. If comparison of the specimen with similar
species reveals that it ditfers from them, it may be named a.s.a new spocics.
'I‘axonomy is based upon the similarities and dissimilarities between organisms. Taxonomm
schem:es whick try to reflect evolution are said to be phylogenetic. The advantab.. of
phylogenetic systems is that they are rich in informational content, since the identity of a
plant implies lmowledge.uf its affinities :md evolutio:iary relationships. In practice & group
of plants which are fundamentally alike are ,generélly treated as a species. Ideally, a species
should be separated by dlstmct murphological differences from other closely related species.

However, it is sometimes difficult to delimit a specits. precisely, If each minor variation in
pl#mt populations were to rﬁaﬂe the basis of Species'distinstion, there woulr.l be no end to
the number of species. Differences in features should r=. ve allowed fo obscure resem-
blances. A species is a 'concept that cannot be defined in exact terms, it is not absolute and
inclastic (Yories ef al., 1979). ”




‘In developing concepts of sPEcies, Speciiﬁens should be regarded as samples of Iiving, re-
producing populations of genetically related individuals. Different species have developed
by diverse evolutionary and genatic mechanjsms. Since species repmsent hnea.ges, systems
of living populations may be found at various stages or Iavéls of morphological dwergenee
from one anqthef in reproductive isulati'o'n.. As a rosult the classification of the plant
kingdom continues to be modified as new information h'econ_xés available. New data used in
conjunction w:th information derived from_tradiﬁonal sources, such as -coxﬁparati\;a' anatomy
and gross morphology, further refinie the classification., .The biologicat species concept en-
visages the species as a distinct population system of central inxportanne in nature and in
evolutionary biclogy. Biplogicaﬂ species are kept separate from closely related species, in-
_habitiné the saxhe general region, by .:eproducti‘.'e isolation mechanisms that prcvém .or
greatly reduce genetic exchange between them. Two such reproductively isolated species can
coexist in the same general area and not lose their genetic identity, However, when many
plant species come into cotact, they are able to exchange genes and 'may_.produca fertile
progeny. For this reason the ability or lack of ability to produce hybridé and exchange genes
cannot be used 2s a general criterion for eMg species boundaries in raost plante

The categories of subspecies and variety are applied to populations of speciss in vasious
stages of differentiation. A common process of evolution and speciation in plants is the
graduat divergence of a former homogeneous species into two or more di_versé population
systéms, Their divergence is usually related to adaptation to differing geographical areas or
climates, During the process of becoming adapted to different habitats, the populations be~
come genem.aliy distinct. This genetic variation is reflected in morpholégy and physiology.
Often differentiated populations, or ecotypes, occupy adjacent. ratiges where they interbfeed
at points of contact. There can be gradual or or sharp discontinuities m the vasiation patterns
between divergent populations, depending on the environh:mntﬁ gradient, These ecotypes
most often form the basis of a subspecies or vanety Subspecies and varieties are

recognisable morphological varistions within species, Their populations have their own

-



patterns of variation correlated with geographlcal dlstnbutmns or eoologmal mqm:ements
Whether "subspecies” or vanety is used oﬁen depends on the systemahst

If two populations are alike in their features the resemblance is usua.llj aftributed to either
para]leham or mnvergense. Convergeme is the resemb}anse of two or miors distinct
phylogenetic lines brought aboht through a.daptauon to similer environments. With
parallelism the resemblance is due 1o a common z’mcestry and genetic bac_kgraund. Two
phylogenetic lines may diverge up to some stage, 'ceése to diverge and then run parallel;

Parallel evolution can take plac_é in related lineages at any stage.in their separation.

1.2 The Role of Variation in Classifieation

' Taxonomie eviderce for establishing classifications is gathered from a variety of sources.

Because all parts of a plant at all st.ages of its developmenf can provide taxonomic characters,
data must be assembied from many diverse disciplines. The complexity and diversity of plant
life is apparent among species and between individuals of the same species.. This variation
is universal, it is the basis of both evotution and classification, without it natural selection
wduld have nothing upon which to act (Bell ot al., 1969). Variation is neither uniform nor
constant :aﬂd physical differences may be obvious or obscute. Differences must be stably
mhented and not have arisen by chance. Tl'us can be verified by examining differences be- |

tween plants in a population, between plants of different populations and between plants

of related species (Bell et al,, 1579). A better understanding of the evolution of plants may
be discovered by careful analysis of their variation. Variation paiterns give us information
about the role that selection and mutation play in evolution. Darwin proposed that species
are ever changing entities which are the products of natural selactlon, this however did not

explain the sudden emergence of a variety of new species - mutational evolution sought ta.

. account for these anomalies. Discontinvous varistion patterns are seen as the yesult of

mutation and cbntinuous' pattermns as a consequence of environmental pressure (Briggs and
Walters, 1984). _
Variation v**hin 2 popﬁlaﬁon possesses thtee broad components:
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L. environmental - the phenotype and behaviour of the plant are determined by “inter-
actions” between the cnvimmnuat and the plant’s genotyj:e ‘Each genotype reacts dif-

ferently to & given environment, some plants can alter their pattems of growth i

“response to environmental changes (phenoplasticity),

2 devélbpmsmai - several genes may detcrmine a plant’s phenotype and they are often

regulated dependihg on the age and stage of development of the plant,

3. grnetic variation - it is the ultimate source of variation in species and it replenishes the

supply of genetic variability (Jones et al., 1979).

The role of genetic mutations on evolutionary change depends on several factors: (1) their
effect upon the organism, (2) the adaptive advantage or disadvatitage of the mutation, and

(3) the role of the mutation in population-environmental interactions. The envi:bnmé.nt in
which 2 mutation occurs will have a great effect on ité ipcorporation into a population.
l.Inle.ss the environment is changing, mutations will most likely lower the level of adaptation
of the species, If .a species is well adjusted 1o its environment, small mutations might allow

it to inhabit new or changing environments, but drastic changes are almost certain to make

it function poorly,

1.3 Lithops: Problematic to Classify

Lithops are fleshy plants which are generally found in areas of low rainfall, They have an
individual plant body whére the ‘corpuscitem’ or head is made up of two opposite leaves
which have thickened and fused together leaving a fissure across the top surface - flowers
bud through this fissure. The corpusculum tapers down to a junction with the root, above

which is the growing meristem,

Distinet populations of lithops are found in defined and isolated geographical locations,
scattered throughout southern Africa (Cole, 1988}, There is considerable correlation between
individual species and the nature of their habitat, especially in terms of their topography,
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type and colour of stone and soil. Some taxa are femaekably uniform in their appearance

and they are thus easily distinguishable and identified, where.s others are highly variable.

There are a wide variety of habitats in which lithops occur, thei e found on flat plams,

- gentle inclines, rough and precipitous slopes, in pans, on low ndges, hﬁl tops and mountain

sumnnts They can grow in clay, sandy soil humus, stony soil and even in fisures between

| rocks, thhope occur at different altitudes rangmg from a few mem‘;res above sea-level to 2 500

metres. Furthermore, dxﬁ'e:ent varieties are known to inhabit and regions where rainfall is -
low, while others oceur in fairly w_e]l vegetated bush and grasslands (Cole, 1988). _

Cole (1988) presents an interesting insight into- the problemns associated with classifying

lithops. Basically no single criterion is adetjuate on its awn to enable one consistently to

_ d:ﬂ‘erent:ate between two species, or even subSpecles An entire series of criteria must be

&, ) s)'ed for this objective. Of course such a system is beset mth inadequacies - which cri-
teria should be used? How should they be defined? And how are they to be cqntmua,_lly ap-
plied to the entire mass of available material 1o be classified? Several formal descriptions of
lithop species are only based on a small number of specimens and this gives rise to a “hatf.
true” image of that species. Any variability beyond these descriptions might either be ignored
ot even iead to separate varictal types being falsely recorded. Many instances have been.
described where two quite distinct taxa have been reported, only for an intermediate form '.
of botly to he 1dent1ﬁed and thereby reveal some degres of relatedness between them (Cole :
1988), It is hoped that DNA profiling, which measures genotypic differences, can be used
to mmplement the existing classification system.

1.4 DNA Polymorphism

DNA sequence polymorphisms are a coovenient way of distinguishing between two
organisms’ genotypes (Saghai-Maroof et gl, 1984), Before studying gene_tic' vatiation, we
must understand some thmgs about the nature of DNA. DNA is divided into different
classes depending on its abundance throughout the genome. The three rain classes of DNA
are the unique sequences, the highly repetitive sequences and the moderately repetitive se-
guences. The unique eequences encompass the protem coding sequences {not exclusively)

5




which are present in only one or a few copies in the genome. The highly _'repatitive class,
" which are transcriptionally inactive, are present in hundreds or thousands of ‘copies which .

ate believed to be clustered. Moderately repetitive sequenées are present in both clustered
and dispméd fonns"this class contains a number éf gene.famiiies which occur in several
copies in the genome. These saqﬁencas are pregent in several to hundreds of copié,s '
(Thompson and Thompsorx, 1986).  Swanson et al. (1981) nroposed that each eukaryutlc
species may ‘be cha:actensed by its repetitive DNA which varies n it ﬁtquency of f repe-

- titions, length and nucleotide sequence of each repeatad unit and its location in the genome.

There are thousands of variations in DNA sequence 'ﬁr_lﬁch charactérise each orgéxﬁsm.
Genes are continuously changing, albeit slowly, Covsider a gene (cistron) of anly 1000
nuéleotide pairs then there are 4% pbssiﬁle allelic states for this géné. In reality however,
a lmoo number of these \!aﬁant allelic forms are never seen 'be.ca_nsc' functional coding se-
quences must be maintained - even so the humber of possible allelic states.is large. In non-
coding regions (between genes} this requirement does not exist and these DNA sequences
are more tolerant of chahge’s. Bearing this in mind we see that any new mutation is almost
always djﬂ’erent from the alleles preexisting in the present population (Nei, 1975). The
structure of eukaryqti; genies is such that there are extensive non-coding, flanking regio_x_ls
which are highly polymorphic (these regions are important for gene regulation). Furl;her-
more, the DNA sequences of non-ot;'éing introns are highly variable excépt’ #t their splice
junictions, Gene familiss contain several closely related gene sequences separated by non-
coding, polymorphic spacer DNA. All these sites are “hot spots” for genetic changes, § 2, they |
diffr greatly betwoen unrelated individuals and are said to be hypervariable, They are ideal
for studying genetic divergence because their hxgh levels of sequence alteration generate
umque differences that characterise individuals.

1.5 Examining DNA Polymorphism

- I we are to employ differences in DNA'seqtuanoes to aid in the classification of species, there

must be procedures by which we can quantify such differences in order to show genetic
distances between species. The sequencing of the entire genome of each organism is highly

6
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impractical and expensive and so other methods for quantifying differencés in DNA are re-
quired, If DNA is isolated, freed of all bound pro.teins and incubated at 2 teniperaiure of

80-100° C its double helix struciure melts into single strands. The bjgher the GC content _

of the D\IA the higher will be the msltmg temperature required. When thetempemum is
thenloweredtoabout 60 Creamsalmgofthesmglestrands to-the doublestrandedheluc

ocCurs (Swanson et aI 1981) - this process is dependent on the random coﬂzslon of mole- |

culés in solution and it is therefore a function of the concentration of the DNA molecules
which are capable of base pairing as well as the time allowed for reannealing. Any highly

-repetitive, simple éequenoe DNA would be expected to underj. rapid reanneaﬁng; while

unique sequences pocuring in only one or a few copies woui& reanneal far slower. The
reannealing characteristics of an_organism‘;s DNA can be roughly quantified usmg Cu t val-
ues. The melting temperatures and Co t values are at best an approximation of the sequence
composition of an organism’s DNA. ‘These parameters ate of limited use and can only be
used for simple comparative purposes of genetic relatedness. The absolude amount of ge
netic vaﬂ#bn is a.menable. to study at the DNA level by eiamining changes in restriction
digest sites (Flartl and Clark, 1989).

Mutations in the DNA base sequence can either create or destroy the recognition sites of
an endonuclease, altering the way in which such an enzyme will digest genomic DNA. In

addition to actual sequence changes which create or destroy specific restriction sites, there .

are other forms of mutation that can be used to distinguish individual genomes, The exist-
ence of genetic redundahcy, in the form of repetitive DNA séquences in eukaryotic genomes,
is well known although the very reason for their existence is unknown, In 1984 Jeffroys
showed that the human genome cont_gins a large number of hypervariable regions which are
related by a cofmmon “core” sequence. The.e sequences {tminisatellites) are made up of short,
tandemly repeated DNA sequences (which are thought to arise thuough unequal crossing-
over during recombination), They are beheved to have evolved from 2 comuion set of an-

cestral core sequences, therefore each hypervanable sequence will have some sequence
homology with zhany other loci. A sequence probe can recognise several sequences with
sufficient sequence similarity to permit hybndmatxon, especially under low stringency con-
ditions {Debenham, 1992}

i
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.The utility of some (but not all) probes, wlnch are complememary to miinisatellite regions, :
derlves from their abnhty to cross hybndzse with wveml genmmc minisatellite regions and
so generate highly polymorphxc fragment lengths when, dlgested wuh an endonuclease
(Rogstad et al., 1988} These probes are called mulu-locus probes (MLPs) because of their

: abﬁrty to detect many Iocx s:multaneously Generally, the closer the match in sequence be«
tween probe and core sequence, the more likely the detectwn of other hypervariable loci in

the genome, If all the tandem repeats in one individual were identical thh those in other
mdmduals then the band patters would-be common to all. [t was reasoned that the si-
nultaneous analysls of several hypervanable loci was a sufﬁment measu:e of penetic van

ability s0 as to prov:de umque individual 1dent1ﬁcaunn

" .Variations in the number of repeats arising from the loss or gain of the “corc” sequence are

accumulated during evolution and result in length variations between species. This variation
can bg detect’cd' By ‘cleavage with restrictibn enzymes which cut cither side of the repeated
sequeﬁce (minisateflite), but not within it. The length of the restriction framhent would de-
pend on the number of repeats between sites thus genarating' DNA fragment ler_lgth
poljrthorplﬁsms. "These restriction fragment length polymorphisms (RFLPs) as they are
called, are mhemed as simple Mendelian codominant markers {Thonipson and Thompson,
1986). In fact the size of each tandem repeat can vary considerably amng individuals -
many of these loci have 20 or more variants, Since the- number and - distribution of -
hypervariable sequences are specific for each person the restriction patterns are also specific.
Changes in the DNA are reflected by corresponding changes in the restriction digest pattern

" of the DNA. Loci with bage pair mutations, that create or destroy restriction sites, have only

two alleles {a cleavage site is either .present or absent). In contrast minisatellite loci, where
length vanauon depends on the number of copies of the tandem repeat, have many possible
alleles (Nakamura et al., 1987)

A probe, complementary to a ugique sequence found flankin:; & repeat region, can be used
to get information for the allelic composition of that particular locus (single locus



fingerprint). In single locus probe (SLP) analysis DNA sequence variability is examined at
a defined genetic locus, thus providing only two bands per individual. A genetic ssquence

. that contams tandem repeats but represents only a'single' locus is referred to as a__VNTR .

(variable number of tandem repeat) locus. VNTR loci show high levels of length variation
and can therefore generate several allele variants. In addition to exhibiting more thag two
allelé sizes VNTR loci, cut by different restriction enzymes, produce fragments of different

" length. Even though the DNA sequences of VNTR regions are members of a largs set of

- similar sequences located at many different Inci, there is sufficient variation in sequence

amongst such loci that hybridisation at Ingh stnngency permits the unique identification of

a single focus. At lower stringencies additional hybridising DNA ﬂ:.igments_ are detected with

single locus probes (Wong et al., 1986). Sequence alterations canbe.  lied at different sites
dependﬁlg on the sequence of the probe used and the hybridisation smngem:y employed,

The so-called simple ﬁuadmplet repeat (SQR) elements are another class of repetitive DNA.

Their definition rests upon their actual sequence content, viz. short motifé., usually four

bases, which are reiterated in tandem many times in & head-to-tail fashion (Epplen, 1992).

This is in contrast to the minisatellite sequences described earlier which are constructed from.

larger repeat sequences. A common feature amongst all the repetitive DNA sequences is
their high degree of polymorphism between unrelated genomes, Most of the variability found
at SQR sites, as with minisatellites, results from different copy numbers of the basic repeat |
motif. [n the plant kingdom a whole variety of these simple upetitive motifs are present,
though to a dissimilar extent and organisation in different species, Probes usnally reveal
interspecific genetic variability, resblting in polymorphic or hypervariable banding patterns

(Weising et al., 199 1). Depending on the combination of species and oligonucleotide probe

species, variety or individual specific DINA fingerprints can be obtained. Unfortunately, the
most informative combination (which probe with which species?) has to be determined

empirically.

These shost, simple seﬁuence stretches (which ocour as highly repetitive elements in all

“eukaryotic genomes) are thought to arise by slippage-like events working randomiy on -
internally sepetitive sequences and they geretally show length variability. This is different
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from the variation seen at minisatellite loci, which is thought to be due to recombination

" mechanisms, $lippage mutations are sufficiently frequent to maintain a high degree of

polymorﬁhisni within popuiations, but not frequent enough to oceur in successive gener-

* ations (Tautz, 1989). - °

The high degree of polymorphism, found thréﬁghbut the .genome, suggesté. that there exists

& large amount of variability in the DNA sequences of all eukaryotes. A great desl of vari-

ation between plant species is found in the repetitive cmﬁpqnents of their DNA - differences
are found m the arrangement of the repeats and polymorphisms in their core sequenices oc~
cur (R'wiﬁ. 1986).' Restriction site analysis is used to detect ‘variation amongst alleles as

fragment size differences which can result from the prés_mice or absence of restriction sites

 or insertion or deletion variations. These fragments are separated according to s:ze by gel |

el'ectrophomsis and visualised by incubation with 2 la.efled probe (Hart! and Cla.fk,'_1989}'- '
thus giviog 3 DNA fingorprint. Variation in restriction sites is detected by the change in

migration patterns of the gel bands.

Each probe wilt oply detect its eomplemeﬁtary (or near complementary) sequence if preseat.
With the use of a series of different probes additional polymorphic loci might be detected
because each probe wilt detect a different sequence, The pattern complexity is not the same
for each sequence motif used for hybridisation (ieﬁ‘:eys et al, 1985}.

10
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CHAPTER 2

~ 2. PREPARATION OF TOTAL GENOMIC DNA

2.1 Introduction

“The ability to extract and purify high molecular weight genomic DNA is of the utmost im-
portance for DNA profiling studies, The DNA fragments must be at least 20 kb long, They

" must be free of contaminants and low molecular we1ght nuclelc acids fragments whlch i~

terfere with restriction digestmn and show up as unw:mted background noise dum:lg
hybridisation, To obtain undegraded DNA one mmust overcome the activity of re_suiual anid
adventitious DNase ¢nzymes. The isolation of plsaat DNA is technically demanding because
the same forces which are required to break plant cell walls can also shear DNA. Consider-

able care must be taken and a compromise reached befWean DNA Iength and yield ¢ {Murray
~ and Thompson, 1980), The general procedure for extracting DNA involves the disruption. B

of the cells 1o release their DNA, ramoval of cell debris and polysaccharides, denaturing and
pmcipitating proteins and the final precipitation of the DNA (Robyt and White, 1987),

Lithop genomic DNA has never, to the best of our knowledge, previously been prepared.
Given the difficuit nature of isolating undegraded plant DNA we decided to canvass th fit-
erature for a protocel most likely to be successful. Phenol extraction is most probably the
most common method. The fundamental 2im of a phenol extraction is the denaturation of
proteins and their removal from an aqueous schution containing the desired DNA. Phenol
is mixed with the sample under conditions which favour the denaturing and dissociation of
the proteins from the DNA usually in the presence of a chaotropic agent like guanidinium
or a detergent. Chloroform is usually added to remove the phenol and denatured proteins
and any other organic contaminants which will partifion into the orgamc phase

' Cenmﬁlgatlon of the mixture yicids two phases: a lower organic phase carrying the protem

(much of which forms a white flocoulent mterphasa) and the less dense aqueous phase con-
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taining the DNA. Lipids wl:uch are spluble in chloroform can also be :emoved

' Chloroform s high density enhancas the separatmo of the two phases, whﬂe 1soamy1 alcohol

waddedtopreventfoanung. _ Y "“‘-'-;.--

ﬁg /

Phenol extraction m not the Oy msthod for isolating DNA and several (ﬂ:er protocols ate
" available. Richards (1990) describes a procedure for isolating pla.nt DNA which employs a

detargent_for cell lys:s, protease treatment and CsCl gradient puﬁﬁcauoo. ‘Whole cells are

lysed i this '“;"xlure and s total celliiar DNA (viz. auclear, mitochondrial and
chloroplast) is obtamed DelIaporta et al. (1983) us¢ & similar procedure for isolating plant

LNA, only wmiiting the CsCl gradlent purificatiofi,. DNA is usually prec:pmat_ed with
et_liaool by leaving a mixture of the DNA sampie, salt and et_hanol at -20° C, or lower. The

nucleic acid salt is sedimented by centrifegation and the ethanol supernatant is removed. -

“The DNA pellet is dried and resuspended in buffer, Isopropanol can be used to minirmise

the total volurme of the precipitating solution. However, isopropanol is not easily removed

because of its low volstility and the sample usually requires an ethanol (or ether) wask after

precipitation,

The most common problem affecting plant DNA purification is polysaccharide: contam-
ination. Carbohydrates are usually very difficult to separate from the DNA itself. The re-
commended procedure for polysar  aride removal is by chloroform e::‘iraﬁion of cell lysates
in the presence of cetyltrimethylammonium bromide (CTAB - a cationie detergent) and 0,7
M NaCl, first desgﬁbed_ by Murray and Thompson (1980}, The techﬂique. oapit.aliSes on. the

fact that DNA and RNA are soluble in CTAB and 0,7 M NaCl. However, many

polysaccharides are insoluble at this salt concentration and they will separate into the nter-
face which is discarded. Weising et al, (1991) isolated DNA from a wide number of plant
species, with variable success, using a technigue based on that of Murtay and Thompson

(1980 (see figure 32). The DNA obtained by this procedure can be further putified by CsCl

gradient centrifugation. For routine work this step is both costly and time oonsuming
Weising ¢ a/. (1991) recommend a RNase treatment followed by Sepharose CL6B spun
colimmn chromatography as an effective purification alternative, '
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2.1.1 Purification by Gel Filtration

A simple gel filtration syéte'm can be used for sepé.rating high moleculur weight DNA fmm
low molecular weight contaminants, c.g. degraded nucleic acids. Chromatomhic sepa-
ration of moleeules of different dimensions can be brought about by making use of their
vatying ability 0 penstrate into a suitable stationary phase. A porous gel packed into &
column serves as the stationary phase. Any solute molecule will partition itself between the
solvent in the mobile and stationary phases (_Morris and Morris, 1976). Selectioh of a gel
hziving a'suitab.le size exclusion range means that high molecular weight DNA fragments
mll be sterically excluded from the stat'ionary phase solvent as they are tod large 1o enter the
gel pores. These molecules will elute from the column first 1: the void (or excivded) volume,
Conversely the elution of smaller nucleic acids and other contaminants will be differentiaily
retarded deﬁ!c:ndi:lg on their size. The clution pattcrh of the nucleic acids can be follovred
by measuring their absorbance at 260 nm with a UV detector. The operational limit is sct
by the viscosity of the initial solute solution. An increase in viscosity produces a progressive

deterioration in the symmetry of the solute zones.

We decided to use BioGel Al5m as the stationary phase becauss of its operating range, viz.
ax10* - lelO Da. BmGel is an agarose gel which has high porosity and mechanical ri-
gidity. Its lack of defined structure restricts its use to temperatures below 40° C and to the
pH range 4-9. Agarase gels must be stored in the wet state as they cannot be dried without
Joss of structure (Morris and Morris, 1976), |

2.1.2 Estimating the Tota} DNA Content

Before attempting to isolate high molecular weight DNA it is useful to estimate the ame -1

_of DNA in the tissue, By far the easiest and most commonly used procedure for determining

the concentration of DNA is by measuring the absorbance of an aqueous extract at 260 nm
{1 mg/ml of double stranded DNA is known to have an Am of about 20). This is generally
a sufficiently accurate measure of the quantity of DNA, However it can be confirmed by
other quantitative methods.

13
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" Two other procedures have also been used to estirnate the total DNA content ;:f lithops in

the_hOpe of ponﬁnpii&g the valiies obtained by A estimations. The two wayelength methiod
described by Tsanev and Markov (1960) was developed to calculate the amount of nucleic .
acid in various tissue extra;its spectropbotometrically. 'Severﬂ -#her procedures for caloulat-
ing the qumtity of DNA dand RNA were known ¢.z. phosphorus analysis and pentose colour _

reactions, but these estitnates were prone to inaccuracies because of contaminating mole-

cules. Tsanev and Markov showed that it wﬁs possible to determine suitable wavelengths at

. which the absorption of contaminants would be eliminated by the two wavelength moethod.

‘The amount of RNA was estimated following alkali hydrolysis in { N KOH for 18 hours

at 37 C (DNA is ot susceptible to atkali hydrolysis at this temperature), Fleck and Munro

{ i962) showed that prolonged digestioﬁ in strong alkali!_n_-cleasc';d considerable amounts of

" protein into the RNA fraction. This could be avoided by‘ixsing 2 lower corcentration of

alkali (0.5 N) and by hydrolysing for only one hour ﬁt 37 C.

The other i&mwdur.e. is the speuﬁc colour reaction betweﬁn deoxyribose and diphenylamine
described by Stenesh (1'984). Singe the sugar moiety of DNA consists exélusively of
2-deoxyribose the caloﬁr reaction serves equally well with the intact nucleic acid or the free
sugar, The blue colour produced with DNA measures only the purine bound'éuga:s. The
intermediate responsible for the blue colour is thought to be hydroxylevulinio aldehyde and
only substances that can be transformed into this compound will give the specific reaction.

14
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2.2 Materisls and Methods

2.2.1 Plant DNA Isolation

One gram of lyophilised Jithop Ieaf tissue was ground up and dispersed in 15 ml prewarmed

(60° C) CTAB buffer (2% wjv CTAB; 1,4 M NaCl; 0,2% mercaptoethanol; 20 mM EDTA
and 100 mM Tis-HCI, pH 8,0} and incubated for 60 minutes at 60° C. This mixtuts was

© then exiracted several times with a chloroform-isoamyl. alcohol (24:1) mixture and

centrifuged at room temperature for 10 minutes at 10 000xg. The aqueous phase was re-
covered and the nueleic acids were precipitated with 0,6 volume of isopropanol at -20° C for
at least two hours, The precipitate was collected by centrifugation at 4° C for 10 mﬁlutes at
10 000xg and the resuitant pellet was washed with 2 ml of 76% ethaao, 10 mM ammonivm
acetate for 20 minutes with gentle stitring, The insoluble DNA pellet was collected by
centﬁfugaﬁqn at 4° C for 10 minutes at 1D 000xg, air dried to ';exnove any traces of cthanol
and then dissolved in | m! TE buffer (10 mM Tris-HCL | mM EDTA, pH 8,0).

After resuspension the sample was digested overnight with 5 units of RNase at room tem-
perature. ‘The RNase was boiled, prior to use, to denature any contaminating DNases.
DNA waﬁ precipitated with isopropandl and dissolved in 100 1l of TE buffer before being
further purified. High molecular weight DNA could be spooled directly from the RNase di-
gested extract on addition of isopropanol and was used withdut any further purification.

2.2.2 Total DNA Content of Litheps
2.2,2.1 Two Wavelength Method

The total DNA and RNA content of lithops was estimated by the two wavelength method
of Fleck and Munro (1962). 80-120 mg of fissue was broken up in 3 ml | N HCIO, at 4
C and finely ground. The insolubls material was collected by centrifugation and washed four
times by resuspension in 3 ml 1 N HCIO, . RNA was extracted from the pellet by resus-
pension in 3 ml 0,5 N NaOH at 37+ C for 1 hour. Dissolved protein and DNA was repre-
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DNA P (ug/ml) = BA,_-A,)

cipitated by addition of 2 ml told | N HCIO . The ﬁrecipita'te was collected by
centrifugation and further extracted for DNA. The RNA phosphate content of thﬂ_
supematant was determined from the following equation
RNAP (ugiml) = IL87(A, )~ 164A )
DNA was extractedﬁ'omthepelletaﬂerﬁtstwasmngmmld 1 N HCIO byheatmgm3

ml | N HCIO . for 20 minutes at 90° C. After centrifugation the DNA phosphate content

of the supernatant was Jetermined from:

284
To convert the values of RNA P and DNA P to the mass of RNA and DNA ohe must

multlply by a factor of ten.

2.2.2.2 Diphenylamine Colour Reaction

 Duplicate standards of known DNA concentrations were set up, vz, 0, 5, 10, 23, 50, 100

and 200 ug/ml with duplicates of the DNA preparation from the two wavelength method,

| 4 ml of diphenylamine reageat 068 diphenylamine; 0,6 ml concentrated sulphuric acid and
40 ml placial acetic acid) was added to each tube which were then placed into a boiling

- waterbath for 10 minutes. Adter this incubation the samples were immersed in cold water

and their absorbances at 600 nm were measured, The tubes containing 0 ng/ml of DNA
were used as blanks, |

2.2.3 Gel Filtration Chromatography

A small 1 ml column, though not possessing many theoretical plates, can readily separate
large DNA fragments (in the void volums) from lower molscular weight contaminants which
are retarded. A 1 mi syringe (dimensions: height = 6,5 cm and diameter = 0,6 cm) was
plugasd with glass wool and filled with BioGet ALSm. Samples were Ioaded and cluted in
0,IM KCl. A Linear UVIS 200 HPLC detector, with a flow cell of 8 ul, was used to follow

the elution profite at 260 nm. The thin HPLC tubing helped to regtlate the flow rate (1

ml/hr) and minimise the “dead space” volume. The high molecular weight DNA fraction

16




was collected and concentrated by spooling after the addition of 0,6 volume isopropaol,
“The spooled DNA was washed with ethanol, dried and resuspeaded in TE buffer.- |

The elution volume of high molecular weight calf thymus DNA (obtained from Bochringer

- Mannheim) was taken to be themeasure of the void volume, Ths total columa volumg
" was taken as the volume required to elute AMP. High molecular weight DNA was also

pusificd from hunzan, chicken and potato genomic DNA preparations using this system,
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2.3 Resulis

2.1 Lithop DNA Tsolation

K] A units were recovered in the first isopropanol precipitaﬁon, prior to RNase digestion,
whxch is eqmvalent to 1,5 mg of nucleic acid. 1 mg was found to be RNA (which accounts
for approxxmately 83% of the A units) and. only 215 ug is recovered as DNA. the

| amount of DNA determined by the two wavelength and diphenylamine methods is 23(} and

i80 ug of DNA per gram lyOphxhscd tissus respecuvely This is simnilar to the pubhshed
y1el: } of Vlurray and l'hompson (1980) which ranges from 200 to 700 g of high molecular

' wej ght D‘*:A per gram Iyophﬂlsed tmsue

i

Vlnst of the lithop DNA is degraded and only. L5 ug of high molecular weight DNA was
dicovered by spooling after the a.d.dit.ion of isopropanol, the remainder is found in the extract.
That this is ndt the fault of the spdoling can, be seen by the use of gel filtration
chromatography. The amount of high molecular weight lithop DNA recovered from the

* column was identical to th,_at__recovered by spookinig, i.c. only 7% of the Am units loaded

onto the column were etuted in the void volume (see Sgure 5). The rest were recovered in

the total column volume fraction.

2.3.2 Gel Filtration Chromatography

The void and total column volumes of the ﬁioGel were found to be 300 and 1000 pl re-
spectively (see figure 1). Elution profiles give a visual representation of the degres of DNA
degradation that has occured during the isolation of DNA from diﬁ‘_arent organisms (see
figures 2 to 5). DNA samples that ars not highly degraded will have a greater peséantaga
of A__ uaits eluting in the void vohume than degraded samples. The removal of low mo-

| lecular weight contaminants by gel filtration can be seen frem the difference in the

electrophoretic characteristics of the purified and unpurified samples (see figure 6).
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Figure I: Determination of the void and total column volumes of BioGel Al5m column.

50 ugor | A, _unit of high molecular weight calf thymus DNA was used as the void volume

(Vo) indicator. 50 ug of AMP was used to measure the total column volume (V).
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Figure 2: Elution profile of human genomic DNA through BioGel AlSm. Human genomic
DNA samples were obtained from Human Genetics, SAIMR (Michelle Ramsay’s labora-

fory) and 80 ug (1,6 A units) fractions were © loaded onto the column. 95% of the Azso

units were reeovered in the void volume fraction by isoprapanol prempnauon _
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I Figure 3: Elution profils of chicken genomic DNA through BioGel AlSm. Genomic DNA
i
was isolated from chicken blood (see appendm 1. 80 ug (1,6 A  vnits) was loaded onto
: g ‘the column in G,1M KCL This elution profile shows a slgmﬁcam d-::gree of DNA. degrada
- ' tion. 60% of the Am units were fecovered in the void volume.
il .
AS
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- G Figure & Eluuon profile of potato genomic DNA through BioGel AlSm. Potato genomm
_l DNA was isolated according to the method of Weising et al, {1991) and purified by gel
J - filtration. Most of the DNA is degraded and oaly 0,4 Azsn units {25% of the A units) were
’  recovered in the void volume.
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| G Figure 5: Flution proﬁle of lithop genomic DNA through BioGel AlSm. 80 yg of the total
DNA preparation. was ioaded onto the coluran. There has been extensive DNA degradauun

and only 7% of the A:am units (about 5,3 1g) were recovered in the void volume.
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a Figure 6: Aga.rose electraphoresis of high molecular weight DNA ﬁ'actlons A 0,6% agarose
gel was run at 60 V for 1 hour in TAE buffer (46 mM Tris- acetate; | mM EDTA pH 8,0)
containing ethidium bromide as des “bed by Maniatis er al. (1982). Gel A oo:_ltams the

. samples before fractionation and gel B shows the same ONA preparations after purification
; ¢ _ on BioGel Al5m. Lane {1) potato DNA, (2) lithop DNA, (3) molecular weight markers,
- L&_ k (4) human DNA and (5) chicken DNA. |
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2.4 Discussion
2.4,1 DNA Isolation

,'I"h.e'_#tﬁount of RNA (detennmed by the two waveicﬂgth methbd) is 5 fold more thar that
of DNA, by weight, and makes up 83% of the A, _ units. The RNA that is coprecipitated-
with DNA, in isopropane! is therefore the major contaminant of the crude DNA prepara-
tion, Contaminating RNA can be digested with I Nase and the undigested DNA s recovered

by Isopropanul precipitation,

The low yield of high molecular weight DNA (15 ug/g Iyopﬁiﬁsed tissue) unpose,-i severa
restrctions on the number of profiles that can be genetated from a singh. 13774 exfraction
since 5 to 10 g of DNA are required for each profile. If the efficacy of the exiraction pro-
cedure for isolating high molecular weight DNA cantiot be improved, then several ex-
tragtions have to be done in order to obtain sufficiont DNA for Southers: blotting and

hybridisation. Jt is not unusual to obtain such low yields of DNA. Weising et af, (1991) have

shown that there is very little uniformity in either the yield or quality of DNA jsofated from
different plant species, Lithops, like many sncculents, have 2 high water content, the ratio

of fresh weight to dry weight is greater than 10 to 1, The Jow yield of high molecular weight
DNA per gram of dry weight tissue ieans that several planis have to be sacnﬁced to obtain
sufficient DNA. This is not liways possible especially for rare specimens.

The published vield of 200 to 700 ug DNA per gram lyophilised tissue by Murtay and
Thompson {1980) rufers to the quantity of high molecular weight DNA., Although the yield

of lithop DNA was about 200 ng/g lyophilised tissue, only 15 pg/g lyophilised tissue (or

7%) was high molecular weight Lr*'2 There is no definitive reason to e.xpla.m the low yieid'
of high molecular weight lithop MNA, but precautions were taken to minimise sheezing.
forces apd DNase activity whichr are thought to be the cause. To reduce the risk of DNA
degradation, lyophilised as opposed to fresh tissue is used because DNA is less susceptible _
to hydrolysis when water is removeu. Leaf fissue can be stored for long peribds in this de-
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-hydrafed state without any DNA degradation. When the lyophilised tiss;ue; is rehydrated it
-is nsually in the presence of EDTA and detergent (CT 'AB) whmh inhibit nucleolytw activity.

The ab:hq of EDTA to chelate metal jons is vital to inhibit DNase acuvuy

Pcilys#cchaﬁdes are said to be & major contaminant of plant DNA 'prepar#tions and can in-
tetfore in restriotion digettion (Richards, 1990). A high salt concentration (14 M NaCl) has
been introduced by Weising ef al.'durin-g e:&raction ‘because many proieins and
peclysaccharides ate insoluble é.t salt concentrations greater than the 0,7 M NaCl used by
Murray and Thompson. CTAB, which has a hydrophobic 16 carbon chain and a polar

tertiary amine “head”, is able to form soluble salts with nucleic acids under these conditions.

- When chloroform is added the inspluble polysaccharides and proteins form a white inter-

phase while organic contaminants will partition into the chioroform phase. In the c:iginal
method of Mumay and Thompson DNA was recovered from the aqueaus phase by adding
1 "TAB and lowering the salt concentration below 0,3 M NaClL The DNA-CTAB salt

obuaned is fairly insoluble and difficult to redissolve. In Weising et al.’s variation of this

rhethod DNA is precipitéted at the higher salt concentration as a sndiuin salt with

isopropanol,
24.2 DNA Estimations

The three methods for estimating the total quantity of DNA, viz. A w0’ diphenylaming and
the two wavelength method were all in close agreement. Of particular interest is the
diphenylamine estimate which is specific for 2-deoxyribose whether it is found in the intact
nucleic acid or as the free sugar. Theoretically, thie should give the absolute amount of DNA.
present because DNA lias an unique 2-deoxyribose compotent.

2.4.3 Gel Filtration

Gel filtration chromatography produces a visual profile of the quality, or degree 6t' degrada-
tion, of a total DNA preparation. The small 1 1ol column could resolve two slution zones,
viz, high molecular weight DNA eluting in the vold volume and low molecular weight £on-
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taminants elﬁting in the total column volume, The area of the void and total eolumn volume

¢luents are proportional to the number of A:mu units in these fractions and can be determinzd

from the elution profile. If the yield of high molecular weight DNA is low, as is the case for
*_lithops, most of the A_~ units will ehute in the total column volume: I the yteld is high,

as for human DNA, thon most of the A, uaits will be in the void volume.
Gl filration is a useful purifiation method because DNA fragments can be separated by
size without using agarose gel electro;ilidresiis_. It is also a quick, inexpensive procedure for

.cleaniﬁg' up DNA samples that have been degraded with time (see figure 6). High molecular

weight DNA can be separated from low molecular weight contarninants which absorb at 260
rurt but are not readily visualised by ethidium bromide fluorescence, The quantity of DNA,
contaminated with low molecular weight contaminants, which_ is visualised in agarose géls

containing ethidiurh bromide often appeém to be less than wﬁat is judged by Azao measure-

- ments, These low molecular weight contaminants can be casily removed by gel filtration.

There are two factors which affect the efficacy of gel filtration as a preparative procedure.

Firstly, even though it is possible to scale-up the method the quantity of DNA that can be
loaded onto the column is mited By the viscosity of the DNA solution,. i.e. concentrated
DNA solutions are viscous and they disrupt the symmuetry of elutiqn zones, whereas dilute
solutions are more readily resolved (Morris and Mormis, 1975). Secondly, the volume of
DNA that is loaded onto the .column can compromise the resolution of adjacent elution
zones, Increasing the ioading volume (above 10% of the column voluhle) decreases the
sef:_aration of the void and total column volume elution zones because the number of the-
oretical plates is reduced. 40 to 50 ul _a_liquots {4 to 5% of the column volume) were rou-
tinely found to produce distinet eiuticn ZOR28 | |
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2.5 Condclusion

The initial 6bjecﬁve of this_chaptér was to isolate purified high molecular weight lithop

. DNA. This was achieved with partial suceess using the-_methéd of Weising et-af. (1991), but |

 only 15 g of high molecular weight lithop DNA could be recovered from the 215 g of

.DNA apparéhtlj present per gram of lyo_phﬁised tigsne, Given_thé inherent d:ﬂicuMesm
isolating phﬁt DNA (Weising et al,, 1991) and the fact that lithop DNA. has never previ-

: ousﬁ; bee_n isolated, it was an accomplishment to obtain even some DNA. Al_though sheer-
ing and D“Jasc activity are widely known to cause DNA degra&atio‘.'}, the use .oﬁg’a;TA and

' lyophilised tiésue did not increase the yield of high molscular weight lithop DNA. No suit- |

able explanation cbuld account for this ﬁnoinaly and this meant that only a kv DNA 'pra-
files could be ggnerated from each DNA extract. _ | ' ' .

Gel filtration was shown to be a quick and useful method for purifying high 1 olecular

weight DNA from low molecular weight contaminants and for generating + visunl profile
of the “quality” of the extracted DNA. |
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CHAPTER 3
3 SIMPLE QUADRUPLET REPEAT (SQR) ANALYSIS

3.! Introduétion

DNA profiling is increasingly being applied to areas such as forensic analysis, paternity
testing, ‘animal breeding and population genetics. The selection and specific labeling of
probes is a crucial factor in hybridisation technology. The target DINA sequences that are
recognised by the profiling probes {minisatellites and SQRs) are present not only in animal
but alto in plant génomes (Bierwerth et al., 1992). Simple repetitive matifs are ubiquitous
components of the genome of higher plant Spacics. Weising et al, (1991) have shown the _
unique distribution and organisation of some of these motifs throughout the plant kingdom.

Different combinations of prebe and template DNA yield different hybridisation patterns
which can vary from a smear pattern (if the motif is abﬁndant) to faintly detectable bands
(if the motif is rare or only partially complementary to the probe). Those combinations
which generate a scoreable ba_md'mg pattern can be used for profiling,

Almost any sequence can be cloned into a vector, plasmid or phage and be labelied and used
4s a probe. In miany cases, however, the signal to noise ratio is suboptimal, especially if the
séquense is smali when compared to the size of the vector (Feinberg and Vogelstein, 1983).
Synthetic oligonucleotide prdbes eliminate thé need for cloning “minisatellite” SeqUENTes.
They can be designed or modified according to a rezearchet’s mﬁuimments. Furthermore,
oligonucleotide probes hybridise effectively with DNA. fragments immobilised in dried
agarose pels because they are small enough to diffuse into the dry gel matrix, This means that
hybridisation can be carried out directly in the dried agarose gel, eliminating the need for
time-consuming Southern blotting and therefore reducing any loss of DNA due to non-
optimal transfer conditions (Epplen, 1992 and Z'schler et al., 1991). 'I‘he technblogical ad-
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varce in the chemical synthesis of oligonucleoﬁdes has led to a concurrent increase in their

use as complementary proﬁes for SQR “allefes”.

It is advantageous if one is able to predict which oﬁgoﬁucleoﬁde sequence is most likely to
generate an informative profile pam with, a given gendmic DNA femplate. The presence
ami overall quantity of simple téndem repeats, in 2 given genome, can be assessed by slot-
blot hybridisation techmiques (Epplen, 1992), But this does not preive the suitability of a

probe for DNA fingerprinting because it only indicates whether a sequence is present and

not its distibution. It is generally better 1o start out on the basis of previous experiences in

related species. However the principle of “trial and error” has to be adopted. Since no se-
quence information on lithops is available it seerned .;éasonable to attempt to generate SQR
profiles for lithops with the SQR oligonucleotides described by Weising et al. (1991),

3.1.1 Specifisity of Hybridisation

Probe hybridisation procedures are rarely sufficient to discrirrﬁnate between perfect probe

target hybrids and hybrids formed with closs sequence relatiires._ It can be assumed, for

. simplicity, that hybridisation doesn’t discriminate against random sequences 93% or more

homologpus 1o the probe, A probe and its target may share & certain overall homology, yet
hybridise in different ways, Incorrectly hydrogen bonded pairs (snismatches) may be diss
persed uniformly throughout the length of the hybrid or clustered in one particular region.

. The relative stability of hybrids formed by dispacsed versus clustered homology is an im- |

portant consideration, since the background of random sequences presents the possibility
of dispersed homology whereas the target sequence usvally does not. Clustered homology
gencrates & more stable hybrid. The desiabilising effect of disperssd homology may be
slightly offset by the stability increase that aeonmpa.ﬁies increased duplex length, A long
hybrid with less than 10U% homology has a oompar_able stability to a much -shorter Bybrid
with 100% homology. Short stretches of perfect homology occur at a significant frcquencﬁr
and probe length must be increased to allow digcrimination against these short hybrids
(Lathe, 1985).
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The incorporation of a single mismatched base pair destabilises a DNA duplex to some ex-
tent, the amount depéndiﬂg on the nature of the mismatched base pair. Expeﬁme:iataliy the

mismatched duplex i discriminated from the perfectly matched one in two ways:-

1. the hybridisation efficiency of the mismatched oligonuclzotide is lower than that of the
perfectly matched duplex and | '

2. the dissociation of the mismatched duplex is higher than that of the petfectly matched
duplex (Ikuta et af, 1987). This stems from the fact that thé'existence of a single mis-
matched base pair in an oligonucleotide-DNA: duplex- significaritly red.uces its thermal
stability. This effect allows for the formation of the perfectly paired DNA duplexes

‘under conditions where DNA duplexes with a single mismatch do pot form,

'The activation energy for the dissociation of duplexes with various mismatches are similar,
 suggesting that the difference in di_s_sociation rates is entropic in origin, The activation energy

for dissociation seems to be too small for the overall strand separation. This irnplieﬁ that |

the melting of the first several base pairs is the actual rate limiting step of the overall

dissociation process,

Despite these constraints certain "stable” mismatclis can be tolerated. Guanine is the vaval
pariner involved in the formation of stable mivmatches becaunse it best fits the classic ctiteria

| for Wat_son—(:rick base paiting, viz:
e formation of a stable base pair requires at leﬁst two hydrogen bonds
» one of these hydrogen bonds utilises the imino proten of guanine or thymine
& nong of the bases converts to the enol or imino tautomers

* the 'élassical base pair is constructed from a combination of imino proton acce;jtor
adening or cytosine with donor thymine or guanine
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- combinatioﬁ q}f the larget purine bases adenine {A) and guanine (G_) with the smaller
pyrimidine bases cytosine (C) or thymine (T) form sterically well balanced base pairs.

The stable mismatch guam'-:e-thyuune has most of the above mentioned featurés except that

* both of these bases are imino proton donors. The other stable mismatch guaning-adenine

also has most of the above features except both of these bases are purines..

Among the ynstable mismatches T-T and C-T destabilise the duplexes more than A-A and
C-A do. This is probably due to the fact that the former include 'only pyrimidines which

 have a weak sté.ck‘ing effect to neighbouring bases, which results in an excessive distortion
of the helicat structure (Ikuta et al,, 1987). '

3.1.2 Theory of Hybridisation

’I’hé obiemivé of any hybridisation procedure is to optimise the signal and to reduce all the
unwanted background "noise”, This is aﬁhieved by employing hybridisation conditions that
favour the dissociation of unstable mismatches without disrupting perfect hybrids. One of
the major problers of va:ious hybridisation techniques that use syntheﬁc oligonuélcotides
is the lack of well described conditions for each oligonucleotide (Albretsen ef al,, 1988). The
formation of nucleic acid hybrids is a reversible process and an understanding of the pa-
rametefs which affect their stability enable one io deﬁve the obﬁma.l conditions fc;r discrim-~
inating between perfect and imperfect hybrids,

Methods for immobilising DINA. onto a solid support and for detecting the fixed nucleic acid
with a labelled probe are referred to as mixed phase hybridisation techniques (Meinkoth and
Wabl, 1984), Mixed phase hybridisatios technology was originally limited in its applications
by the inability to obtain diverse probes. Molecular cloning and organic synthesis have now
eliminaied this problem. | o

The Kinetics of hybridisation of mucleic acid probes with DNA tethered to a solid support
or free in solution s very similar (Meinkoth and Wakl, 1984). This suggests that parameters
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‘which affect nuclsic acid reannealing in solution will haye similar effects in mixed phase

s

systems, The rate of hybrid formation with single strarded probes shduld follow first order

kinetics if the concentration of probe is in vast excess over the target sequénoes."ﬁe optimal

‘temperature for hybridisation in solution " determined empirically and-usually found to be

between § and 20 degrees lower than the Tm of the duplex (T is the temperature at which
half of the hybrids are dissociated). The melting temperature is affected by. fonic strength,
base composition of the probe and the length of the shortest chain in the duplex. Duplex

_ stabﬂxty, between Strands with mismatched bases, is decmased accordmg to the number and

location of the mismatches - this eﬂ’ect is eSpccnally pronounced when using short

oligonucleotide as probes (Albretson et al., 1988),

Stringency is uéua]ly alt ed 'by adjusting the sali and:or temperature either during

hyBﬁdisation or in the posthybridisation’ washes. It is good technique to perform the’
hyhxidisatio.n at low stringency (lov«_r temperature and high ionic strength) and wash at pro-
gressively higher stringencies, analysing the results after each wash, This enables one to de-
tect related sequences and monitor f.he eﬂicacy of the washes in removing these sequences.
The ratio of the extent of hybridisation of perfect and mismatched duplexes is critically de-

“ | pendent on the stringency conditions at which hybridisation and washing are carried out. A

compromise must be reached between the higher stringencies required to achieve
dissociation of the mismatched duplexes and the lower stringencies needed to give the
greatest degree of sensitivity. '

3.1.3 Nonradioactive Hybridisation

Avoiding radicactivity and introducing nonradioactive detection has several inherent advan-
tages. Neither health risks nor disposal problems are encountered. The probes are stable (up
to one yea.r) and the hybridma.tmn solutions can be reused several times, allowing tor con-
venient planmng of experiments. No spemal Iabomtory facilities are required, The i mpmve-
ment in technology for detecting cold-labelied {nonradioactive) probes has increased their
degres of sensitivity, e detection with a chemiluminescent subsirate or by euzyme linked
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" colour reaction. All these factors, in addition to.the cost of radiaacﬁvityj?ave led to the ine
4

- creaws in use of nonradioactive probes.

Y.

There are several systems avallable fc:r nom-admacuvely labellmg prg/bes. 'I‘hﬁ system that is

chosen depends on the type of probe that is to be used, viz, whether an ohgnnucleot:de or
gene sequence is to be Iabelled Wh:chevzr the case one or more of the probe’s nucleotide
bases i8 labelled by attachment: of “reporter” molecule, Boehrmger Mannheim provides.
several sasy to use nonradioactive labelling kits which use a digoxigenin (DIG) modified
deoxyuridine triphosphate as the reporter molecule (Boehtinger Mannheim - The DIG
System User's Guide for Filter Hybedisation). The digoxigenin (steroid hapten) is linked

1o the modified uridine base via a spacer amm (Feinberg and Vogelstein, 1983), Large probes

{100 to 10 000 bp) can be efficiently labelied by random primed labelling. This procedure

~ uses the. Kienow enzyrhe to synthesise a labelled copy of the probe by.incorporating. one

- digoxi'geﬁin—dU'i‘P every 20-25 nucleotides. Synthetic oligonucleotides (14 to 100 nucleotides
' tong) are 3-end labelled with digoxigenin-ddUTP using terminal transferase. The hybridised
 probes are immuno-detected with an alkaline phosphatase conjugated anti-digorigenin
- antibody and then visualised with the colorid stric substrates Nitro Blue Tetrazolium (NBT)

and 5-bromo-4-chloro-3-indolyl phesphate (X-phosphate),

Blots or gels that have already been hybridised can be stipped of their probe and
rehybridised with another probe, This is a big advantage for lithop DNA digests, because
each dtgest can be probed several times with & diﬂ'etent sequence probe,

-'The digoxigenin system had to be shown to be effective for ohgonucleutxde (SQR) profiling

by showing that:
L. oligomucleotides could be efficiantly labelled and detected arid

2. reproducible hybridisation patterns could be generated either on blots, in gels or both,
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3.2 Materials and Methods
32,1 Oligonuclentide Synthesis and Purification

Four SQR uligonur.;leotides were synthesised using a Milligen Bjosearch Cyclone Plus I)NA _
synthesiser acbording to the manufacturer’s instructionss, viz. the two 15mers (TCC), and
(GTG) . and the two 16mers (GATA)¢ and (GACA) n The yield of oligonucleotide was
calenlated from the A g Units and the molar absorption coefficients of the bases using a
simple computer program (see appendix II). Newly synthesised oligonucleotides were puri-
fied from reSiﬂual salts by gel filtration chromatography; using a Sephadex G-15 colmnn
The samples were loaded a;nd eluted with water and the eluting species were detected by their

absorbance at 260 nn.
3.2:2 3-end Digoxigenin Labelling

100 pmol of oligonucleotide was added to 4 ul of reaction buffer (1M potassium cacodylate;

" 125 mM Tris-HCL BSA 1,25 mg/ml; pH 6,6) and 4 ul of 25 mM Cr.‘l'.‘l2 solution. 1 u) of
I mM DIG-ddUTP solution and 1 wl of terminal transferase were added and the volume

was made up to 20 ul with water, Thi+ mixture was incubated at 37° C for 15 minutes and
then pl.aced on ice. The reaction was stopped by the addition of 2 w1 of glycogen solution
(a 20 mg/ml solution dituted 1 in 200 with 0,2 M EDTA), The labelled oligonucleotides were
precipitated with 75 ul prechilled ethanol and 2,5 wl of 4 M LiCl. After being left for at ieast
2 hours at «20: C the mixture was centrifuged at 12 00C 3 and the resultant pellet was washed
with 50 u! cold 70% ethanol. The pellet was dried and resuspended in 20 ul water.

The eﬁic:ie.::u:jr of detecting labelled oligonucleotides bound to ngloﬁ membraries was comn-
pared to that of larger DNA probes because small DNA fragments were thbugh't to bind to
these membranes less effectively. This was dene by dot biot comparison of a standard Y-end
fabelled 30mer (Boehringer Mannheim DIG Oligonucleotide ¥-Enid Labelling Kit) with a

standasd random labelled probe (Boshrings: Mannheim DNA Labelting and Detection Kit
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Nouradioactive). A 3 fold, stepwise dilution series of the random labelled and end labelfled
probes, containing equal quagtities of label, were prepared and spotted ontc « nylon mem-
brane, The diluted probes were fixed to the nylon by cross-linking with UV tight and the

colour was developed (as described below). The efficiency of Iabelling the synthetic

oligonucleotides was then checked by dot blot comparison with the standard Iabelled 30mer

" oligonucleotide.

3.2.3 Restriction Digestion and Blectrophoresis

10 g of lithop genomic DNA was résteiction digested with EcoR 1 avernight at 37 C before
electrophoresis. '

Gel electrophoresis was carried out m a mi:_;}gel apparatus as described by Maniatis et al.

_(19_82). Samples were mixed with a loading solution containing 7% sucrose and 0.0_25%
_ xylene eyanol and bromophenol blue before loading into the gel. A 0,6% agarose gel was

run at 70 V for 2 hours. TAE buffer (40 mM Tris-acetate; | mM EDTA, pH B,0) was used
as the running buffer during slectrophoresis. Nucleic acids were visualised by \thidiwm
bromide fluorescence under a £V tight source. Longer agarpse gels were also run using the

same runuing conditions.
3.2.4 Hybridisation

After electrophoresis hybridisation was first tried with the restriction digested lithop DNA |
immobilised in the dried agarose gel, The gel was dried under vacuum and denatured in 0,5
M NaOH; 1,5 M NaCl for 1 hour, This was followed by neutralisation in 0,5 M Tris-HCI
(pH 7,5); 2,5 M NaCl for 30 minutes, Hybridisation was carried out over_:ﬁght with the la-
belled oligonucleotide in 5xSSPE (0,75 M NaCl; 50 mM NaH, 1='0'4 and 5 ;M EDTA pH
7:4), 5 Denhardt’s solution with 0,5% SDS at the required hybridisation temperature.
Probes that gave scoreable patterns were rehybridised to restriction digested lithop DNA
which had been .un in a longer agarose gel and Southern biotted onto a nylon membrane.
The membrane was equilibrated in 5x88C (0,9 M NaCl; 0,09 M sodium citrate pH 7,0) for
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5 minutes. The hybriditation selution (5%SSPE: 5K Denhardt's solutions; 0,1% SDS and 10

ugiml E.'-.(;axi DNA) was prewarmed to the corvect hybridisation temperature} - -

kM

The hybridisatios temperﬁ*'-‘ . ﬁat was used epends on thé-hielﬁng temperature (Tm) of
* the cligonucleotide pré  Swas calculateu from the pmbe 5 sequeuce using the formula.

“[m 2(A+T) + 4(G+C)

' 'I'he firtal hybnchsamaon temperature was taken a8 Tm - 15° C The gel}membr&ne was placed
" into a plastic bag \_mth hybridisation solution and 40 pmol of DIG labelled oligoniticleotide o

per miliitre of hybridisation solution and hybridised overnight. The hybridisation solution

_ was decanted and stored at -20° C. The gel/membrane was washed 3 titaes for 30-winutes

in 6x85C at room temperature and theﬂ once in 6xSSC at the hybridisatidﬁ temperature,
Nio prehybridisatinn or cartier DNA was required for in-ge) hybridisation (Pena et al,, 1991).

3.2.5 Detecting the Nonradioactive Signal

The gels/filters were washed in bufer 1 (0,1 M Tris-HCI, 0,15 M NaCl pH 7,5). Filters were

incubated for 30 minutes in buffer 2 (0,5% blocking reagent in buffer 1), The anti-
digoxigenin antibody-conjugate was difuted to 150 mUfm! and incubated with the gel/filters
éfter washing 'ih.buﬂ.‘er 1 for 30 minutes. The ¢olour signal was dévelup_ed using NBT and
X-phosphate in 0,1 M Tris-HCL; 0,1 M NaCl and 50 mM Mgcg pH 9,5. This colour re-
action was stopped by washing in 10 mM Tris-HCl and { mM EDTA pH 8 for 5 minutes,
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3.3 Resules

3.3.1 Purifying Sycthetic Oligonunicotides by Gel Filtration

1 A unit of oligonucleotide was loaded onto the column and the yield of A__ units ro-
covered in each fractioned was expressed ag a percentage of this. 95% of the Azga usiits
loaded onto the column eluted in the void volume fraction, this is the oligonucleotids frac-
tion, The remainder of the Am uhits are residual “contaminants” which are distributed

amongst three remaining elution zones (see figure 7).

3.3.2 Labelling Efficiency

Short oligonucleotides were found to bind to nylon membranes very inefficiently, When

equivalent quantities of mgemgemn labsed, from the random primed and 8 fold diluted end
labelled standards, were blotted onto a nylon membrane the 3end Iabelled 30mer stained
vary Weé.kly in. comparison to the random primed labelled (RP) probe (sec panel A ﬁf figute
8). i the RP probe is diluted further then only after a 3% or 6561 fold dilution, is the sensi-
tivity of the RP compatable with the 8 fold diluted end labelled 30mer {see panel B of figure
8), 1. a 800 fold dilution of the RP siandard should have a sinilar staining intensity to the
undiluted 30mr. § found that even after a 800 fold dilution of the RP stardard it was da-
tected with 3 times more sfficiency over the undiluted 30mer, ie. a comibined staining dif-
forence of about 2400 (see figure 9). This is believed to be an estimate of the differential
affinity of the probus for the nylon. To try to improve the low binding affinity of the 3mer
for the nylon severa) pretreated moembranes were used. However, there was no. significant
increase in the retention and subsequent detection of the 30mer when compared to the un-
treated membrane (see figure 10),

Labelling cfficiency is usvally determined by dot blot comparisons made Between a newly
tabelled probe and a standard wbelled probe. Buehringer suggest using dot blot vomparison
with their standard end labelled 30mer to determine the labelling efficiency of other end la-
belled oligonucleotidss, Given the fact that the binding affinity of an oligonucleotide for a
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" nylon membrana is related to xts size one ca:mot estimate the Iabelhrl\g eﬁc:ency of 15 and

16mers from the staining mtensuy of a 30mer because they may not bind to the nylon

* membrane with the same eﬁic;ency (see ﬁgure 11).

3.3.3 -Hyhridisation

“The hybridisation duplex between a probe and its complementary sequence can be

destabilised in solutions of low jonic strength (high stringency). Colour development takes

‘place after the prescribed stringency washes have been done and a weak signal may be caused

by the low _ion.ic. strength buffers (see Materials and Methods) used during this procedure,
Simply raising the salt concentration of these buffers is not the solution because the
colorimettic substrates NBT and X-phosphate béoome msolubie above 0,2 M NaCl, A
staining agar, .a:- suggested by Epplen (1992) and Bierwerth et al, {1992), can be used to
prevent these substrates from precipitating in buffers containing salt concentrations greﬁter
than 0,2 M. When the salt concentration, used. during colour development, is increased 9
fold a stronger signal is detacted because the oligonucleotide/template hybrid.is stabilised (see
figure 12), | |

OF the four SQR sequence probes described by Welsing ef al, (1991) only (TCC), gave a
resolvable hybrisation pattern with EcoR1 digested lithop DNA immobilised in a dried

" agarose gel (see figure 13). When the DIG labelled ('r*cuc)s oligonucleotide was hybridised

10 a Southern blot of EcoR 1 digested lithop DNA only a high molecular weight smear was
seen {see figure 14).
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Figure 7: Purification of 1 Azso unit of oligonucleotide (TCC), through Sephadex G-13.

Other oligonucleotides were also purified from cesidnal *blocking” groups by gel filtration

chromatography through Sephadex Gls.
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F_igutc 8: Dot blot of 3-end labelled 30mes and standard random primed (RP) labelled
probe. The concenteation of DIG in the end labelled 30mer is 2,5 pmolful. This is 8 fold
! more than that of the random primed labelled probe which is about 0,3 prmol/ul (assummg
: © _ the rate of DIG-dUTP incorporation 1o be | in every 22 bases), i.c. the 30mer was first di-
: L\w luted 8 fold. Panel A) dot blot of RP an_d ¥-end labelled probes and panel B) dilution series_

of RP probe.
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dilution factor

| Figore 9: Dot blot of undiluted 30mer and 800x diluted random primed _Standa'rd. Panels
A and B both show that aithough there is an improved cotelation between the two dilution
series, the RP standard is still 3 fold more sensitive than the 0mer.

42

[ D MR o U - MRS




B
¢
i
i
o
r o
[
o
'
e
i
B
.
t

H Lo R LT oo . o -

2l

dilution factor

Figure 10: Pretreatment. of nylon membrages to improve the binding efficiency of
oligonucleotides, The nylon membranes were first soaked in BSA (panel A), gelatin {panel
B) and herring sperm DNA (panel C) before crdss-linldng the 30mer to the nyloa meta~
brane, BM pommly charged nylon membrane was alse: used (panel D). Panel E) is ihe

unteeated control membrane.
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Figure ll:'. Dot blot of 3'~end Jabelied synthetic ohgo:mcleunde and 30mer end-labelled
standard, Thers appears to be a 3 fold difference in sensitivity between the standard 30mer
and the newly labelled oligonucleotide, ie. 33% labelling efficiency.
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Figure 12: In-gel hybridisation of the standard labelled J0mer to its complementary sequence
in the pUC)8 plasmid, Two in-gel hybridisation reactions were carried out, The signals were
detocted separately vsing 0,1 M NaCl in the detection buffers as originally cutlined by
Boehringer (gl A) and using 0,9 M NaClin a stainin;, sgar as suggested by Epplen (1992)
and Bierwerth et . (1992) (gel B). ‘The colorimetric substrates NBT and X-phosphato are
dissolved in the staining agar (see appendix 11f), | -
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Fige 14 Hybridisstion of DIG-(TCC), to EcoRl digested lihop DNA.  Afer
electrophoresis on a 14 cm long agarose gel the digested sithop DNA was Scuthern blotted
and cross-linked onfo a nylon membrane (Southern, 1975). Hybridisation with 3-end la. -
belle& .DIG«(TCC):i was carried out at 35* C overnight and the colour was developed using -
a staining agar. Lambxla molecular weight markers (marker Il Boehringer Mannheim) were

- random primed labelled and self hybridiséd after Southern blotting,
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3.4 Discussion
3.4.1 Quuntifying and Purifying Ofigonucleotides

It has been published that 20 ﬁg of a single strénded DNA oligonucleotide is cquivalent to
1 Am_uﬁh '(Maniatis et af,, 1932). This is_ moon'ect because the actual number of rmcro-
grams of oligonucleotide per Afean unit should be ealculated using the molar absorption co- -
efficients of the DNA bases, at 260 nm, and from the relative proportion of each case in the

oligonucieotide. The amount cf 6ligonucleotide has to be precisely calculated bevre one can

_— proceed with the labelling and hybridisation reactions because they require specified quan-
' tities of oligonucleotide,

Residual blockit.; groups, which absorb at 260 nm, will interfere in Azm. estimates of the

amount of oligonucleotide. Removal of these “contaminants” will improve the determination

.

U _ of the asr-wat of oligonucleotide. Oligonucleotides can be fractivnated into the void volume
.o by gel filtr’ 6 chromatography using a smalt 1 mi Sephadex (15 column, This is actually
- a desalting or more specifically a group separation procedure. The purity of the
oligonuclectide can, be calculated from the resultant elutisoﬁ profile by measuring the number
of A %0 units eluted in the void volume fraction and expressing it as a frastlon of the total
A %00 units loaded onto the column. The oligonucleotides were found to be 95% pure (see

figure 7) and could be used in Libelling and hybridisation reactions without any purification,

- 3.4.2 Labelling Eficiency
B There is a marked difference between the detection of the DIG RP and the end labelled v -
¢ 30mer prsbes (sce figures 8 and 9). This was belisved to be the sesult of the low efficiency ok
with which small oligonucieotides were bound to the .nylon membranes, even after cross- % .
L 1 | linking wit UV fight. In an effott to reduce the effective pore size of the membranes and ' 1. ’é .
*> o : so facilitate ihe retennon of oligonucleotides, the imembranes were pretreated by soaking in . %
: gelatin; hetring sperm DNA. or bovine serum albumin (BSA) before the oligonuclectides 53
k\m - were aj:pliéd. Poritively charged BM nylon membrane was also tried, but no increase in the __ ig |
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retention of the 30tner could be seen when comparisons were made with the untreated, or- |
_ dmary v lon membrane (see figure 10). The reason for the decreased retention of the 30mer

is now kaown to be the result of the low bmdmg affinity of short ohgonucleot:des for nyion
membranes (Boehringer Mannheim - personal -commumca,tions}

Gwen this anomalmm behav:our I declded thnt it wag mposslble c‘alculate_the labelling
efficiency of the short, synthetic 15 and 16mer SQR oligonucleotides by dot blot comparison

with the standard labelled 30rmer because they will have an rven lo'der affinity for nylon
mermbranes than the standard end labelled Hmer (see figure 11)

3.4,3 Hybridisation o 3
Short duplexes, uke the - ligopuleotide-DNA hybrids, are knows to be relatively unstable

even, & |5 dujrees belov their melting temperature. The stringency washes are carried out

with increasing temperature, but at a high salt concentration. The irmﬁunological colour

dstection procedure, prescribed by Boehjinger Mannheim, uses a relatively low salt con-

ceatration in the detection buffers (0,1 M NaCl). This has thr. effect of introducing a low salt, .
high stringency, wash duting colour development after the reqt_ﬁimd stringency washes have
boen dons, Given the inherently low stability of the oligomucleotide-DNA hybsids we might
expect most (if ot all) of these duplexes to denature under these high stringency conditions,
Zischler et al. (1991) recoramend the use of buffers with higher salt concentrations 0,9 M-

_NaCI) during colour development, The colotimetric substrates NBT and X-phosphate,

which are ingsoluble in solutions with salt concentrations above 0,2 M can be prevented from
precipitating in 0,9 M NaCl solutions by usinga st & Agar 10 develop the coloured signal,

The improvement in signal detection, using the higher salt concentration, is evident when

the standard SOm_er. is hybridised to its complementary sequence in the pUCIS plaszmd
which was immobilised in a mini agarose gel (see figure 12).

Toue to the fact chat there are no lithop DNA sequence data available, four synthetic
oligonusteotides (like those used by Weising er al,, 1991) were synthesised to be uaed as
potential SQR probes. Bach of these oligonuclectides was 3~end DIG labelled and
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hybridised 16 EcoR1 digested tithop DNA, immobilised in a mini-agarose gel (see figure 13). |/
Out of the four sequences used, viz. (TCC), '(GACA}" : '-'(tiATA) and (G“I‘Gj ,only ;j '
. . (TCC) appeared (1) generate a distinctive pattem after the 4trmgency washes in 6x88C at '
o ' toom temperatire and at the hybndmatmn tempemture : s

. The abii_.lity to obtain # distinctive banding paftem depends not only on the resolving power
of e agaross gel, but also on its longth. Many DNA polymorphissms may be of similar
length (Lander, 1989) and so the miniget apparatus is not shitable for analytical profiling,
Jeffreys et al (1985) used a 14 om long, 0,6% agarose gl to resolve restriction site

polymotphisms. it was hoped that the pattern seen with (TCC), could be improved upon
if a longer gel was used. The EcoR1 digested lithop DNA was run on & 14 cm agarose gel
and the hybnd:sanon with DIG-(TC(‘) was repeated with a S‘outnEm blot of this gel

e .

However, only a hlgh molecula: wexght smear could be seen after the ooiour was develnped

. (seefigure 14y,

A &
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Lommerclally available DN.A synttiesisers will produce relatwely pure ohgonuclecndes, after

- deprotecuon procedures. Gel filtration chromatography, using Sephadex G15, can be used :
to purify synthesxsed ohgonucleotxdes from tesidual “blocking” groups which interfere mar-
~ ginally in A estimations, The aumber of micrograms of oligonucleotide rcpresented by 1

A unit is beat calenlated using the relatwe pmpomm of each deoxynbcnucleoudc base . -

and its. correspondmg molar absorptmn coefficient ot 260 nm,

Oligonucleotia s are usually end labelled because this does not hitre.-._iuce @icessive steric
disruptions during the formation of oligonucleotide; DNA, hybrids. The efficiency of the
3-end DIG labelling of the SQR probes was found to be at least 33% by dot biot compar-

ison with-a standard labelled 30mer. However, this is by no means conclusive because the

‘15 and 16mers, that were labelled, have a lower binding affinity for nylon membranes than

the 30mer.

~ Four different SQR oligonucieotides {used with some success by Weising et al. (1991) on
different plant species) were hybridised to EcoR1 restriction cigested lithop DNA, but none

generaied a distingi.ﬁshable profile pattern, Ne\rerlhﬂles:;, minigels can be used as a prelimi-
nafy in-'g:el hybridisation stmwgy for iesting which combinations of probe and digested,
genomic DNA will geperate informative profile patterns. This is a fast and informative
strategy, especta]‘y when several probes have to be test@d. because each in-gel digest can be
stripped of its probe and rehybndlsed with several dlfferent probes. Once a suitable combx-
nation hag been chosen, then the eaperimenter. can use 2 longer gel for analytical purposes,
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- CHAPTER 4

4 DNA AMPLIFICATION FINGERPRINTING (DAF)

4.1 introduction

The polymerase chain reaction (PCR ~ for which its inventor, Kary Mullis, recently won the

- Nobel prize fﬁQ.Chemistry) has become a powerful tool in molecular biology because it en-
-ables one to amplify thousands of copies of 2 specified DNA sequence (usually 100 to 2000

bases long) using a thermostable DNA pd;_ymerase. The atnplification is directed by
oligonucleotide primers which are complemen. ry to the regions flanking the sequence that

is to be amplified, These oligonucleotides must bind on opposite strands with their 3'-ends

facing each other, ie. there is a defined gebmetrjf or otientation that must be satisfied for

amplification.

The PCR is a cyclical .pronedure meade up of three distinct stages. Hach stage is characterised
by the temperature at which it occurs (Gibbs, 1990). The first is a high temperatuy + (96° C)
stage which results in the melting of the double ﬁmnded template DNA., The secoﬁﬂ is a low
temperature (usually 45 to 60° C) stage which allows the primers to anneal to complemen-
tary sites on the single stranded ?emphie. Finally during the last stage the enzyme anchors
fo the primer-template duplexes and extends each chain in one dirsction oaly, viz, ' o 3.
This final stage is céxried out at 72° C which is the optimal temperature for the thermostable
enzyme. The overall procedure is usually repeated 30 to 50 timies using a programmable
theunbcycler. Once a sequence has been copied from the template, it will serve as an
intermediate template during the next round of replication, i.e. once a DNA sequence has
been copied, the copy will be copisd and so on (Newbury and Ford-Lloyd, 1993), In this
way the sequence defined by the two primers will accrue exponentially, This technique has

‘also helped to shape new approaches towards DNA profiling,




Rassmann et af. (1991) have described how PCR can be used to detect length
polymorphisms by exploiting the hypervariability within the short, simple sequence stretches
and SQRs. Oligonucleotide primers, which are complementary to the DNA flanking simple

sequence stretches, are used to direct the amplification of these regions from the genomic

DNA template, The ampiiﬁad products are then resolved on a suitable polyacrylamide gel.
Alleles that have different copy numbers of the basic mpeat sequence will have different
mobilities on the gel. If the oligbnﬁcleotide primers flank régions of different length then _oné
can test several loci'MMtahguusly on the same gel, thus exploiﬁng_ the advantages of
multilocus probing (outlined in chapter 1), The lenpgth polymorphisms detecfed it this
manner are referred to as émpliﬂed fragment length polymorphisms (AFL.Ps). AFLPs are

- only useful for defined polymorphic loci for which the sequences of tle conserved flanking

regions are known,

Anothier DNA profiling technique that makes use of PCR technology is DNA ampliﬁcation
fingerprinting {DAF) which is also known as the RAPD (random amplified polymorphic
DNA) assay. This technique was first outlined by Willizms et af. {1990) and Welsh e! a/.
(1990) and later by Caetano-Anolles et al. (3991). The DAF strategy involves the enzymic
amplification of DNA directed by a single arbitrary sequence oligonuclectide primer
(Ba.sam et ai, 1992), These oligonucleotides prime DNA synthiesis from genomic sites to
which they are fortuitouély matched, or aimost matched, The reaction produces a spectrum
of amplified DNA products, some of which are polymorphic, that are characieristic of the
template DNA. DAF products are resolved by polyacrylamide gel electrophoresis and
visualised by silver staining, | '

Unlike PCR, DAI'-' relies on non-stringent reaction conditions for the amplification of arbi-
trary target sites. Thus DAF is ooncepmally and mechanistically distinct from the PCR
procedure. It represents a spec’al in vitro réaclinn in which the oliéonucleotida primers are
50 short that thejr are thought to approach the functional fimits for priming DNA amplifi-
cation (Caetano-Anolles ef al., 1992). DAF is an attractive alternative for generating DNA
profiles because it does not réquire any prior sequence knﬁwled’g& of the orgarism, Fur-
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. Unlike PCR, where the primers are designed to meet this requiremnent, the single primer used.
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thermore, because the method is based on PCR, only sma]l quantities of genouuc DNA are

required,

4.1.1 Molecuiar Mechanism of DAF

I'he molecular nature of the DNA polymorpmsm detcctcd in the DAF assay is thought 1o
be due to pnmer binding and otientation, As in the PCR, a DNA sequence can only be
amphﬁed if two primers hybridise o opposite strarids with their 3"-ends facing each other.

in DAF can have one of four possible otientations. However only one will support ampli-
fication of its target sequence, viz. a single primer will support DNA amplification from a

genomic template or’ . binding sites on opposite strands of the template exist within a

distance that can be traversed by the DNA polymerase (Baird el al,, 1992) I have called this
the critical distance (C ).
Amplification is dependent on. three factorst |

1 the fomﬁon of stable oligonucleotide-template hybrids to which the polymerase can
anchor and extend, '

2. binding and orientation of the primers, on opposite strands, within the critical distande.
(C, ) and

3. the binding stability of the hybridised oligonucleotide.

If two primer binding sites have 100% homology, but they are in the incorrect orientation
or they are further apart than C‘1 , then the region that they border will not be exponentially
amplified. If two potentit‘.i binding sites are in the correct onientation and within the C , but
they form unstable hybnds then the sequence that thay border will not be amplified. The
ptimers are extended from their 3-ends and, not surpnsingly, mismatches in this region are

‘believed 10 be more disruptive to primer extension than those at the 5-end.




At sufficiently .low temperatures (low stringency), pﬁmei’s will anneal to many sequences
with various mismatches some of which wilt be stable. DAF primers usually have a high
GC rontent (at least 60%) that will enhance the formation of stable mismatched hybrids,
.Furthénnore, guanine forms stabla mismatches fvith.adenine and thymine (see Introduction,
chapter 3). If two stable anncaling sites are within the critical distance to suppost mplifi-
cation and on opposite st;aﬁds then the sequence between thiose primers can be citifed
(Welsh et al, 1990). The extent to which sequences will be amplified will depend ou the
efﬁcie'ncy of priming at each pait of primer annealing sites and the efficiency of primer ex-
tension. DDAF profiles are composed of bands of varying intensity that may result from
prc.ducts beiag amplified to varying extents. ‘Fhos_g produets that are weakly amplified could
result from the weaker nusmatch annealing of the prixner to one or both of the target sites
deﬁzﬁng a product. More intense products could arise because they .are present in a higher
copy number. During the initial rounds of amplificaﬁon, template conformations which

cause steric hindrance of annealing and/or primer extension may also affect product vield,
4.1.2 Primer Binding during DAF

The hybridisation i:attems detected on Southern blots or in gels depend on the specific
binding of a.gi\?an probe to its cdmplementa.ry‘ seqqéncefs in the restriction digested target
DNA. In much the same way DAF patterns depend on the stable binding of 2 primer to a
site on the femplate DNA to direct amplification, Several factors affect the efficiency with
which a particular DNA t tget is arnplified, viz. the number and location of primer template -
mismatches, their stability at various annealing and extepsion temperatures and the efﬁcmcy
with which the polymerase can recognise and extend mismatched primer-template duplexes,
The length of the primer, the template’s conformation and the reaction conditions can affect
the kinetics of duplex formation (between primer and template) and thus influence the effi-
cacy with which a particular genomic site is amplified. Not all targeted sites are equally well
amplified, some “amplicous” are amplified preferentially, This implies that while primer-
teroplate sequence homology defines a set of possible amplification sites there are other
factors that act either during primer annealing, enzyme anchoring or elsewhere in the am-
pﬁﬁcatioﬁ process that can restriot amplification. Onge extension from a primer ucéurs, the
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resultant pmdu&s (and their complerments) have termini that are defined by the sequence
of the primer, i.e. their ends are perfectly complementary,

| DNA amplif-catioﬁ is modulated at two levels. In the first, the selection: of target sequences

for amplification is determined by the sequence of the primer and the reaction conditioas.
During the first few cy"les the prlmer *screens” for possible DNA targets and anneals to
mmany of them. In this early stage annealing events will include certain stable primer-template

mismatches. Primer annealing is followed by enzyme anchoring and primer extension. _

1 herefore, during the first few rounds a subset of many possible target sites are selected to
produce a defined population of amplification products. These products are efficiently am-
plified because their terminal sequences are perfectly complementa.ry to the sequence of the
primer. Intemal sequences of some ‘target regions and their products, which have a tendency
to form'swondary strw;mms. may hinder the availability of their annealing sites and lower
the efficiency with which they are amplified (Castano-Anolles et al, 1992).

The differential extent to which an amplification product is further amnplified constitutes the
second level of modulation. Amplification products initiated by a single primer share the
particular chiracteristic of having terminal symmetry at least as long as the primer itself,
‘These products can form secondary hairpin loop structures. In certain fragments symmetry
ﬁmy extend iito internal regions thereby stabilising these hairpin structures, For efficient
amplification of such products to occur the primer must displace these hairpin loop com-
plexes long enougﬁ o .a]low the DNA polymerase io anchor and stabilise the duplex for
strand extension. The exient of hairpin loop structure interference will be variable for each
fragment, allowing some fragments to be preferentiaily amplified,

4,13 Estimating the Number of Amplification Products

Calculating the expected number of a;mpliﬁcation producis is complex. Theoretically, the
number of perfect hybrids (N) of an oligonucleotide of length (L) to a single stranded tom-
plate of complexity (C) having a random sequence distribution will be given by the equation
(Bussam et af,, 1952); '
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N = (029)" x2C
However, sequence distribution is not random and onljr a fraction of the expected sites will
ocour within the range suitable for amplification, Le. within Cd. Of these sites only about a
quarter will anneal with  priters on. opposits strands with their 3"-ends facing each other.
'l’hes.e considerations reduce the number of bonatide products dramxhea]ly Amplification

- products can arise from mismatched annealmgevents Allowing singls basg mismatches at

all positions in 2 heptamer would produce 21 times more annealing sites, but this number
is. greatly reduced because .mismatchés are dnly tolerated at t_he 5%-gnd of the duplex (Bassam
¢t al., 1992). ' '

It is crucial that al} potential sies are efficiently amplified during the first few rounds of

amplification because any regions that are not will not be stoichiometrically represented in

later rouh’ds.
4.1.4 Silver Staining DNA in Acrylamide Gels

Merril e al, (1981) were one of the first to establish a protocol for the staining of protems
with silver. Silver was found to bi»d to proteins under acidic conditions. Image development
requires a change in pH which causes the fdrmation of insoluble silver salis (Blum ef af,
1987). Early protocols using silver nitrate often used oxidising agents in a pretreatroent to
prevent adventitious silver jon reduction in the gel (Heukeshoven and Dernick, 1985), More
recent protocols use reducing sgents {like thiosulfate) which are believed to enhance the
formation of the silver image (Blum et al., 1987 and Rabilloud, 1992), Beidler et al. (1982)
have described a procedure for silver staining nucleic acids which is based on the original
protein stain developed by Merril, Nucleic acids ate detected photochemically when silver
ions bind fo the basés and are then selectively r’educed chemically e.g. with fonnaldehyde.

Although the mechanism involved in silver staining is still unclear, various authors have tried
to optimise this technique for staining DNA, Bassam et al. {1991} have described a fast and
sensitive procedure for silfer staining DNA in polyacrylamide gels. This procedure uses
formaldehyde to feduce silver ions to mesallic silver .u'nder aikaline conditions without the
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. need for any ptetreatment. Thiosiilfate is used during image deve'lop;l;m, as 2ecommended
by Blum et al. (1987), to prevent the formatmn of msolubie silver salts in the developer.
This protocel was used successfully by Bassam et al, (199;, to ..na.lyse the DNA bandmg _
patterns generated during DAF on polyacrylamide gels containing 7 M urea,

I T

 4.1.5 Nature of DAF Polymorphisms

On the faee. of it DAF is an unigue and powerful technique for studying DNA
polymorphisms which are detected as mobility diﬂ'erences in polyacrylamide. gels. This
v : technique has been used to pmﬁie a wide array of orgaﬁisms to confirm the phylogenetic. ' o
: relatio’n_ships between species e.g. mosquitoes (Ballinger-Crabtree et al,, 1992), whe.ét aphids |
' (Puterka et al.,, 1993), oel?ry cultivars (Yang and Quiros, 1993) and schisfos_ome parasites
' (‘?ﬁcto et al., 1993). DAF has also been used m related fields such as pedigree assessment in
g ' | cereal .-cmps {Dweikat et al., 1993) and as genetic markers for disease resistance loci {Barua
in T et al., 1993). Thacker (1994) used DAF to distinguish be*ween mouse and hamster cell lines,
Differences between species are calculated on the basis of band sharing irequencies, much
fike in the case of RFLPs,

: 7»_ - | Unlike RFLPs, DAF products do not represent specific sef{uences or alleles, they are merely
a collection of forh:itously:ampliﬂed products of different sizes. Furthermore, DAF products
r._-._" ' - are ‘ominant “alleles” and so it is im;iossible to determine whether an individual is homo

or heterozygous for that "alleie” (Williams ef af,, 1990). What then is the nature of the

: /w polymorphisms detecied in this procedure?
The spectrum of DAF products are the result of the extent to which a primer will rec. “nise

primer-template duplex is formed in an otientation that will support amphﬁcatmn DNA

|

|

| 1

and bind to potential rites on the template DNA. A product will only be smplified if a stable : (
' |

polymorphisms that affect either the stability of the duplexes (e.g. base change mutations)
or their orlentation (e.g. insertion or deletion mutations) will change the spectrum of pro- o
ducts which ars ampilified, "This will be reflected by differences in the electrophoretic mi- | ‘




gration pattem, viz. some bat ay dlsappear "new” bands may appear or there may be
a change in the efficiency with which a product is amplified and detected.

Given the random nature of this procedure it is possible that when comparing i.wc_i séacies .
- distinct products may have the same or similar mobilities quite by chance. Although the
probability of this scems rather low, no st#.tisti_cal evidencs has been published to suggest that

it is. Kacmmer et al. (1992) emnloyed a novel approa¢h in their work _bn' differentiating
banana culivars. They used D, orofiles directed by an arbltrary seqnencé {0mer j0 vetify
the identity of cultivars that had been established from RFLP patterns. Genetic identity was

* scored on the basis of band sharing fiequencies, Furthermore, they concluded that the two

techniques uséd in tandem complemented each other sceause DAF could be used to score
smailer DNA {ragments and RFLPs for larger ones, . '

I have independently been told by Dr.'s S. Grant (University of the Witwaterssand) and E.
Hasley (University of Cape Town) that DAF data would not be statistically ﬁguiﬁcant, on
its own, to ascertain the phylogenetic relatedness of species of lithops, Therefore, I plahned
to follow a similar strategy to that outlined by Kaemmer ef dl. (1992) by using SQR pro-
filing to confirm the phyiogenp’tié relationships of lithops establishe& by DAF. Howwer_, the
fact that none of the SQR sequences described by Weising ef al. (1991) had given interpre-
table patierns meant that this strategy would have to be altered.

A DAF prodqct, purified from an acrylamide gel, can be labelled and used as a probe for
Southern blots (Weaver ¢/ @l., 1994). In an adaptation of this technique a DAF prodnct can
be used to probe a restriction digest of lithop DNA in a RFLP type analysis. Soch a probe
would consist of iwo short regions complementary to the DAF primer, which flank 2 DNA
sequence that has been copied from the lithop template. The lthop DNA can be sequenced

and used to probe restriction digests of other fithop species. Some of these alleles may prove

to be polymorphic and therefore useful for profiling lithops. To pursue this type of analysis
a reproducible DAF procedure has to be developed. This means establishing a standard set
of DAF reactio.: conditions that define the amounts of templee, primer and MgCl2 . DAR
profiles must be reproducible with different DNA preparations of the same species. DAF
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::?:....5 _ - i Cagtano- Anolles el af (1991} mmrporated '? M urea in thmr polyacrylamde gels ‘to analyse

- proﬁles produced on separate PCR machines in different laboratnnea should be cons:,stent

30 that mmpansons cant be made between laboratones

~ their DAF proﬁlns This initially suggested to m that their DAF praducts were aualysed
- as single and npt double stranded .DNA fragments under denamnng-electrophorem.
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4.2 Materials and Methods

4.2.1 Electrophoresis

Contintious polyacrylamide gel elactm;:hores:s was cartied out ina verucal gel apparatus,

| using glass plales 15 cm long and 16,3 em w1de as descnbed by Maniatis et al, (1982). Ths
- glase plates were first well cleaned with ethanol, The notched and unnotched plates were

then separately handled. The noiched plate was treawd with Repelsilane (2% wiv
dimethyldichlorosilane in 11,1 trichlorosthane) and the ummotched, backing plate was

treated with a Bindsilane solulic_:r_: (1 1l Bindsilane; 5 ml ethanol; 10 ul acetic acid and 150

' il water). Afier aﬂowi.ng the plates to dry they were _wiped of residual silane before being

- assembled. Thin spacers (0,5 mm thick) were vsed as recommended by Caetano-Anolles ef -

al, {1991). Spacers were placed aiong the sides of the gel assembly and the system was held-
in place with masking tape and miniclamps (no spacer was placed along the bottom of the

e

10 ml of a 5% gel mixture was made up with 1,7 ml 30% acrylamide:bisacrylamide (29:1);
0,2 ml 3% ammeonivm persulphate; 1 ml TBE buffer (0,09 M Tris bas, 4,09 M bori:; apid
and 2 mM EDTA pH 8,0); 4,2 g of urea and .?,1 ml of water, 10 ul of TEMED was added
to the gel mixture ahd it was poured in between the 'plates. A comb was m.serted at the top

of the gel mixture to form the wells and the gel was left to polymerise.

After polymerisation the miniclamps and the masking tape were removed and the gel was
fastened into » vertical electrophoresis tank containing TBE running buffer. The conib was
removed and the wells were washed out with the running buffer. The samples were first

' mixed with an equal volume of loading solution (10 M urea and 0,02% xylene cyanio] and

bromophenol blue) before loading them into the washed wells. Electrophoresis was per-
formed at 200V until the bromophenol blue had moved to within 1 cm of the edge of the
gel. Some samples were loaded after being boiled for 5 minutes to ensure that they were
denatured, while others were Ioa.ded uaboiled. |
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4.2 Silver Staining

The procedure used for lver staining was based on that deseribed by Bassam et al. (1991) S

After electrophores:s the gel plates were removed from the tank and the side spacers were _
removed. T glass plates were carefully separated - the backing plate should retain the gel.
The baakmg plate was placeql gel side up into 10% acetic acxd for about § mmutes. Acetic
acid was remqved by soakmg the gel i u_1 water___l_for about 30 mirtutes, The _ggl.was then
impregnated with freshly prepared silver stam t,b..?f g silver nitrate, 6,4 ml 35% formaldéhyde
made up-to 250 ' with water) for 30 minutes. The gel was washed in water for | minute
before the stain was de\?eloped in de :'a:::r_solutibn (U4 ml 35% fomﬂdeﬁyde, 5 .ulz 0,1:
gl sodium thiosulfate made up to 2_SU'n1'l_.wi1_‘-h 3¢ g/l sodium carbonate soh.ltion)f The
resction was.stoﬁped after 510 8 minutes by placmg the gel in about 500 mml of .wate_r. The
gel was left to soak in water overnight before it was allowed to dry.

423 DAF

The procedure of Williams e? al. (1990) who had generated DAF profiles of human DNA
with primer ACGGTACACT was initially repiicated. DAF reaction was carried out in 10

" mM Tris-HC} pH 8,3, 50 mM KCJ, 2 mM Mgcil2 , 0,001% gelatin, 0,5% (v/v) Tween 20,

100 uM of each dNTPE, 0,2 1M primer, 25 ng genomic DNA and was made up to 24 ui
with water. The reaction snixture was overiaid with 30 1l of mineral vil before being placed
into the preheated (93° C) thermocycler. After allowing the reaction tubes to heat up at this

temperature for 2 minutes, one unit (1 I of Taq DNA polymerase enzymo {Promega) was

added and the amplification cycle was started. Amplification was performed on a ESU

Programmable Temperature Cyeler (purchased from UC'I') for 45 cycles at 93 C (30 sec-
onds), 30+ C (10 seconds) and 72° C (60 seconds).

The heating and .cooﬁng rates of the thermocycler were caleulated and taken into consider-
ation when determining the "actual” time required to reach each fecperature, viz. 60 seconds
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at 93 C, 100 scconds at 30" C and 120 seconds at 72 C, The effcets of using different DNA
 preparations of the same species and of varying the amounts of template, primer and

Mg(»l wete tested with human DNA and ALGGTACACT. The 10mer CCCTCTGCGG

that was mcccssftﬂly used by Kaemmer et al. {1992) on bs.nana culnvars was also uged to.
_ analyzs lithop species. :




43Results o
4.3.1 Silver Staining

A molecular weight marker was selected that would cover the expected size range of DAF
" products, viz. 100 to 2000 base pairs. There are twelve different molecular sized’ markers
which are 4ll uniformly detected with silver when Sﬂtiﬁ_{ 200 ng of total marker is apalysed

(see figure 19).
4.3.2 Electrophoresis

‘The heat denatured single stranded markers migrate slower than their double stranded
couﬁtéxparts. The undenatured {unboiled) sample does not spontaneously deuatpre in the
presence of 7 M urea, 1t is noticeable that several of the higher molecular weight bands are -
common to the boiled and unboiled samples and this may be due to reannealing of the heat
denatured fragments, ie. the boiled sample appears to be a mixture of single and double
stranded DDNA. This would account for the gre-:er number of bands that are detected in the
boiled sample and which makes it difficelt to assign a molecular size to these bands (see |
figure 16).

When the amplification reactions with human DNA and ACGGTACACT were denatured
before electrophorssis none oi the "AF snatkers odnformed to the size range that was re
ported by Williams et al. (1990) to be between 200 to 1000 bp (see figure 17). The size of
the boiled DAF samples, which run as single stranded DNA under denaturing
electrophoresis, cannot be estimated from the double stranded markers because they have -
different migration characteristics.  The exclusion of urea from the gel facilitates the
reannealing of some of the ldwef mnlémﬂar weight DAF products which now run as faster

moving double stranded fragments, The resultant profile shifts more towards the expected
 size range (see figure 18), |
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The human DNA/ACGGY ﬁCAC'I‘ DAF reacuons were also analyaad thhout l:gllmg ui-
 der denaturing conditions ‘? M urea) a5 desmbed by Castano-Anolles et al. (1991), These

profiles, although run on acrylamide and not agarose gels, confo_rm to the size range reported
by Williams et al. (1990). The use of acrylamide gels and silver stazmng enhances both the
;esulution of small fragments snd their detection. There is an o\éerall pattem- homogeneity
between ea:ch of the human proﬁles and there are no genuine polymorphm or individual
speclﬁc products (se figure 19) |

43.3 DAF of Lithops

Given the arbitrary nature ._of DAF prmers [ wanted to see whether any GCerich SQR

_uligom_mledtides (see figure 13, chapter 3) could direct DaF of tithop DNA.. It is usually

10tmers that ace used to direct DAF and indeed the ACGGTACACT [Omer gave the best

profile of the thfee primers that were tested, even though it has the lowest GC content (see

figure 20).

Cwmo~Moﬂes et al, (1992) had suggested that an increase in the amount of primer would
increase the number of low molecular DAF pzpducts because the primer woul_d 6i1tcompete
Shortcr. more ttable hairpin loop structures for the available primer binding sites. The ap-
peararice of low molecular weight bands at higher bﬁmer coricentrations is in agreement with
this model (figure 21). Increasing the amount of Mgl.'ll2 reduces the number of higher mo-
lecular weight DAF products and leads to a concurrent increase in the number of lower
mblecular ﬁveiﬁht products (figure 22), "Vhat this shows is that the amount of MgCl‘z nsed
during DAF determines the final spectrum of products, although the reason for this is un-
clear, One should select a coacentration at which ﬁ. good mix of high and low molecular
weight preducts are produced, Once :1-Mgci2 concentration has been selected it is vitﬂ that
it is maintained from reaction to reaction.

Human and Lithop Leslhel DNA were amplified with ACGGTACACT and
CCCTCTGCGG raapectivélx and the resultant profiles were andlysed on 5% denaturing
acrylamide gels (figure 23). These two distinct organiénas have a similar sized product range
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aud this accertuates the problem with DAF analysis. While the bunsan and lithop profiles

can be distinguished, it is difficult to identify DAF produets that are uniquely human or
lithop because of the number of bands and the extensive overlap of their size domains,

Different primers produce different DAF profiles and can thus be used to show differsnt
polymorphisms. A DAF product can only be shown to be spen:iﬁc' for gz' species by isolating
it and using it to probe a genomic DNA. tﬁges’.t of an individual from that species.

Bands were scored on two criteria, viz. their mobility relative to the molecular weight

standards and their intensity. Bands detected with high intensity were assigned an arbitrary

intensity unit (1L} which is greater than those for less _intenée bands. Only bands below 1250
“bp were scored._. Bands from the human and lithop DAF profiles, genemieﬂ with

ACGGTACACT, with similar mobilities can be distinguished by their intenisities. There aré

four prominent bands (see figure 24) which have similar mobilities in both profiles, When
the proﬁlés were score with CCCT C'.I‘G'CIGG' thene were no prominent bands common to

both DAF profiles (figure 25). Taking the two primers togstber and only counting the
prominent bands there are four common haﬁds out of a total of 40, ie. 10% of the major
binds are common. ‘This number can be reduced if iniensity differences are also considered,
As expected there is a very low level of sequence similarity between human and lithop DNA.

There is an overall similarity in the profiles generated in two different labofatories but there
are conspicuous variations in the number, distribution and intensity of bands (see fiyure 26).

There are a number of reasons that could account for this, not léast of which are variations

in the heatitig and cooling rates of different machines. DAT pfogranﬁ must be worked out
according to the actual time spent al each temperature and not the total time taken o reach:

that temperature {soe Materials and Methods). The heating and cooling rates of each PCR

‘machine have to be separately calibrated and cannot be assumed to be the same for any two

machines (even if they are the sar 2 model).

Analysing the DA¥ profiles of three lithop species, viz, L. Lesliel, L. Hookeri and L.

Terricolor, reveals a nice mix of unique and common bands that enables one to distinguish
themn as being derived from different DNA termplates (see figare 27). This iz in stark contrast
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to the homagenmt} of the pattams denved fmm mdmduals from the same species (see figues

\\

-19). Different primers recogmse dnﬂ'erent sets of bmdgpg sites Whlch produces d:ﬁ‘emnt sets

of DAF markem, ie. deFerent pnmers reveal different pclymorphls:m Bach prsmer used
separately, will give a different estimate of the degres of sequence similarity between two -

. DNA terplates. It is better to use both of the primers to calculate the degres of similarity

by measuring the total numiber of shared bands as a fraction of the total gumber of bands.

. “Te DAF profiles génerated with ACGGTACACT of the L. Leslel and L. Hooker! species

(w_hibh are both located in the western 'Ffansmai) have seven prominent bands in somemon

- (see figure 28). L. Terricalor, which is found in the south westeﬁl Cape (near.Laing'sbnrg), '

has at best only two bands in common Wlth both L. Les?iei and L. Hookeri, Th:s indicates
that there can be exlenm'e variation amongst lithop species from distinct locations, although
it is odd that there are so few DAI— products generated from L. Terricolor. The primer
CCCTCTGCGG reveals five prominent ba.nds that are common 10 L. Leslief and L.
Hookerl, There are four common bands between L. Lesliel and L. Terricolor and two beé
tween L. Hooker! and L. Terricoior {see figurs 29). CCCTCTGCGG which was used to
direct the DAF of banana cultivars was more successful than ACGGTACACT in amplifying
produts for all thres lithop DNA templates. Taking both the primers and all three species -
together t!he_i_‘pllowing pattern of band sharing percentages 'mnerges: 32% between L. Les!ieii _
and L. Hookert, 18% between L. Lesliei and L. Terricolor and 12% between L. Hookeri and

L., Terrtcolor,

The profiles of L. Lestlel with ACGGTACACT and CCCTCTGCGG were used as
*standard” reactions to measure the reproducibility of DAF between reactions and between
gels. The profiles of L. Lestiel with both. primers were soored from different reactions ard

-from different gels (figures 30 and 1) and were found to be consistent. Twenty five major.

bands, thirteen with ACGGTACACT and twelve with CCCTCTGCGG, were repmduoed

- with respact 1o mob:hty and intensity,
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Figure 15; Sensitivity of silver staining of DNA in acrylamide gels. Molecular weight

markers (type VI - Bochringer Mannlieim) were run at increasing concentration to examine
the sensitivity of the silver stain. Lane (1) 50 ng, lane (2) 100 ng and lane {3} 200 ng. The
samples were Joaded in 5 M urea and ron in a 7 M urca gel. Molecul~ weights are indicated,
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Figure 16: Differential mobility of single and double stranded DNA in denaturing
o polyacrylamide gels. Two samples were heat denatured by boiling prior to loading and an-
! _ other was not. Lane {1) boiled sample, tane (2) unbeiled and lane (3) boiled, Molecular

 weights of the unboiled marker are indicated.
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Figure 17: Denaturing e!eétrophorcsis of heat denatured DAF products. Thres diﬁ‘eren_t
human DNA preparations were amplified with ACGGTACACT as described by Witliams _

et al. (1990). The samples were boiled and loaded in loading solution. Laves (1-3) 50 ng

human DNA and Janes (4-6) 12,5 ng human DNA. Markers were Joaded without being
boiled, There are no bands detected below the 1033 bp marker. |
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Figure 18 *Jon-denatunng electrophoresxs of heat depatured DAF products, The three

human DNA preparations, amplified with ACGGTACACT and mixed with loading sol-

ﬁere boiled and loaded onto a ron-denaturing gel, i.e. no orea, Lanes (1-3) 50 ng

ution,
and tanes (4-6) 12,5 ng human DNA. Markers were not boiled. Some bands

human DNA
‘ean be seen at about 653 bp (see arrow).
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Figure 19; Denatusing dlectrophoresis of undenatured DAF samples. Three human DNA
" DAF reactions were analysed on a denaturing gel, but they were not heat denatured prior
to loading. The DAF reactions were repeated with 2 four fold decrease in the amount of
template DNA for each of the human samples. Lane (1 to 3) 50 ng template DNA and lane

(4 o 6) 12,5 ng of template DNA. The markers were not boiled.
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Fxgurc 20: DAF of lithop DNA with different uhgonucleoudm The amphﬁmnon of 25ng
of L. Lesliei DNA was directed by 20 ngof ACGGTACACT (lanes 1-3), (TCC) {lanes 4-6)
and (GTG) (lanes ‘?-9) The profiles were analysed on 7 M vrea gels without prior hmlmg.
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Fi.gu.re 21: Effect of iﬁm’easiﬂg the amount of primer during DAF. Increasing amounts of
primer ACGGTACACT were used to direct the amplification of L. Lesliei DNA. Lare (1)
20 g, lane {2) 50 ng, lane (3) 100 ng, Jane (4) 150 ng, lane (5) 250 ng and lagie {6) 500 ng.
There is an obvious decrease in the number and intensity of the higher molecular weight
bands as the amouat of primer is incteased. A band can be scen at about 154 bp when 500
ng of pnmcr is used (ses arrow), unfortunately this band is not very clear in the phiotograph.
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Figurs 22: Optimising MgCl for the seaction of L. Leslei ané CCCTCTGCGG. The

amount of MgCl_ was increased from 2mM (lane 1), 3 mM (lane 2), 4 oM flane 3), 5 mM
2 . o - .

(lane 4), 6 M (lane 5), 7 mM (lane 6) to 8 mM {lane 7).
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- CCCTCTGCGG respectively. DAF profiles of human and L. Lesliei were

'_(bp.)

2176
. \\ ) .
1766 _ o5

L

{1280 —
1033
. 653
517
453
ag4
298

\

234
220
154

GTACACT and
directed” with

F:gure 23: DAE of L Leslei and human DNA with ACG

500 ng of ACGGTACACT aid CCCTCTGCGG respectively, at $ mM MgCl Lane (1)
buman with ACGGTACACT, lane (2) L. Lesliei with ACGGT ACACT lane (3) human-
with CCCTCTGCGG and lane (4) L. Lesliei with CCCTCTGCGG.

76




¥

(v}

()

!l ml .Ijl ! L1 ) B S N
' p
[\ \ \ A
1230 33 653 517 453 394 298 234 220 154

B . ' .

TR !\1 ! lln _tJI 11 i l . (ool

TN N ]IS

1230 1033 653 617 453 9394 298 234 220

164

Figure 24: Histogram showing fraginent length and band intensity poiymomhisnas betwaen
the human and L., Lesfiei DAF profiles generated with ACGGTACACT, Migration relative
to molecular weight markess is plotted on the ho:iiontal- axis and staining intensity (IU -

arbitrary intensity units) on the verdical axis. Panel A) human DNA and panel B) L. Leslie}

DNA. Four prominent bands with similar mobilities can be seen {see arrows).
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Figure 25: Histogram of DAF profiles of human and L. Lesltei DNA. generated with
CCCTCTGCGG. Panel A) human and panel B) L. Leliel DNA. There are no common
bands, ' o .
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Figute 26 Comparing the reproducibility of DAF profiles from different taboratories. The

DAF reactions of humen and lithop DNA, with ACGGTACACT and CCCTCT GCGG

- respectively, were repeated on the same model thermocycler but in separate laboratories.

Lane (1 and 2) human with ACGGTACACT, lane (3 and 4) lithop with ACGGT. ACACT
fane (5 and 6) human with CCCTCTGCGG and lape (7 and 8) lithop with
CCCTCTGCGG, The even and odd numbered lanes were vun on separate machines.
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Figore 2% DAF of threc different lithop species with ACGGTACACT and

CCCTCTGCGG. The amplification of three different lithop species was d:rected by 500 ng
of CCCTCTGCGG and ACGGTACACT respestively, using S mM MgCl, . L. Terricolor
(lane 1 and 4), L, Hookerl (tane 2 and 5) and L. Leslief (lane 3 and 6).
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Pigure 28: Histogram showing band mobility and intensity differences for the three lithop
species with ACGGTACACT. DAF was directed with ACGGTACACT and bands below

1250 bp wers scored, Panel A) L. Lesliel, paoel B) L. Hopokeri av.« paaet C) L. Terricolor.

All common bands are indicated with AFIOWS.
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bility and mtensuy differences for the three lithop

Figure 29: Histogram showing band mo
gpecies with CCCTCTGCGG Band scoring of the DAF profiles of L. Lesliel (panel A),
C) generated with CCCTCTGCGG, Amows |

(&) L. LestielfL. Terricolor and

L. Hookeri (panel B) and L. Tervicolor (pana!
indicate comnmmon bands between () L. Lestiel/L. Hookeri,
(iliy L. HookeriiL. Terricolor. '
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Figuse 30: Comparing DAE profiles of L. Lesliei and ACGGTACACT between different
gels, The resultant pattern was corrected for differences in the overall mobilities of each gel.
Major bands from ﬁgure 24B (panel A) and from figure 28A (paoel B) were counted. All
thirteen major bands showed similar relative tobility and intensity.

3

TR




(wy

|,, | | R,
AR NN

1230 1083 653 51, 453 393 2913 234 220 154

(iv)

/N 1) N\

1230 1033 Ep53 517 463 394 298 234 220 184

Figure 31: Measuring pttern variabllity between different L. Lesliell CCCTCTGCGG pro-
files. Major bands from figure 25A (panel A) and figare 294 (paoe] B) were scored, All |
twelve major bands showed consistent mobﬂlty and intensity. '
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4._4 Discussion

" 44.1 Silver Staining

The molecular weiglmt marker that has beent used cdvets_the expected size range for amplifi-
cation products, It consists of 15 fragments of the following size (bp): 2176, 1766, 1230,

1033, 653, 517, 453, 394, 2x298, 2x234, 220 and 2x154. The 220 bp fragment represents orly
about 2% of the total umbier of base pairs and hence molecular weight. A total of 50 ng
of marker \mé used during electrophoresis which means that approximately .l'ng of double
stranded DNA is visualised in the 220 bp fragment. If ethidium bromidé stailiing, which is

far less sensiﬁve,-were used a considerable loss of informa_tiori could result,
442 Electrophoresis

Although it is common for DAF profiles to be examined on agarose gels it cannot be dis-
putcd that polyactylamide gels provide a higher degree of band resolution for DNA mole-

cules up to 2000 bp. Caetano-Anglles ef af, {1991} ; wescribed the incorporation of 7 M urea -
into their acrylamide gels to snsure good band resolution. Their DAF reactions were also

loaded in 5 M urea suggesting that their DAF products were being analysed as single
stranded and not double stranded DNA fragments. They had, however, listed their molec-
ular weight markers in terms of base pairs and not nuqléotides as would be the case for single
stranded DNA. To avoid similar confusion [ wented to ensuee that the markers and DAF
products were both either run as single or double stranded fragments. '

When the boiled and unboiled markers are asalysed on a 7 M urea (denaturing) gel the first

thing that strikes one is the decreased mobility of single stranded DNA relative to the double
strandet DNA. The unboiled markers do not spontaneously “melt” under the depaturing
conditions (see figure 16). In fact even after being -Boilad insSM m. it appeared as if some
of the depatured fragments (>298 bp) were able to reanneal and “comigrate” with their
undenatored counterparts, Maniatis et al (1975) had goted that DNA molecuies (> 200
bp} could not be consistently denatused in 7 M urea gels at room temperature. It seemed
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that the boiled samples were actually & mixture of single and double stranded DNA mole-

cules, although I must add that this had not been established for certain, Turning my at-

tent’n back to the DAF separation issue I decided to investigate all possibiiiﬁes The
amphﬁcatzon of human DNA, directed with ACGGTACACT as described by Williams et
al. (1990), was used as a reference sample, Some samples were boiled before bemg loaded
onto a denatunng gel (see ﬁgum 17), others were boiled and loaded onto a non-denatunng '

el (see ﬁgm'e 13) and gl others ware loaded onto a denaturmg gel without being boiled (see

ﬁgure 19).

When boiled samples were analysed under denaturing electrophoresis there was an obvions

absén.ce'of very small fragments and the profiles did not resemble anything like those ob- .

tained by Caetano-Anolles et ¢/, (1991). The denaturing conditions bad obviously enstured
that the DNA fragments were “melted” and hence running as single stranded molecules.

| Removal of urea from the gel facilitated the reannealing of some denatured DAF preducts

and some “fast” migrating molecuies were seen. When the samples were analysed in 7 M ures
gels without being boiled, the DAF profiles of the human DNA came the closest to por-
traying the type of pattern that had been generated by Cactand-Anoues et af. (1991). Fur-
thermore these profiles, although analysed on acrylamide and riot agarose gels, were the same

size as those originally described by Williamns et al. (1990).

The hum.an DNA DAF profiles, using template DNA prepared from different individuals,
are very similar although a few individual spedﬂc bands can be seen. In addition the profile
pattems were consistent over a four fold vadation in template concentration, Le, very small
differences in the template concentration do not distort the overall profile pattern, |

44.3 DAF of Lithops

Most DAF research starts with a screening process in which a kit of about twenty or so short
(l'l_sué]ly 10mers) random sequence oligonucieotides are used to direct amplification of a
particulas template DNA. Not all of these primers will produce inferpretable pattemns, but
more vfte.1 thati 0t at loust some will. Without large resources I decided to screen aun..'xe of
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.my own oligonucleotides which 1 had med to use for SQR profiling (see figure 13, chapter

3). The only selection criterion was that an oligonucleotide had to have a high GC content.
(TCC), , (GTG), and the 10mec ACGGTACACT (which had worked well with human

DNA) were chosen (sec figure 20), The 10mer, which had the lowest GC content (50%),
gave the best profile of the lithop DNA illustrating that GC content should not be the only .

criterion for primer selection.

Although T was nsing a 10mer primer, which would be experted .- direct the amplification
of short DNA régions. there were no DAF fragments smaller than approximately 400 bp.
Indeed there appeared to be a sharp cut off of detectable bands below the 394 bp marker.

* This was explained in a recent publication by C_aetand-Anﬁlle's et al. (1992). They pu fot-

ward a rn_odel in which a single primer amplifies certain products due to competition for
annealing sites between the primer and terminal hairpin lopp structures of the intermediate

template molecules,

Short prlmers are expecied to recognise a large number of arnealing sites during primer
screening. Amplification of these sites produces products_.with terminal sequch;:e symmetry
which are able to form hairpin loop structures and thus “block” primer binding, The primers
wi_ll have great difficulty in _displacing hairpin ﬁop structures, especially those that are
stabilised by édditipnal base pair muitches in internal regions of the loops, This can reduce
the number of amplification produsts. Large loops have unstable hairpin structures, L.
hairpin structures are less stable the longer the amplification product and the shorter the
primer.and thus the region of synunetiy. These large “amplicons” will amplify efficiently
becuuse they do not form stable hairpin structures that can interfere in primer binding.
Hairpin structures, formed from short loops, are more stabie & )d will disrupt primer binding
and therefore lower the eﬁicacy with which these sites aye amphﬁed Only by increasing the

primer concentration will the primer. be able to outcompete stable hairpin structures for

potential binding sites. Increamng the amount of pnma_x_ 25 times more than that suggested |
by Williams ef al. (1990) was found to greatly increase the efficiency with which smalles
DNA regions were amplified and hence detected (see ﬁgu.re 21). This whole exercise dem-
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omstrated the importance of constantly rev:ewmg a]l_ of the available literature regarding de-
veloprisnas in a field, ' | '

Kaemmmer ef al. (1992) had been successful in using the 10mer CCCTCTGCGG to dirsst
the DAF of banaria cultivars. I decided that this primer, which had shown itself to be usefal

 in plants, might be effective for distinguishing kthop species, A DAF profile directed by a

single primer is very serisitive to the aimunt of M;;Cl2 that is used. The resultant patterns
that are detected when different concentrations of MgCl are used can be quite varied (see
figure 22). It is therefore crucial that once a MgCl2 concentration has been selected it must
be strictly adhered to. I thjs regard I have found it useful to include ﬂ:le_ MgiCl2 into a re-

 action “master mix” that confains all the buffer components. This reduces the possibiliry of

different samples having different quantities of .\-11;(212 .

Most DAF profiles generally consist of a number of banis, atrywhere from 10 to 20, which

cover a similar size domam Mauay of these bands will be found within a few millimetres of |

each other when examined on a 15 cm long acrylamide gel. This means that two bands re-

presenting Uistinct DNA sequences may be deemed to be the sarrie because they have similar
- mobilities. This can be jllustrated when the DAF profiles of humea and lithop DINA, di-

rected with ACGGTACACT and CCCTCTGCGA respectively, are compared (see figure
23). Bach DAF profile can be plotted as a histogram (see figure 24 and 25). The distance _
~long the horizontal axis is 2 measure of molecular weight, which is estimated from the rel-
ative migration of mol@M weight standards. The height of each bar line indicates a dif
ference in the band staining intensity. In this way bands with similar mobilities can be
distinguished by their staining intensities.

Prominent bands from different DAF profiles having the same or similar mobilities (e.g, scen
with human and lithop DNA) cannot be assumed to be identical, i.e. they should not be

scored as common bands. The copfusion arisen from the fact that DAF markers :‘épresent '

size variations between arbitrarily amplified sequtmées. Markers with similar mobilities may

- only be assu_med to represent the same locus if they are derived from related DNA templates

or species. For this reason the degree of band sharing between L. Lesifel and human DNA,
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although seemmgly low, is -pfoﬁably not accurate. In contrast RFI.P-type markers measure
size variations of a particular sequencs/s or allele/s that_ is/are found at a defined bcusfm:t,
iev commeoen bands must have !hc same' size and sequence DAF ma:kers 'éan be isolated,
amplified, Jabelled and b.\ad to probe genomm DNA digests. Iftwo DAF smarkers produce

e same hybndmahon pattern with the same gmomic digest o7 Iy tien they can be assumed
to represént the same genetic locus. 'I‘he actual sequence of this alleie will simply be the

complement of the marker. In this way DAF markers can be used to "sxtract” sequence data

-

The literature _,abaunds with different time and terhperature eycles for DAF that make no
meﬁtimi of the heaxing aild cooling rates of their PCR machines, Some researchers'claim'

that DAF profiles are not reproduc:ble in different laboratories (se figure 26). DAF profiles "

are sénsitive to variations in both time and temperature and so it is the acmal uin ind
temperature spent at each step that has to be followed. Thermocyclers have diﬁ'erent healing
and cooling rates and therefore different programs may have to be used on different machines

to efiect the same times and temperatures during cycling,

Three lithop species were profiled, viz. L. Lesliei, L. Hookeri ard L. Terricolor using the two .
|Gmers ACGGTACACT and CCCTCTGCGG (ses figure 27). The large number of simi-
larly sized markers makes it technically difficult to score the degres of band sharitz, Other
researchers who use DAF have also noted this and many have used ethidium btdmide

| stgined agarose gels to reduce the number of detectable bands and theseby resolve the pro-

files, As [ have already indicated this leads to a loss of data which may be potentially usefil,

especially since these markers can be recovered and sequenced. Instead the prdﬁles were re

produced as histograrns and the most prominent bands were scored (see figures 28 and 29).
The highest percent of band sharing was 32% betweeﬁ the L. Lesliel and L. Hookeri species
which are both found in the wester Transv. 4t Both of thess specios bave significantly lower
band sharing frequencies with L. Tem'co!g.f » 18% and 12% respectively, which is found in
the southern Cape. The number of snique bands easily exceeds the number of shared bands

‘whick s in contrast to the homogeneity seen amongst the different human DNA templates
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(see figuse 19). The significance of thz ratio of imique to common bands should be examined

further with hybridisation studies.

1t is crocial in DAF antalysis that some type of standa:d reaction is always used sd” that
compansons can ! ¢ made between dlfferent gels run on different days. By usmg the DAF
reactions of L. Leshiei and the respectxve primer as the standard [ was able to check the
consistency of the reaction with tims, i.e. the relative mobility and intensity of the L. Lesliel
markcrs were shown fo be consistent (see figures 30 and 31). Slight variations in the differ-

ential mobilities of gels that ae bemg compared tnust be aceounted for.
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45 Conc!usion

Althoq,gh it seems to be generally accepted that DAF can be used to indicate differences
bctweﬁ:n genouiic templates, these diﬁ‘e:ences cannot be scored like. RFLP markers because

they do not represent 4 speciﬁc genetic locus, Le. 'ra.u.domly amplified markers cannot be nsed

to distinguish between gemomes just because they exhibit size variationt. RFLP-type ana-
lyses use differences in the distribution a8 well as length variations of a defined sequence to

differentiate geriomes, ie. RFLP markers representing a given sequencs (or ci_ose variants

~ thereof) are scored according 1o size varigtion, As a result, it is my belief that either single
_ or.mul.tiple locus hybridisation studies should be carried out to verify any phylogenetic re

lationships that have been derived from DAF profiles,

“Two options fdr generating RFLP markers exist, l‘i_rsﬂy,' a range of differsnt probes could

be designed and screcnied to o see if they generate scoreable hybridisation patterns, This is

costly and time consuming process. The second and better alternative is to use DAF
markers to e:;tract séquence data from lithops, which_can then be ampglified, labelled and
used 1o probe genmﬁ'c digests of other lithop species. In this way one cé.n ensure that the
probes that are used vill hybridise to lithop sequences. Some of tﬁese lithop sequeriees may
prove 1o be polymorphic while others will be monomorphic thus opening the door for a

more definitive form of profiling,
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" CHAPTER 5

5 SUMMARY

DNA profiling is a general term that cncompasses scveral distinct technidues or rationales

for measuring genetic similarity. The basis for all these methodologieé is that genetic differ~
ences {polyrfnorphisnns) are synonytmous with genetic relatedness, Le. ciose_ly refated
organisms \#ill lﬁve greater sequence siroilarity (or fewer differences) fhan unrelated indi-
viduals. These methods differ in the way in whiéh they detect DNA polymofphisms. In the
vriginal DNA profiling strategy, deseribed by Jgﬂ‘reys, a labelled DNA probe is used to
hybridise to its complementary sequences in an immobilised genomic DNA digest. The
resultant hybridisation pattern reflects the distribution and organisation of that sequence in
an organism’s genome. Certain sequences, which are found at specific loci, will occur in
diﬂ'ereﬁt copy mnhbers in unrelated individuals. These length _Vaziations will be seen as mo-
bility differences in their respective hybridisstion patterns (profiles). Different sequence
probes are used to study different types of genetic loci, e.g, single and multiple locus, VNTR
and SQR probes, ' ' ' '

The discovery of the polymerase chain reaction opened up new approaches for DNA pro-
filing. DNA amplification fingerprinting uses short, arbitrary sequence oligonucleotides
(primers) to direct the amplification of random regions of DNA from genomic DNA sites
to which they have fortuitously hybridised, The result is a spectrum of amplified products
which are characteristic of the genomic DNA template. Unzelated genomes will produce
diffevent amplification spectra when analysed on silver staisied acrylaroide gels. - |

To be zble to make use of the analytical advantages of DNA profiling I wanted to establish

a procedure that could be used with Lithops. The were two initial problems, firstly fithop
DNA had never before been isolated and because of this no sequence data were available,
To overcome the first problem 1 used a plamt DNA isolation technique, first described by
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. Murray and Thompson (1980Y, which had been used with variable suncess by Weising et al.

(1991) to isolate DNA from ai wide. varicty df plant types. This method uses ll}"ophilised and

not fresh tissue which is actually a great advantége becaﬁsé whole plants van be stored in a
- desiccated state until they are needed. One can also build up sufficient stocks of plant ma-

terial without having to wait until the growing season. Nucleic acids ace purified at htgh galt
concentration {1;4 M NaCl) by exploiting their solubility in a 2% (vw/v) CTAB buffer, De-

 matbred proteins and polysacchatides are insoluble under these conditions. |

I was encouraged with the reasonably high yield of lithop DNZ. which was routinely found

to be greater than 200 ug/g lyopbi]ised tissuz. However, thes: preparations were found to

‘be highly degraded when analysed on agarose gels. Only 15 uy, ¢ ahqut 7% ot the total DNA)

of high molecular weight DN'A_ could be spooled. Althoupt: this was a very low yield it is

in line with tﬁe difficu’ties that one can experience in isolaiiny pimt DNA. Weismg etal

(1991) could not isolate high molecular weight DNA from several plant specics, There were

some cases where they. could not isolate any DNA (see dgure 32). A stoaid 1 pi column,
packed with a gel having suitablé gize exclusion limits, was used to purify hivh molecular
weight DNA from Jow mulecular weight contaminants The resultant elution profile is a
visual representation of the extent of DNA degradation and contamination of the crude

preparation,

Weising et al. (1991) had shown that short, quadruplet repeat sequences were pre;sent
throughout the planf kingdum. Some of tﬁcse sequenzes displayed length polymorphisms
and could therefore be used as DNA profile markess, Since there were no known
polymorphic lvhop sequences I decided to test whether some of these SQR .seqtmnces would
yield scorcable hybridisation pattermns with lithop DNA. The oligonueleotides (Tco), |,
(GATA) ) (GACA) . and (C‘a“I‘f:.‘r')s were synthesised, end labelled with digoxigenin and
hybridised to EcoR1 digested lithop DNA, immobilised in « dried agarose gel mattix. The
in-gel hybridisation technique was shown to work with a standard hybridisation mactioﬁ (sce
figure 12), but the SGR oligonuclebtides_ used only generated smoared pattéms (ses fignee
13),
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Ailthough this was disﬁppointing it was, in retrospect, the most probable bﬁfcome especially
in view of the fact that I was trying to find a pol}'morphic sequence empirically, much fike
loo}dng for a needle in 2 baystack. There was some consolation in the fact that Weising e
al, (1991) were also unable to produce scoreable profiles with several combm;tio_ns of plant
DNA and SQR_probe, They conﬁrmed that in some cases they could not generate any
hybridisation pattern while in others they could only generate a smeared patiera which was
ix_nt:dssible to scote (see ﬁgure 33). :

" The discovery of PCR i.n.fr't._)duced several new strategies for profiling. DNA anipliﬁcation

fingerprinting can be carded out with very little template DNA (25 ng) and requires no se-
quence data because ampliﬁcﬁtion is. dirccted by short arbitrary sequence primers, This

technique offered the most realistic way for overcoming the initial problems for generating

DNA profiles of lithops. For this reason a lot of time was spent trying to understand and

standardise a procedure that was informative and reproducible. DAF was found to be sen-
sifive to the actual time and temperature spent at each stage during cycling. Chaﬁges in the
concentrations of primer and Mg(l‘],2 were reflected by differences in the spectrum of ampli-
fied producis. The procedure was not sensitive to small differences {4 fold) in the amount
of {ernplate DNA. Different individuals from the same species had homogeneous profiles
whilst individuals from distingt species produced unrelated profiles, '

Thete are two levels of polymorphisms that can be measured, firstly there are length vari-
attons between markers and secondly there are varations in the staining intensity of similar
size markers. These differences can be represented on a histogram where the distance along
the horizontal axie js related 1o 2 markers mobility relative to molecular weight markers and
the height of each bar line represents a difference in staining intensity, In thiﬁ way common
bands will be scored only if they have similar mobilities and intensities, Bands from
organisms that are not known to be closely related camiqt be scored on this basis alone be-

cause two markers which have the same or similar mobilities might represent two unrelated

sequences or loci, The banding pattern generates with a particular combination of template
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| and pnmer was shown to be consistent for different DAF reactions analysed on different
* gels, This is "_important because it epebles one to use a particular reaction as a standard

measure of the uniformity of the reaction oonditions- over fime, i.e. one can be sure that any

dift‘erenoes are only the result of differences in the template DNAs and not the procedure,

" RELP type markers measure genetic variation as a function of length polymorphisms of a

partienlar sequence/s, As a result of their specificity for a particular sequence/s (or closely

 related derivatives) these matkers can be quantified on tho basis of band sharing frequencies.

alone, i.e. they represent an absofute and not an arbitrary measure of sequence divergence.
DNA amplification can be used to develop RFLP type strategies by “extracting” DNA se-
quence information from lithops. Amplificd markers can be isolated, amplified and labelled

- and used to -pfobe restriction DNA digests of other lithops. These matkers can be sequenced.

and the;e_hy used to extract sequence information from lithops. If any of these markers are
found to be polymorphic they can be used to score l'éngth polymorphim of specific se-
quences or loci, This i”‘ better strategy for developing RFLP type markers than simply
screening a series of SQR oligonucleotides because one will be using actual lithop DDNA se-

quences.
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Fungi

Dicotyledonous angiosperms

Persea americana {Lavraceac: M:gnol'iidae)

Paycomyce blakesleeanus (Zygomycetes

Saccharomyces verevisiae (Ascomycetes) Laurus nobilis (Lavracea: Magnoliidae) -
Ascochyra rabiei (Atcomycetes) Helleborus niger (Ranunculacese: Magnoliidae)
Coprinug comatus (Basidiomycetes) Urtica dioica {Unicaceae; Hamamelidac}
Nemaioiomu sublateritium (Baﬁdiﬁmﬁﬂﬁ) Ficus k,ﬂummg {Moraceae: .Hamameliidag}

Algae - Huulus lupulvs (Canbabinaceas: Hamamelidse)
Oedogonium spee. {Chiorophyceac) {+) Aruncus silvester (Rogiceaes Rosidas)

Spirogyra spee, (Chlorophyceae) - Cicer arfetinum {Fabiceae; Rosidac)

Stenogramme Interrupta (Rhodophyeeas) - " Lens culinaris (Fabaceaed Rosidae)

Fucus serraws (Phacophyceae) “) fans orientalis {Fsbaceae; Rosidac)
_ o o  Lens nigricans (Fabaceat: Rosidac)

Liverworts and Mosses : Hippophae rhamnoides (Eledgnaceie  Rosidac)
Morchantiy pitvmorpha {Hepaticash {+) Aucuba japonice (Cornaceacs Rosidacy
Pulvirichoe formosunt {Musci) + Stmmondsia sinensis (Buxaceae: Rosidae)

Ferns . Macaranga huller] (Euphorbiaceae: Rosidas)
Equisetwm arvense (Equisetatat) + Maroranga triloba {Euphorbiaceas: Raosidac)
Dodra condata {Filicaae) + Macaranga tanarius (Euphorbiaccae; Rosidac)
Polypodium vulgare (Filicatas) + Macaranga hypoleuca {Euphorbiaceae: Rosidae)
Osmunda vulgaris {Filicatae) + Camellia sinensis (Theateae: Dilleniidac) '
Nephrolepis exaliata (Filieatae) {+) Brossica oleracea (Brassicaceact Dhlieniidac)

Gymposperms : Brassica napus (Brassicacese; Billenidae)
Ephedra disigchya (Gnelatae - .Brassico campesteis {Brassicaceacs Dilleniidac)
Gingka bilobe {Gingkoatae) - Bryonia dicica {Cucurbitaccae: Dilleniidae)
Yaxus bageaip {Pinatlac) ) Silene alba (Caryoplylaceas; Caryophyllidac)
Toxadium distichwn (Pinatae} - Slene dicica {Caryophyllaceast Caryophyllidac)
Thuiopsis dolabrato (Pinatae) - Beta vulparis (Chenopodiaceaes Curyophyllidazs)
Juaiperus communis (Pinatac) - Rumex qeeiosetla (Polygonaceae: Caryophyllidae)
Crypreméria joponica (Pingiae) {(+) Nicarlana tabacum (Solanaceac; Asteridae)

Monatotyledonous angiosperms . Nicotlana silvestris {Solanaceass Asieridac)
Echinodurus asteis {Alismataceaes Alismatidae) o Nicotiana aeuminaia (Solaneceac: Asiweridac)
Musa acuminate (Musaceaes Liliidae} o+ Nicotiana atephera (Selanacese; Asteridae)
Hordeum vulgare (Poacese: Liliidae) + Nivotiting ghutinosa {Solanaceas; Asteridac)
Hordeum spantaneunt {Pasecac: Lildas) + Nicotiana panicilata (Solanaceaes Asteritar)
Asparagus densiflorus (Asparagaceac: Liliidae) + Lycopersicum esculentum {Solanaceae; Asteridae)
Dioscorea bulbifera {Dioscoreaceae: Liliidac) + Lycopersicun hirsutum (Solanaceae: Asteridac)
Cocos nucifera (Arecaveac: Arecidac) {+) Solanum nuberosum {Solanaceary Asteridad)
Chamaedorea catarocterum (Arecaceaes Arecidac) + Helignthus dirnus (Asteraceaes Asteridac)
Mongtera delicioss (Araceaes Krecidac) + Lactucd sative (Cichoriaceae; Asteridae)

Figure 32: Overview of the results of DNA isclation from different spec.ies of fungi and

plants obtained by Weising et al. (1991),

+ - high molecular weight DNA obtained

() - no DNA obiained or DNA latgely degraded
{+) - lo yield of DNA or DNA partially degraded
*E- ,DNA obtained from fruit but not leaf tissus.
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Figure 33: Hybridisation patterns of SQR sequences with different plant genomes as ob-

sained by Weising et al. (1991). The ofigonucleatides were labelled with ** P and hybridised

to Hinfl digested genomic DNA in 1%
{GACA) , and panel C(TCC) . '

dried agaross gels. Panel A (GATA), , panel B
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. . APPENDICES S L
| | P
Poe
APPENDIX1 S e
e Extraction of Chicken DNA | | o -
SO - | : ‘
Ty 15yl of whole chicken blood was suspended in 600 i of isotonic buffer (0,15 M NaCl, I
' mM EDTA and 50 mM Tris-HCI pH §,0). The cells were lysed by the addition of 7,5 ul S e
3 ._of 25% {w:v) D8 solution. Nucleasés w‘em inactivated by incubation with 15 ul proteinase l ’ \\
K {10 mg.oly overight at 55¢ €. 500 i of buffered phenol (pH 8.0) was added and the e
phases were mixed for 20 minutes and then sepatated by centrifugation, The agueous phase ' o
was recovered and reextracted with phenol, [he aqueous phase wasg again collected and é
__ traces of phenol were removed by extraction with chloroform?isoamyl alcohol (23:1}. The . T
¥ . © DNA is fecovered from the agueous phase by adding 2 volumes of cold (-20° C) ethanol for _ (‘3 .
o 2 hours at -20° C. The DNA was collected by centrifugation, vacuum dried and rosuspended T
oo in TE buffer (10 mM Tris-HCl and { mM EDTA pH 8,0),
I
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. APPENDIX 1 -
“ BASIC Program Characterising an Oligonucleotide from its Base Sequence
B
1 ALH A250 oelersanationt for oligos of & given sequence '
2 O ) : _ : _ :
3 - bRING © A260 DETERMINATIONS FOR OLIGOS OF A GIVEN SEOUENCE™ A
4 PRINT o : : : b e
3 IR “1f your sequencé ls repelitive enter y, otherwi-= wuter n*; Ps i .
& PRINT . ] . _ -
8 1F s o= "y THEN 200 ’ ' ) - S
9 LF Ps « "¥* THEN 200 TR
10 FHINI "Plvise enler the sejuence af your glj’qn IN CAP1TAL LETTERS™ . . i Pt
is pRINT Lo
15 INFUT % : o : Co v

: b AYGICw0: G0 ¥l r
17 O=LENLEYY _ :
I8 FOR M=) TO O T : :
A% AvsdiDe(CH . H, L) ' : : 3
' 20 IFf Aws*a" THEM A=A}
; 21 IF Asw-C® THEN CeCsl :
: R IF Ave T THEN B=e+l A

23 IF Asa=T* THEN TwY#l : L
26 NEXT W . : o
o CLS . S
I8 PRINT * a240 DEVEIVtINATIONS FOR OLIGDS DF A GIVEN SEQUENCE™® L F
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~ Preparation of the Staining Agar
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APPENDIX 1T

The staining agar as prepared by dissolviag 0,12 g of agarose in 20 ml of buffer (0,9 M NaCl; I S
0,1 M.Tris-HCl pH 9. 5 and 50 mM MgClz ). The solution was allowed to cool to about o | ’ . .
50 C before 90 ul of NBT (75 mgjm in 70% dimethyl formamide) and 70 wl X-phosphate |

(30 myjml in 100% dimethyl formamide) were added. The solution was mised, poured and 3
It to solidify. | | | | I
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