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HISTORICAL BACKGROUND 

F.H.C. Crick has described "mol'ecular which codes for a single polypeptide chain. 
biology" as the study of: Genes consist of coding segments (exons) 

9 which are represented in the final gene product 
DNA ---+ RNA --+ PROTEIN and non-coding segments (introns) which are 

removed from the final gene product during 
DNA was first isolated by Miescher in the processing of mRNA. Manufacture of 

1871 (nucleic acid comes from the acid material m~~~ copies from genes is called transcrip- 
"nuclein" obtained from nuclei of  pus cells). 

tion. The enzyme RNA polymerase initiates 
In the 19'0" and Wyatt showed transcription after binding t o  a specific DNA 
that the ratios of the bases adenine (A) to sequence termed a promoter and continues 

(T) and guanine (G) to c ~ t o s i n e  until the termination signal is reached. The 
(C) were to This, with RNA transcript is then processed by splicing 

cr~s ta l logra~hic  data Wilkins and and polyadenylation before transport t o  the 
Franklin enabled Watson and Crick t o  describe cytoplasm. Each triplet codon is recognised 
the double-stranded helical nature o f  DNA. by a specific tRNA molecule carrying the 

two lnajor preceded relevant amino acid. Regulation of gene expres- 
rapid advances in molecular biology. First, 

sion may be transcriptional by the action 
Ternin and "'lated the enzyme of  activators or repressors on enhancer segments 
reverse transcnptase from certain RNA viruses. of DNA which influence the binding of RNA 
UP '0 ''1' time it  was dogma that DNA coded polymerase to  its promotors or post-trans- 
for RNA and the reverse "'ld not happen. criptional e.g. by affecting the processing or 
However, reverse transcriptase enabled single- stability of mRNA or the translation process. 
stranded DNA to be prepared from an RNA 
template. This type of DNA (complementary 
or cDJVA) could then be used as a probe t o  GENE MAPPING - METHODOLOGY & 
identify gene sequences. Characterisation of APPLICATIONS 
enzymes which digest DNA (restriction endonu- The basis of gene mapping is characterisa- 
cleases) by Nathans, Smith and Arber was a tion of restriction endonuclease sites associated 
further landmark in molecular biology. within and around genes. Since DNA recognition 
Restriction enzymes are found in bacteria sequences for each restriction enzymes are 
and are thought t o  represent a ~ri lni t ive specific, i t  is possible to  construct a unique 
immune system. Their usefulness comes from restriction map pattern for  individual genes. 
the ability t o  recognise specific DNA sequences Steps involved in this process include: 
4-7 base pairs in length. Restriction enzymes 
enabled DNA to be cleaved predictably into 6 )  DNA preparation: 

smaller units. Thus, total (genomic) DNA Any nucleated cell serves as a source of  

could be divided into more basic segments DNA. For convenience, peripheral blood is 

(i.e. a restriction fragment containing a gene). often used. DNA and proteins are separated 
Genes were then identified with DNA probes. by phenol extraction. 

(ii) Digestion of DNA with restriction enzymes: 
MOLECULAR MACHINERY O F  THE CELL Restricted DNA is fractionated into its 

Genetic information is carried in the linear various fragments by electrophoresis in agarose 
sequence of nucleotide bases in DNA. Base gels. Following completion of electrophoresis 
pairing between G-C and A-T underlies the double-stranded DNA is made single-stranded 
process of DNA replication. The human (ss) by reaction with sodium hydroxide. ssDNA 
genome consists of about 3 X l o 9  base pairs fragments are then transferred t o  nylon or 
of DNA. A gene is that linear stretch of DNA ~iitrocellulose membrane filters. 

A 
Article reprinted with the kind permission of the author from the Education Supple~nent of the Combined 
XXI Congress of the International Society of Haematology and XIX Congress of the International Society 
of Blood Transfusion, Sydney, May 1986. 
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(iii) Hybridisation with DNA probes: 
DNA sequences h o ~ n o l o g o u s  t o  the gcne(s) 

under investigation are called probes. These 
may be  derived f rom the action o f  reverse 
transcriptase on  m R N A  (cDNA probes) or  
alternatively represent a discrete segnlcnt o f  
DNA (genomic probes). Probes are labelled 
with" P-nucleotides. Boiling converts probes 
in to  ss DNA. Hybridisatiorz enables thc radio- 
labelled probes to  anneal with corrcspondirig 
ss DNA scquenccs. Excess probe wllicli has not  
anncalcd is renloved by washing. Hybridisa- 
tion 1s clctcctcd by autoradiograpliy o f  the 
~ l l c n ~ b r a ~ l c  filtcr. 

All unaltered gene structurc is indicated by 
restriction enzyme fragment lengths which 
correspond t o  those expected in normal.  
F rag~ncn t s  of  different size indicate a gene 
~-currangc~llcn t or  a DNA poly m o r p l ~ i s ~ n .  
More r c c c ~ ~ t l y .  syntllctic probes (oligorlucleo- 
tides) have been produced.  These are ss 
nucleotidc sequcnccs of approxinlately 10 
bases. T w o  are usually necessary in diagnostic 
work.  One oligonucleotidc lias normal base 
secluenccs. The  second contains tlie sequences 
found in the mutan t  DNA segment.  Careful 
selection of  hybridisation and washing condi - 
t ions cnables differential hybridisation of  
the two  oligonucleotides t o  their respective 
gene scquenccs. DNA with normal.  1letcro;ly- 
gous or  h o ~ n o z y g o u s  genc patterns nlay then 
be identified. 

Gene mapping has becn applied cxtcnsively 
to  the detection of  gcnctic discasc. The 
tlialassaenlia syndromes providc useft11 lnodels 
for thelse disorders. For e x a ~ n p l c .  cx thalassae- 
mias in the ~na jo r i ty  of cases result from 
gcrrc deletions. Tllercl'orc. altered restrictiu~l 
cnzynic mapping patterns associated with 
the d globin genes b c c o ~ ~ l e  diagllostic. In  
contrast  are rrondelcrior~ul tlisordcrs suc11 
as tlic p tllulassac~ili;~s. Tllc nlajority of  
molccl~lar dcfccts in p t l~alassuc~nia  involve 
intl-agcnic p o i ~ ~ t - I I I I I ~ ~ ~ ~ O I I S .  In thesc situations 
restriction enzynies pat terns  are usually 1101-1na1 
and cunvcntional g e m  rnappi~lg is unl~elpful  
for diagnosis. tlowevcr. genc nlapping Inay 
still be useful througll an indirect approach 
which relies on linkage between nor~l la l  or 
~ n ~ ~ t a n t  genes and DNA p o l y ~ n o r p l i i s ~ ~ ~ s .  In- 
I'o1-111ation obtained fro111 gcnc ~ n a p p i ~ i g  lnay 
also be applied t o  carricr idcntit 'icatio~i (c.g.  
the I lac~nopl~i l ias)  and antenaral diagnosis. 

CLONING A N D  SEQUENCING DNA 
Fol.cign DNA may be inserted in to  vectors 

such as p l~agc .  plasnlids o r  cosniids. VCCIOI.S 

are then inserted (rransfectcd) in to  llosr bacteria 
(usually E. coli). Vectors may contain markers 
such as antibiotic resistance genes to  enable 
selective growth of  transfected bactcria. 
Replication of  the transl'ectcd bacteria and the 
vector within the host ensures production 
o f  large amoun t s  o f  the foreign (clorred) DNA. 
The vector can be purified easily after bacterial 
lysis and foreign DNA, now in large aniounts ,  is 
recovered by digestion with restriction enzylnes.  
The genetic code is deciphered by  seyuerrcirig. 
In the commonly uscd Sanger me thod ,  a 
scrics of  transcripts o f  the DNA is nladc. 
Eacli 01' these ter~l i inates  with a dideoxvnucleo- 
tide (dd). The transcripts are radiblabclled 
and separated according to  length by  gel 
electrophorcsis. Thc lengths of  tlicse trans- 
cripts inclicatc the intervals bctween which 
a give11 base occurs since. for example .  there 
will bc fixed lc~lgtl l  transcript ending in tldC 
for each d G  in tlie sequcllce bcing copied and 
read. If the procedure is rcpeatcd using each 
o f  the renlaining didcoxyni~clcot  idcs (ddG.  
ddT .  d d A )  the cntil-e sequence can be dcduccd.  

MAKING A DNA "LIBRARY" 

A ge~lonl ic  library consists 01' the entirc 
genonlc o f  the cc11 cu t  in to  sniall pieces c a c l ~  
of  which is cloned in to  bacteria as described 
above. Each bactcrial colony in the library 
represents one such piece of  tlie gcnulne.  
cDNA is nladc from I ~ R N A  tcnlplate using 
reverse transcriptasc. When c lo~ led  illto bac- 
teria each bacterial colony will represent onc  
spccics of  cDNA. o r  one  spccics 01' I I IRNA 
in tlie cell 01' origin. Altllough the cell contains 
only about  12.000 different IIIRNA's,  
a p p r o ~ i ~ i i a t e l y  170.000 colonies arc I-equisctl 
t o  provide a 99% cl la~lce  o f  ~reprcscnti~lg cvcry 
species in the library. Libra!-ics may be scrccrrc.tl 
by  seeking a bacterial colony wllicli con ta i~ l s  
DNA co~n l> le~nen ta ry  to  a labelled PI-obc e.g. 
a short  s t r c t c l~  01' syntllctic DNA (oligonu- 
clcotide).  This is conveniently perf'ornled by 
lysing the bacterial colonies on nitroccllulusc. 
t o  which DNA binds tightly. and l iyb r id i s i~~g  
a s o l u t i o ~ ~  ol' the radiolabellcd probc t o  the 
t.iIte~-. 

GENE EXPRESSION 

One  additional application o f  recombinant 
DNA tech~iology lias been the ability t o  isolate 
a gene seqircnce. insert it in to  appl-opriatc 
cells and r l l an ip~~ la t c  the gcnctic enviru~lnlcnt  
i l l  o rder  to  obtain protein PI-oduction fro111 the 
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gene. Already therapeutic agents such as 
insulin, growth hormone, interferon, plasmi- 
nogen activator, hepatitis B vaccine have been 
prepared in this way. Whilst the genetic code 
is universal, a number of problems must be 
overcome before a functional protein can be 
synthesised by genetic engineering. They 
include: 

(i) Transcription of a cloned gene insert: 
This requires the presence of a promoter 
recognised by the host (e.g. E. coli) RNA 
polymerase. The number of gene copies 
present in the vector (e.g. plasmid) may 
also be significant. 

(iii) Post-translational processing: 
A common post-translational modification 
of  protein involves removal of signal 
sequences. The latter are involved in 
passage of protein t h r o u g ~  the cell mem- 
brane and so will determine if expression 
of protein is intracellular. The post-trar~s- 
lation event o f  glycosylation required 
by some proteins for activity does not 
occur in the prokaryote system described 
above. Some post-translational problems 
need to be overconle by use of eukaryote 
expression systems. For example, vectors 
such as SV40, retroviral or caccinia viruses 
which are integrated inio cultured 
n-arnmalian cell lines Inay be used. Viral 
DNA in this instance becomes incorporated 
into host cell chsoniosomes. 

(ii) Translation of mRNA: 
T o  be efficient, translation requires mRNA The principles and problems inherent in gene 
t o  have a ribosolllal binding site. A corn- expression Illay be illus~rated by reference to 
nlon]y used host systeln is E. coli. i l l  preparation of  insulin as a therapeutic agcnt 
this cast the translation start codon (AUG, XIJ t!le ultimate goal o f  gene therapy through 
GUG) alld a nearby DNA sequence col11prise insertion o f  genetically engineered DNA se- 
the riboso~nal binding site. quences into patients with genetic disorders. 
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