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Regarding question of last time...

A

human
mouse

cow
dolphin
horse
megabat
sloth
platypus
chicken
lizard

boa
python
viper
rattlesnake
cobra
cornsnake
ceoelacanth
e. shark

PPEbasepalls 47 b snake-specific deletion

ThhkA et N * * * * % * *k * hhkhkxk®x AEkedhht * * ®xhk

ATAATAAAAGCAAAAAGTAC-AAAH¥TTTTAGGTAACTTCCTTTCTTAATTAATTGGACTGACCAG
ATAATAAAAGTAAAATGCAC-AAAA-TCTGAGGTCACTTCCﬂCTCTTAATTAGTTGCACTGACCAG
ATAATAAAAGCAGAAAGGAC-AAAA-TCTGAGGTAACTTCC TCTTAATTAATTAGACTGGCCAG
ATAATAAAAGCAAAAAGTAC—AAAH-TCTGAGGTGACTTCC TCTTAATTAATTAGACTGGCCAG
ATAATAAAAGCAAAAAGTAC-AAAA—TTTGAGGTAACTTCCTHTCTTAATTAATTAGACTGACCAG
ATAATAAAAGCAAAAAGTAC-AAA&-TTTGCGGTAACTTCCTFTCTTAATTAATTAGACTGACCAG
ATAATAAANAGCAAAAAGTAC- -~TTTGAGGTAACTTCCTTTCTTAATTAGTTAGACTGACCAG
ATAATAAAAGCAAATAGTAC —TTTGAGGTAACTTCCTkGCTTAATTAATTAGGTAGACCAG
ATAATAAAAACAAATAGTAC -TTTGAGGTAACTTCCTFGCTTAATTAATTAGGTAGACCAG

ATAATAAAAGCAAATGGTAG TCTGAGGTAACTTCCTFGCTTAATTAATTAGGTAGGCCAG
ATAATAAAAGCARATGGTACCAAA N ~ v e e e e ~ATTTTAATTAATTAGGTAGGCCAG
ATAATAAAAGCAAATGGTAGCGAAN - -----—FTTTTAATTAATTAGGTAGGCCAG
ATAATAAAAGGAAATAGTAGCAAT# ---------------- ~TCTTTAATTAAT----TAGGCCAG
ATAATAAAAGCAAATGGTAGCAATR ---------------- ~TCTTTAATTAAT=-~~~TAGGCCAG

ATAATAAAAATAATCGGTACAAAAq-TTTGAGGTAACTTCCTFCCCTAATTAATTAGATAGACCAG
ATTAATAAAGAGAGCAGTATGAAAN-~TTGCAGTGATTTCCTTGACTAATTAATTAGATCCACCAG

2



Some genes: large variations

Resurrected

Snake ZRS snake ZRS

Enhancer
knock-in

2 weeks



Not all DNA codon based

Regulatory sequence: does not code for protein

Polydstronic operon

Regulatory sequence Regulatory sequence
1

Enhancer

Jsilencer Operator Promoter 5'UTR ORF {}RF ,-’srrencer
] s | |
Stop
I S S ——- o
Transcripfion Protein coding region Protein coding region
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‘ﬁan slation
Protein .




|_ast time

 Alphabet of 4 letters

« \Words with 3 letters

» Each word - a particular amino acid
» Gene - a particular protein



3-letter words

Second Letter

c A G
UuU | Phe |ucu UAU ‘ T™w |[uGu ‘Cys u
U [uuc ucc | ser |UAC UGC c
UUA | oy |UCA UAA Stop |UGA Stop|A
UUG UCG UAG Stop |UGG Trp |G
cuu ccu cau | His |ceu U
¢ |cuc | Leu|cce | Pro |cac CGC | arg |C
1t CUA CCA CAA | GIn |CGA A
CUG CCG CAG CGG G
letter AUU ACU AAU | Asn |[AGU | Ser |U
Alauc | ne |ace | mr |AAC AGC c
AUA ACA AAA AGA A

L Ar

AUG et | ACG aac | ° |ace |9 |¢
GUU GCU GAU | Asp |GGU U
G |GUC | ya |GCC | Ala | GAC GGC | gly |C
GUA GCA GAA | ¢y |GGA A
GUG GCG GAG GGG G

Jrd

letter

 Lethal mutation: UAC - UAA or UAG
* No effect: UAC - UAU (both Tyrosine)



Base pairng In forensics

Polymerase chain reaction - PCR
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o Denaturation at 94-95°C
) Annealing at ~68°C
€) Elongation at ca. 72 °C



How to study origins & remains of life?

« Top-down versus bottom-up

— Bottom-up: how nonliving
matter combines to make living
maltter

— Top-down: extrapolate biology
toward simplest living organism

I« Biomarkers/biosignatures
— Extinct life (no longer alive)
— Extant life (currently living)

ormaiion
of the Earth



Biomarkers

e Petroleum, fossil fuel
— Molecular fossils
— Organic-rich rocks

 Astrobiology
— Cellular remains
— Textual fabrics in sediments: structure & function
— Biogenic (biologially produced) org. Matter
— Minerals deposition affected by biological processes
— Stable isotopes reflecting biological activity
— Atmospheric constituents: concentrations € biol source




Subjectivity
Textual fabrics or organics

— Difficult to tell whether biogenic or not
— Glant stars produce carbon compounds

Martian meteorite
— controversial
— abiogenic
13C also not
unchallenged

Contamination
(for meteorites)




Biosignatures from space
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Intensity (counts)

Spectral lines

« Emission spectrum
« Absorption lines
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A search for life on Earth from the Galileo
spacecraft

Carl Sagan , W. Reid Thompson , Robert Carison’, Donald Gurnett’
& Charles Hord’

* Laboratory for Planetary Studies, Cornell University, lthaca, New York 14853, USA

T Atmospheric and Cometary Sciences Section, Jet Propulsion Laboratory, Pasadena, California 81108, USA
{ Department of Physics and Astronomy, University of lowa, lowa City, lowa 52242-1479, USA

§ Laboratory for Atmospheric and Space Physics, University of Colorado, Boulder, Colorado 80309, USA
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Think about other
non-equilibrium processes



What is the energy source?

Resulting activity

mountains  geothermal heat = Keeps rock rolling

15



What is the energy source?

Resulting activity

mountains  geothermal heat = Keeps rock rolling
Atmosphere Solar heating Keeps rain coming
El circuit Electric energy Keeps motor running
living cell ~ Carbon supply ADP > ATP

energy from
sunlight or
from food

inorganic R &
phosphate (P;) 16




Commonalities:

« All life uses ATP
 All life uses same genetic code

- Common origin?
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Next time

» Organic matter in the Universe

 Synthesis of organics on early Earth
— Miller/Urey experiment, Murchison
— Chirality
» Biomolecule delivery from space
 Reading:
— RGS pp. 18-29, Lon pp. 214-218
— BS pp. 204-212
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