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BB At the simplest level, chromatin

is a double-stranded helical . y ,:,
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DNA is complexed
with histones to
form nudleasomes.

Each nucleosome consists of
eight histone proteins around
which the DNA wraps 1.65 times.

e

3 A chromatosome consists
of a nucleosome plus the
H1 histone.
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Nucleosome core of —7 ,;'/
eight histone molecules ‘

3 . ..that forms loops averaging Chromatosome s
300 nm in length.,
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The 300-nm fibers are
compressed and folded to
produce a 250-nm-wide fiber.
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B 1he nucleosomes fold up to
produce a 30-nm fiber...
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B3 Tight coding of the 250-nm
fiber produces the chromatid
of a chromosome.
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DNA (Deoxyribonucleic acid) it &z it% i

RNA (Ribonucleic acid) #Z% ¥
PNA (Peptide nucleic acids) ki
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Non-coding RNAs

RINA

arino acids

l;; Francis Crick, 1958; Nature 227, 1970

PROTEIN

? 3-5%

NCRNA (75% plants)

Protein synthesis
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ko E 3= NESI YIS P
HIIK I,

DeepMind& 7 7
AlphaFold 3, XE1Z%3!
MIERFThRA, H—DHH 1
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2022 [: 2024 C:

DeepMindf1EMBL-EBIT£2022
F7THKEE - AlphaFoldE
ZIN Y B2 N EB RIS
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OpenAlFTH HH—F A TERER
AW BERESVIETEH—
—ChatGPT (Chat Generative
Pre-trained Transformer)

OpenAl's New
ChatGPT
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Bioinformatics & Omics

Experiment Information Technology

instrumentation  Mathematical & Phys

BNA Sequence

HE DR 410y

Gene & genome Genome sequencjp AR BAR AT il 2

organization — Genomic data Statistical g

Molecular evolution - I‘—le Transcri;)tfmics analysis tatistical genetics
= ol 2H 55+

Protein structure,
folding, function &
interaction

Proteomics DR 2E R4 2% i G R T

— TR bidk. vt

) Functional Protein structure prediction,
Metabolic pathways R 212 genomics protein dynamics, protein
regulation SRSl (Epigenetic folding and design
Signaling egulation
RCHE R 7 BRAEAY J% 4K AT 2 T EL
Networks SRS XS BRrEAL B o b 52 2 A s T s B G

RAVAFH
Phenomics

Data standards, data representations,
and analytical tools for complex
biological data

AR
Computational ecology

Dynamical
system
modelling

Physiology & cell
biology
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Interspecies
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Ecology & v
environment
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Big Data!

o {HITHhER EEJEF46+103 M HE MM (HEKRE2.9* 102857

s MEMNME EBEL10(EMHYETEERSEERNEEANE)

- HE R SHELI500-550012M1, EEYSHREAI60-100%

- HERRBREEZLS50-130021E, EEBEEN0-140{Z1E, WEEPLLIEY) 21063
« BNHEERELE K/ 0.5+100-1.4%107bp (so far)

* NMERINKRAFLI00F A ME T, SBFEEMNL-3% QFER)

o NERRE/AZ940-605124, FHERE10-20mm

* Even in Escherichia coli, for instance, there are 225,000 proteins, 15,000 ribosomes,
170,000 tRNA-molecules, 15,000,000 small organic molecules and 25,000,000 ions
inside the a few pm cell.

* There are estimated 1014-101° biochemical reactions in a cell.
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New Technology: Detectable & Precise, “Seeable”!
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Different results °°
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Just like half of the world’s spoken tongues, most of the 2,300-plus computer Code-raker Grady Booch, Rational chief scientist, is working with the Computer Key
o e r are either end ed or extinct. As powerhouses C/C++, History Museum in Silicon Valley to record and, in some cases, maintain languages by writing (1958 Year Introduced
V:sual Basic, Cobol, Java, and other modern source codes domi our sy new ilers so our hangi g hardwarg can grok.th.e code. Why bother? “They tell % JENNN  Active: thousands of users
hundreds of older Ianguages are running out of life. us about the state of software practice, the minds of their inventors, and the technical, social, ! CE
- A o . o A S & 3 Z & e % 5 Protected: taught at universities; compilers
An ad hoc of s — electronic | if you will - aim to and economic forces that shaped history at the time,” Booch explains. “They’ll provide the available
save, or at least document, the lingo of classic software. They’re combing the globe’s raw material for software archaeologists, historians, and developers to learn what worked, Endangered: usage dropping off
9 million developers in search of coders still fluent in these nearly forgotten lingua what was brilliant, and what was an utter failure.” Here's a peek at the strongest branches Extinct: no known active users or up-to-date
Traci ng the roots of computer francas. Among the most endangered are Ada, APL, B (the predecessor of C), Lisp, of programming’s family tree. For a nearly exhaustive rundown, check out the Language List compilers
Oberon, Smalltalk, and Simula. at www.informatik.uni-freiburg.de/J: i g._list.html. -~ Michael Menduno Lineage continues

languages through the ages
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| | |

Fortran 90 1SO/IEC |
Created for the 1BM 7090/34. | |

"‘};,',,#‘;‘,',‘,’;',,,, Cobol Cobol 6 ANSI Cobol 74 ANSI Cobol 85 : 00 Cabol
used languages i — | | [
incience and ITTRTN  Tho cui boind 9 9 ARG s ¥ Schomo IEEE
e e I
dz\e—uvuc‘u‘sw"u akn g ac o children through classes at universities. R i
languages. Oriented Language. sl emie | [
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e |
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== ‘ - i od

. [ | | ‘

ANSIPL/1 |

Self4.0
Programming Language/Microcomputers

Invented by John McCarthy at MIT,
Lisp has an unusual syntax made

up of lots of nested parentheses.
Still popular with Al researchers.

1 1 | |

Asinplo object- Inialy callod Oak. St one of the

orientod language. . i Somaddoeshe the Sadaris T bosweon
| | Sun and Microsofi, Somewnat ike C+, Jova allows for

Smallallc80 X U R “wita once; portabiy across tho Net.
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eigenbaum’s
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Byan ntomatons) Zurich

Microsofts answer to Java,

s e
juage us ix admins

st g oo - ia manpuiato lrgo conhy

more portable. Initially called L”%f;:“”,wmfm'rgl_ ——— files programmatically,rather
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The US Department of Defense’s effort to craft a standard object-oriented Found i ions of Web pages. Originally du LiveScript, it
Modular
Language

Survival of the Fittest

mummwm depl

Reasons a language endures, with examples of some classic tongues

Appeals to a wide audience C (bolstered by the popularity of Unix)

Gets a job done Cobol (designed for business-report writing)

Delivers new functionality Java (runs on any hardware platform)

Imquane for its work. Named after Ada Lovelace, arguably the world's first

Fills a niche Mathematica (speeds up complex computations)
puto programmor, and creatod by Joan Ichbiah'steam at Honeywoll,

| toride Java's buzz.Ithas e in common with that language.

odula 2150 2

Offers a modicum of elegance Icon (has friendly, line-oriented syntax)

Has a powerful user base or backer C# (developed by Microsoft for .Net)

Has a charismatic leader Perl (programmer-author Larry Wall) R |
ascal
] ! |
The Swiss Ariy Ko of pograminiog (aka Practical Exraction ond [ |
n-pm Languago), used for patching &gmr i 00 Perl 4.000, { |
ar? pmcl:amg I:‘ngulga for text ; iy ‘im. Y | | |
and formula manipulation, common m
Dovi Erbr Righ Grwdld, and St ) ! ! """ Tha Kitchen sink of command-fine | | |
e 4 2 ore > C-Shell, a scripting language and command- | Standard ML, a |
Ivan Polonsky at Bell Labs. - v (Frprikechay bl Sl oo it piTne s for Un Frame-bosed |
mp; the one-liners, also referred. G W A 1o maka Unixcommard ines ‘Pora ke Cs. nguage. peseiTg e origis fanguage. | |
gﬁnam' raciors for Snobol : SML 50 ‘ ‘
ecial set of wlor, Icon Page-description language for printers a1 !
um' gmam Meta yphics systems; 75 percent of all commercial | ;
Iverson at Harvard. Language Somentyara protuced on PostScriptprintrs. | | ezt |
atory telescope at . - PostScript Level 2
e R Kitt Peak in Arizone. | Categorical Abstract Machine Language |
oo acvanced ianguages, a wol 5 tho L |
FRadioShack TRS-80 computers tht made Microsoft Basic | | ‘ The o
it sel Is for jinner’s 5 1! : M‘IV programming
A-Purpose Symbolc Insracton Code:  Basic S Basic 2.0 ' " ' ' } languagos. Popul for building Web
| | | t Microsoft’s Visual Studio tools. |

Sources: Paul Boutin; Brent Hailpern, iate director of science at IBM i 5 7
Todd i senior at Mi ; Gio Wiederhold, computer scientist, Stanford Umvarslty
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