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On 25th July, 1978, Louise Joy Brown, the world’s first baby to 
be conceived via in vitro fertilization (IVF) is born at Oldham 
and District General Hospital in Manchester, England, to 
parents Lesley and Peter Brown. The healthy baby was 
delivered shortly before midnight by caesarean section and 
weighed in at five pounds, 12 ounces.

Some of the mitochondria in the baby boy’s mother’s cells have a 
mutation that causes Leigh syndrome, a fatal neurological disorder. 
Most of her mitochondria function properly, so she doesn’t have the 
syndrome. But she can pass the disease on to her children: Two 
have died of the disease and she has had four miscarriages.
Her son’s birth in April caps nearly three decades of efforts to 
manipulate mitochondria and produce healthy eggs — initially to 
overcome fertility problems and now to avoid passing on disease. 
Although it takes three people to make these fertilized eggs, some 
researchers take issue with the moniker “three-parent baby.” 
Pioneering clinical embryologist Jacques Cohen calls the term 
erroneous. Mitochondrial DNA doesn’t contribute to a person’s traits, 
so a mitochondrial donor hardly constitutes a parent

Cytoplasmic transfer.                 -September, 2016
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Information in nucleic acid can be perpetuated or transferred, but the transfer of 
information into a polypeptide is irreversible.
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A brief history of genetics.



© Avery, et al., 1944. Originally published in The Journal of Experimental 
Medicine, 79: 137-158. Used with permission of The Rockefeller 
University Press.

Rough (left) and Smooth (right) colonies of S. pneumoniae. (pneumococcus)



Simultaneous injection of both heat-killed S-type and live R-type bacteria can 



The DNA of S-type bacteria can transform R-type bacteria into the same S-
type.
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A brief history of genetics.
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Hershey Chase experiment (1952)
The genetic material of phage T2 is DNA.



Eukaryotic cells can acquire a new phenotype as the result of transfection by 
added DNA.



A brief history of genetics.
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the-story-of-dna-modified-by-karobi-moitra

original papers

NATURE | VOL 421 | 23 JANUARY 2003 | www.nature.com/nature 397© 2003        Nature  Publishing Group
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A polynucleotide chain consists of a series of 5’ –> 3' sugar-phosphate links that form an 
“external” backbone of the structure from which the bases protrude inward.
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Rubin’s Vase illusion
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A-form double helix

B-form double helix

C-form double helix

Z-form double helix



�45



�46

A DNA: Right handed double helix, 11 bases pairs per turn, bases are 
tilted 20o, no defined major or minor grooves, 2.9 Angstrom rise per base, 
C3'-endo pucker preferred, bases adopt the anti configuration. 

B DNA: Right handed double helix, ~10 base pairs per turn, bases are 
perpendicular to helical axis, 3.4 Angstrom rise per base, clearly defined 
major and minor grooves, with the major grooves being ~22 Angstrom 
across and the minor groove being only 12 Angstrom, C2'-endo pucker 
preferred, and the bases adopt the anti- configuration. 

Z-DNA: Left handed double helix, 12bp per turn, irregular helix, bases 
irregularly tilted off the perpendicular axis, ~7.5 Angstrom rise per 
dinucleotide repeat, some discernible irregularly defined grooves, bases 
alternate between both the C2' and C3'-endo pucker conformation, as well as 
the anti and syn configuration.
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�48https://cellandbioscience.biomedcentral.com/track/pdf/10.1186/2045-3701-2-3

http://www.nature.com/nature/journal/v437/n7062/full/nature04088.html
https://cellandbioscience.biomedcentral.com/track/pdf/10.1186/2045-3701-2-3
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DNA mimicry by a high-affinity anti-NF-{kappa}B RNA aptamer
Nucleic Acids Research react-text: 55 36(4):1227-36 April 2008

https://www.researchgate.net/journal/1362-4962_Nucleic_Acids_Research
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What difference does it make?  

What benefits are potentially gained from having DNA being in one form or another??
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New biologically motivated knot table 
Reuben Brasher*, Rob G. Scharein † and Mariel Vazquez*1
Biochemical Society Transactions (2013) Volume 41, part 2



Separation of the strands of a DNA double helix 
could be achieved in several ways.
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Negatively supercoiled DNA favors local unwinding of the DNA, effectively promoting processes such a transcription, 
replication and recombination 
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A Hoogsteen base pair is a variation of base-pairing in nucleic acids such as the A•T pair. In this 
manner, two nucleobases, one on each strand, can be held together by hydrogen bonds in the 
major groove. A Hoogsteen base pair applies the N7 position of the purine base (as a hydrogen 
bond acceptor) and C6 amino group (as a donor), which bind the Watson-Crick (N3–C4) face of 
the pyrimidine base.



i-Motifs are four-stranded DNA secondary structures which can form in sequences rich in cytosine. 
They are often stabilised by acidic conditions and are “dynamic structures” comprised of two 
parallel-stranded DNA duplexes held together in an antiparallel orientation by intercalated, 
cytosine–cytosine+ base pairs.  Using antibodies, these structures have recently been shown to 
occur in vivo and are often found upstream of gene sequences..…
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Base pair, gene, and bacterial genome mutation









Since corrections of these changes can occur at either of these steps, the observed frequency of transitions is about 
10-8 - 10-10 /base/replication cycle.  



Deamination of cytosine produces Uracil, whereas deamination of 
5-methylcytosine gives rise to Thymine.



The deamination of cytosine produces Uracil -eliciting a preferential 
replacement of this overtly “RNA” base.



• The genetic code is read in triplet nucleotides called 
codons. 

• The triplets are non -overlapping and are read from a 
fixed starting point.

A “gene” is encoded within an RNA sequence, which may 
encode a polypeptide.



Every Coding Sequence Has Three Possible 
Reading Frames 

• Usually only one of the three possible reading frames is 
translated and the other two are closed by frequent 
termination signals. 

• open reading frame (ORF) – A sequence of DNA 
consisting of triplets that can be translated into amino 
acids starting with an initiation codon and ending with a 
termination codon. 

An open reading frame 
usually starts with “AUG” 

and continues in triplets to 
a termination codon. 
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• Silent mutations have no phenotypic effect, either 
because the base change does not change the 
sequence or amount of polypeptide, or because the 
change in polypeptide sequence has no effect. 

• Neutral mutations – Substitutions in bases within the 
DNA sequence that causes changes in amino acids in 
the resulting protein -that do not affect activity.
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• Mutations that insert or delete individual bases cause a 
shift in the triplet sets after the site of mutation; these are 
frameshift mutations. 

• Combinations of mutations that together insert or delete 
three bases (or multiples of three) insert or delete amino 
acids, but do not change the reading of the triplets 
beyond the last site of mutation.



As well as being functionally devastating at the level of expressed polypeptide 
sequence, Frameshift mutations also show that the genetic code is indeed read in 

triplets from a fixed starting point. 



Mutations Within a “Coding Frame” May 
Cause Loss of Function or  

Gain of Function 
• Recessive mutations are 

due to loss of function by 
the polypeptide product. 

• Dominant mutations result 
from a gain of function. 

• Testing whether a gene is 
essential requires a null 
mutation (one that 
completely eliminates its 
function). Mutations that do not affect protein 

sequence or function are silent. 
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Phenotypes of bithorax complex mutations. 
(A) Dorsal view of a wild-type male. The T2 segment produces the single pair of wings as well as almost all of the 
dorsal thorax. Dorsally, T3 produces only the halteres, small club-shaped organs located posterior to the wings. 
(B) The famous four-winged fly, in which T3 is transformed to T2. This male is hemizygous for the triple-mutant 
combination abx bx3 pbx. The abx pseudoallele has effects similar to bx mutations, but causes a stronger 
transformation of the very anterior portion of T3.
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Lewis (1990’s) proposed that, in general, dominant mutations in the BX-C changed segment identity to 
that of the next more posterior segment, while recessive mutations caused transformations in the 
opposite direction. For example, the recessive gene bithoraxoid (bxd) causes the first abdominal segment (A1) 
to take on the character of the third thoracic segment (T3). Since T3 normally carries a pair of legs as well as 
halteres (balancers), bxd mutants have four pair of legs instead of the normal three, as well as two pairs of 
halteres. Other recessive BX-C genes are bithorax (bx), mutations of which convert the anterior half of T3 to the 
anterior half of T2 (i.e. T3a -> T2a), postbithorax (pbx) which converts the posterior half of T3 to the posterior half 
of T2 (T3p ->T2p).       Thus, the double recessive mutant (bx, pbx) carries two pairs of wings*.



�91



The double helical structure of DNA ultimately provides a mechanism in to how 
this structure can be be replicated… as purines always face pyrimidines in the 

complementary A-T and G-C base pairs. 



Base pairing provides the mechanism for replicating DNA.



A brief history of genetics.



F15: Replication of DNA is semiconservative.



The replication fork
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