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DNA & RNA: Nucleic Acids

e Store & carry genetic information.

 DNA (deoxyribonucleic acids) have molecular weights
~ 6 x 10°to 16 x 10° daltons (amu) and are found inside
the nucleus of the cell.

 RNA (ribonucleic acids) have molecular weights
~ 20,000 to 40,000 amu and are found in the cytoplasm
outside the nucleus of the cell.
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Nucleic Acids (DNA & RNA)

e DNA and RNA have different sugars (dexoyribose vs.
ribose).

e There are only five bases found in DNA and RNA:
— adenine (A),
— guanine (G),
— cytosine (C),
— thymine (T found in DNA only), and
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Genetics & DNA
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DNA: Size, Shape & Self Assembly

Views & Algorithms
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Protein Biosynthesis




Nucleus of cell

~22,000 define
a human



DNA

Amanda Ruby
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Adenine

Phosphate-
deoxyrlbose
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Guanine 5' end



Sense strand - the “other”
} \\ strand, not transcribed.

m R N A Sense vs. Antisense strands

Antisense strand - the one
mRNA attaches to, and is
complimentary to.

& mRNA is similar to the sense
W strand, except T2>U.

Antisense DNA from the left: GTAGGT...
MRNA: CAUCCA...



Coding Strand

eSS e e e e e TTC - oo 1
(Codons) 5'>>> TTC >>>3
DNA
Template Strand \ .
(Anti-codons) I <<<-mmnn- AAG------ <<<5
mRNA | Message 5 > > > nmn- UUC------ >>>3
(Codons)
tRNA Tranfer 3<<<AAG<<<¥§
(Anti-codons)
Protein ﬁlcril;no Amino > > > Phenylalanine > > > Carboxy

Coding Strand = Antisense strand: TTC
Anti-coding = Sense strand

MRNA:

UucC




Protein Biosynthesis

3

Codons

* mRNA is translated in Stop

“chunks” of three,
called codons

* The starting nucleotide Stop
is determined using Trp.
bioinformatics to find
the reading frame

» The genetic code is
degenerate

(similar, but not identical)

Cys

—>

5" AUG CAA CCC GAC UCC AGCY¥
3’ UAC GUU GGG CUGAGG UAG Y’

Met--Gln-—Pro—--Asp--Phe—Ser




1st

letter

Protein Biosynthesis

Codon Chart

Second Letter

c A G
uuu | Phe |ucu UAU ‘ v |uGu ICys U
uuc ucc | ser |uac UGC c
UUA | Loy |UCA UAA Stop |UGA Stop|A
UUG UCG UAG Stop |UGG Trp |G
cuu ccu cau | His |ceu U
cuc | Leu|ccc | Pro |cAc CGC | arg |C
CUA CCA CAA | GIn |CGA A
CUG cCG CAG CGG G
AUU ACU AAU | Asn |AGU | ser |u
AuC | e [Acc | mr |AAC AGC c
AUA ACA AAA AGA A
AUG et | ACG aanc | *° |ace |29 |6
GUU GCU GAU | Asp |Gou U
GUC | val |GCC | ala | GAC GGC |aiy |C
GUA GCA GAA | g, |GGA A
GUG GCG GAG GGG G

3rd

letter



Several nucleic acids linked
together form DNA

Three nucleic acids in a row
form a codon, which codes for
different amino acids

Several consecutive codons
form genes

Genes code for a sequence of

amino acids _
~22.000 define

. . . a human
Several amino acids linked

together form proteins



DNA: Genetics & Genomics
1865

Timelines

[ unlockinglifescode.org/timeline?tid=4
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EXPLORE ABOUT LEARN

TRAVELING EXHIBIT MEDIA CONNECTIONS

1865 | Gregor Mendel the father of modern

genetics, presents his research on experiments in
plant hybridization

Gregor Mendel(1822-1884)

https://www2 .edc.org/weblabs/Mendel/MendelMenu.html



DNA: Molecular Discovery
X-Ray Crystal Structure

-DNA: Rosalind Franklin

12 base sequence
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MOLECULAR STRUCTURE OF
NUCLEIC ACIDS
A Structure for Deoxyribose Nucleic Acid

E wish to saggest o structum for the aalt

of deoxyribose ruokw wsold (D.N.A).  This
steucturn hos novel featunes which are of consderuble
biclogeal interest,

A atructure for mockic scid has already beon
proposed by Pauling and Corey?. They kindly made
thuir mosusesipt avoilable o ue in advanos of
publicatson,  Their model conssts of three intor-
twined chaing, with the phoaphates near the fibre
axis, and the bescs on the outside. In our opinian,
this stoucture s unsatisfactory for two reasons :
(1) Weo heliove ehat she moterinl which given tho
X-ray dngnum is the salt, not the froee ackd. Withoue
the aoidio hydrogen otoms it is not chear what foroes
woukl hold the stractun together, cspooially s the
lmmr)\ oharged phosphates noar the oxis will
ropel etk other, (2] Scme of the van der Waals
dstances op 1o be too small

Another three-chain structure has also been sag-
gestnd by Fraser (in the press). Tn hiv model the
phosphates are on the outside and the boses on the
wwnide, linknd together by hydrogen bonds, Thix
structure aa deseribed s rorher ill-defleed, and for

this resson we shall not «

-
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ie & resldoe on each chain wwery 34 AL in the s-direc
tioss. We huve nesamed on lnxlc of 38" betwoun
adjacent residuca in the aame chain, so that the
structure repests nfter 10 resuclucs on coch chain, that
¥, after 34 A. The disance of s phosphorus atom
from the Ghire axis is 10 A, As the phoaphates e on
the outside, cations Bave wkiy scoses to them,

The structure is an open one, owd its water confont
@ rathor high. At lower water contents wo would
expeot the 10 tadt 20 that the structure conld
became mare comgaot

The novel foaturo of the structure is the manner
in which the two chains are held together by the
purine and pyrimiding base. The plunss of the bases
are porpenidicular to the fibre axis. They are joised
together in pairs, o sizgle bass from one chain being
hydrogen-booded o o single base froen the other
chain, »o that the two lie side by sido with ideaticol
2.00.ondinates. One of the pair must be & purine snd
the other & pyrimidine for bonding to occur. The
hydrogen bonds aee made as follows ; purine pmmnn
1 to pyrimidine position 1; purine position 6 to
pyrimadine position 6.

IF it is sssumed that the bases only ceeur in the
structure in the most plisible tsutomeno forme
(that is, with the koto rother than the wnol ocon-
figurationn) is in found that only specific peirs of
bases con bood toguther. Thess pairs sre ;1 adenine
[purine) with thymine (pprimidine), and guaning
[purine) with oytosine (pyrimédine).

Irs otlur words, if ae ad forms one ber of
a pair, on elther chain, then on thease asaunptions
the othes msenber must be thymine ; similncly for

gusnine snd cytosime. The sequesco of bases oo 0
singls chain doms not appear to be restricted in any
woy. However, if only specific pains of bases can be
formed, it follows that if the soquence of bases on
cane chain is given, thes the ssquence on the other
chain s outomatioally deteemined.

Tt ke boen found experimentally? that the ratio

on it.

We wish to put forenrd o
radically differvnt stroctare for
the salt of deoxymbose nuolode
acid, This wiructure has two
helieal ehains enct coiled round
the mume nxis (seo dingram), We
have made the ussal chumical
assumptions, nsmely, that each
chain cosmints of phoaaphato di-
ester groups jolming A-p-deoxy
ribofuranoss resduss with 867
linkages, The two chains (but
not their bises) aro mlsted by o
dyad perpendicular to the fibre
axie, Both ohsins follow right-
bandod bolicss, but owing to
the dyad the sequemces the
atoer in the two chasw run
in opposite  directions.  Each
cham  Jocmly rvsembles  Fuar-
berg's* model Noo 1; that is,
the bams wre on the inade of
the belix and the phosphates on

oy the outside, The configuration

-~ --ntd:u the  of the sugar amd the stome

"“uvb-»‘m eor it s close to l"\uh:«g'o

w'm.lu:.u,::: ulnnc!:‘t‘; -mﬁgnlnn ;::n N lhn
wagor roughly

s the tho wels  oulne to the attached buss, l‘hm

Tab Agsre W pusdy
diagrareralie. The

of the & of aderine 1o thyming, and the ratic
of guanine 1o oytosine, are always very close to unity
foe deoxyribose muckic nesd.

It is probably impossble to baild this strocture
with & riboso sagar in plaos of the deoxyribose, us
the extra oxyRen atom would make 100 cloee & van
dor Waals contaot,

The peevicasly publisied X-ray data® an deoxy-
ribose nunlele sokd sre insafficient for o rigorous test
of oar slruclure. S0 far & wo cun tell, it is roaghly
compatible with the experimental doto, but it must
bo mgarded s unproved until it has been checlked
against more cxnot results. Soume of thess are gives
in the following coenmunications, 'We were not awsre
of the details of the resalta pevssevtod theew whaon wo
devissd our struoture, which rests maindy though not
eaitieedy o6 publishod experimontal date and stesvo-
chemicol argumeats,

It has not wscnped our notios that the speafic
poiring we hove postulated fmmsedimoly suggests a

ble oopying mechanism for the genstie materinl.

Full deteils of the stracture, inchaling the con-
ditdons sssumed in bailding it, together with o set
of eo-ordinates for the atoms, will be published
clsowhere.

We wre much indebéed to Dr. Jorry Donohos for
cosatant advice ond eriticism, saposally on inter-
atomio distances, We have also been stimulsted by
» knowledgn of the gesseral natuars of the unpublided
ex| ntal reeults smd sdeas of Dr. M. H. ¥,
Wilkiss, Dre. R, E. Frooklin and their co-worioers a3
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Restriction Enzymes /| Recombinant DNA

Berg, Boyer, Cohen, and many others

http://nar.oxfordjournals.org/content/early/2013/10/18/nar.gkt990.full

Host Plasmid

Cleavage by Restriction
Endonucleases
Annealing Point of attatchment
| and annealing
ZAAN
Sticky ends Recombinant

Specified Genes Plasmid DNA



PCR: Polymerase Chain Reaction = The Nobel Prize in
Chemistry 1993

1 98 9 Kary Mullis, Cetus-Chiron-Roche, Emeryville
Polymerase Chain Reaction g
v . e -,‘ = : \

Kary B. Mullis Michael Smith
Prize share: 1/2 Prize share: 172

- b T
enature
T and anneal primers

I.I.I.I.I.LLI.I.LI.I.u.I.I.I.u.I.I.I.I.IJ*I.I =
I.I.I.Im.I.I.I.I.I.I.LI.I.I.I.I.I.I.I.I.I.I.I.LLLI.IJ.I.I.I.l Denature =
¥ 5 Anneal Primers

And New Strands
o W

™ |« T
Anneal Primers

And New Strands 8 copies

T ™™ }
v I 20 30 cycles

v

Millions and Millions of copies

4 copies
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The Human Genome Project: ax
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Exploring our Molecular Selves.
/_DYNAMIC TIMELINE !

Anfmation

hy = Roger
BACK ‘ } MORE ON THIS YEAR : J SaquISt
‘ : Chairman
CEO
1 994 Calgene

The FDA approved the sale of the first genetically modified food — the
FLAYR SAYR tomato, deeming it as safe as conventionally-bred tomatoes.

The FDA’s decision onthe FLAYR SAYR tomato — marketed by Calgene,
Inc. of Davis, California — marked the first time the agency evaluated a food
that was genetically engineered. FLAYR SAYR tomatoes are modified ko
stay firm after harvest, so they can be left on the vine longer before
shipping. The FDA decided the change in the tomatoes was not great
enough to warrant mandated labeling describing the alteration.

©

enes, Variation The Future of How to Sequence Glossary
& Human History Research & Medicine aGenome




1995
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Genetic Fingerprinting

8ug

D jeans _shirt _ v \ ke

Blood on glove found on Sanpson's
property appeared to contain
genetic markers of Simpson and
both victims. i

OJ Simpson and the bloody glove.



O Start =
_\ The Human Genome Project:

Exploring our Molecular Selves.
/_DYNAMIC TIMELINE__"

1 99 6 International strategy meeting on human genome segquencing
Mouse genetic map completed

Yeast genome sequenced

Archaea genome seguenced

Congress outlaws genetic discrimination in health insurance
280,000 expressed sequence tags (ESTS)

Human gene map created

Human DNA sequencing begins.

W) 3 W ©

.' Genes, Variation The Future of How to Sequence Glossary
:Human History  Research & Medicine aGenome

select the topic
you would
like to review

http://www.genome.gov/25019879
http://unlockinglifescode.org/timeline?tid=4
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DONOR CELL IS PLACED NEXT TO
OQOCYTE AND FUSED WITH IT BY
AN ELECTRICALCURRENT

EMBRYOQ DEVELOPS AS THOUGH
ANEWLY FERTILISED EGG

CHROMOSOMES ARE REMOWVED FROM UNFERTILISED EGG



Human Genome: Distribution of the molecular functions of 26,383 human genes.

cell adhesion (577, 1.9%)
miscellancous (1318, 4.3%)

viral protein (100, 0.3%)

chaperone (159, 0.5%)

cytoskeletal structural protein (876, 2.8%)

extracellular matrix (437, 1.4%)

immunoglobulin (264, 0.9%)

ion channel (406, 1.3%)

motor (376, 1.2%)

structural protein of muscle (296, 1.0%)

transfer/carrier protein (203, 0.7%)

transcription factor (1850, 6.0%)

protooncogene (902, 2.9%)

sclect calcium binding protein (34, 0.1%)
intracellular transporter (350, 1.1%)
transporter (533, 1.7%)

nucleic acid enzyme (2308, 7.5%)

signaling molecule (376, 1.2%)

receptor (1543, 5.0%)

kinasc (868, 2.8%)

uononpsuey [eusis

select regulatory molecule (988, 3.2%)

transferase (610, 2.0%) GO categories

synthase and synthetase (313, 1.0%)
oxidoreductase (656, 2.1%)

lyase (117, 0.4%)

ligase (56, 0.2%)

isomerase (163, 0.5%)

hydrolase (1227, 4.0%) molecular function unknown (12809, 41.7%)

Panther categories

J. Craig Venter et al. Science 2001;291:1304-1351

AYAAAS

Published by AAAS



2001 Golden Rice

http://www.golden

| — W

.
s, h R s
udy 2008

Hunan St
Golden Rice Paper 2012
Patents for Humanity Awards 2015

http://news.sciencemag.org/asiapacific/2013/09/golden-rice-not-so-golden-tufts



Transgenic Crops
Genetically Modified Organisms (GMOs)

&9t S

Gene X Gene for transposase

DNA injected into bloodstream in lipid
capsules that enable it to enter cells

yg\“: Cell makes transposase

M\ : "N
‘S 3 f
rebrgeat oy B sczveih 90 ’ -
\ - L] '
The enzyme cuts out
gene X and inserts

itinto a random spot

Gene X in the genome

Gene for transposase
breaks down
after a few days

Gene machine

i

http://www.greenpeace.org/international/Global/international/publications/agriculture/
2013/458%?20-%20Golden%?201I1lusion-GE-goldenrice .pdf

http://www.i-sis.org.uk/rice.php



2015 Golden Rice

http //www goldenrlce org/

Hunan Studv 2008
WITHDRAWN July 2015

Patents for Humanity Awards 2015
http://news.sciencemag.org/asiapacific/2013/09/golden-rice-not-so-golden-tufts



The American Journal of

CLINICAL NUTRITION

HOME | CURRENT ISSUE | EMAIL ALERTS | ARCHIVES | SUBSCRIPTIONS | SEARCH FOR ARTICLES
CUSTOM PUBLICATION FAQ | ASN

® 2012 American Society for Nutrition =] « Previous | Next Article »

Table of Contents
B-Carotene in Golden Rice is as good as 3-
carotene in oil at providing vitamin A to

. 1,2,3,4 0t dor 10,3945,
U /
children!:2:3; ajen.111.030775

WITHDRAWN:
For lack of evidence that all human
participants provided full consent

This Article

supported
by Massachusettes Court (August 3, 2015)

L3 TNy, W PULATULETNE (V.0 1T1Y), anu 3P € LIt 1Y) WO TEUNOn were

|+ Google Scnolar
2 0, 2 3, and 7.5 to 1 by weight, respectwely

[+] PubMed

Conclusions: The B-carotene in CR is as effective as pure B-carotene in oil and H Agricola

better than that in spinach at providing vitamin A to children. A bowl of ~100 to B Social Bookmarking
150 g cooked GR (50 g dry weight) can provide ~60% of the Chinese [=] .l “ B
Recommended Nutrient Intake of vitamin A for 6-8-y-old children. This trial was an @
registered at www.clinicaltrials.gov as NCT0O0680212. D ¥
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Genome Editing / CRISPR-Cas9

https://www.youtube.com/watch?v=2pp17E4E-O8
https://www.youtube.com/watch?v=SuAxDVBt7kQ
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ranscription
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Genome Editing / CRISPR-Cas9
Target
-Thalassemia: Shortage of [3-globin Protein

Normal 3-globin



Genome Editing / CRISPR-Cas9
2016 -Thalassemia / Human Embryo Research

http://chemconnections.org/general/chem121/Gene%20Editing/Gene
%20Editing%202015-0153 .pdf

CRISPR/Cas8-mediated gene editing in human tripronuclear zygotes RESEARCH ARTICLE

A
G2: (;TCTGCCGTTACTég“lc:}?(n(; G GGCTGCTGGTGGTCTACCCT
[15(:G) 142(-TTCT)
CD17(AAGTAG) CD41/42(-TTCT)
HBB

Gl: GTAACGGCAGACTTCTCCTC

C
GFP 1 g 2 ug 3 ug 4 ug

OT @ O @ O o _ O @ OT n

1234567i"’1234567i‘”1234567i’ 1234567i1234567i’

E
5' ...gcatclgaclcc((ljfl\ I\(Iul\l\f'l\ll\l\ll%(l(lxtl i (li'lr(l‘zl\tl'tgccctgtggggc... 3 Edited allele
3' ..cgtagactgaggaCTTCTTTTTAGGCGACAGTGacgggacacceeg... 5' Olige donor
5 gactcctGAGGAGAAGTCTGCCGTTACtgecet 3 WT allele

EB» =1 EBTEES ED =T
CD17(AAG>TAG) HBB
CD14/15(+G)

ssDNA
Transfection {

pX330-G1

]
(&
o3
=
o
B
o

TA cloning

N U PCR 3
M8h - = amplification I Seguencing
L‘

DNA
At extraction




Genetic Fingerprinting Science.

FORINSCS
A 1xdb TS A 1k
- -

1985 | nanograms

= - Amount of DNA needed
p— 1 for fingerprinting when the
: Pt technique was first published

2016

in 1985. It corresponds to : *Forensics
- about one drop of blood or = ePaternit
100,000 cells. i34 y

WHENDNAIS Military-ID

END a3 — |

* Anthropology
= eMedical
nanogram Diagnosis
The amount that, in some
cases, suffices today. It
- corresponds to about 20
cells, a number that could be -

found in a fingerprint.
http://science.sciencemag.org/content/sci/351/6278/1133.full.pdf



Fig 1. Storing the total amount of information encoded in DNA in the biosphere, 5.3 x 1031 megabases (Mb),
would require approximately 1021 supercomputers with the average storage capacity of the world’ s four
most powerful supercomputers.

5.3 x 10" Megabases of DNA = 10" Supercomputers

2016

,’ o
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http://journals.plos.org/plosbiology/article?7id=10.1371/journal .pbio.1002168#pbio-1002168-g001

Landenmark HKE, Forgan DH, Cockell CS (2015) An Estimate of the Total DNA in the Biosphere. PLoS Biol 13(6): e1002168. doi:10.1371/

journal.pbio.1002168
@.PLOS ’ BIOLOGY



Table 1. The total DNA content in the biosphere

2016

DNA amount (Mb)
Prokaryotes 1.6 (1.1) x 10*
Unicellular eukaryotes 1.3 (0.9) x 10*°
Fungi 1.7 (3.4) x 10%7
Animals 4.2 (1.5) x 10%°
Plants 3.6 (3.4) x 10*'
Viruses 4.0 (3.4) x 10*°
Total 5.3 (3.6) x 10*'

doi:10.1371/journal.pbio.1002168.t001

Landenmark HKE, Forgan DH, Cockell CS (2015) An Estimate of the Total DNA in the Biosphere. PLoS Biol 13(6): e1002168. doi:10.1371/

journal.pbio.1002168
@.PLOS ‘ BIOLOGY
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Bioengineering:

Structural Materials & Molecules
Bacteria & Yeast
Healing Concrete

http://heronjournal .nl/56-12/1.pdf

Control spéclnen :
after healing -

B: Bacterial specimen Bacterial specimen
before healing after healing




2017- Bioengineering:
2019 Bacteria, Yeast & Chemical Synthesis

Brewer’s Yeast
(Saccharomyces cerevisiae)

Chinese Wormwood anti-malarial
(Artemisia annua)

HO

cannabadiol (CBD)



