——GeneticsNetworks ——————————

- RussB.Altman
R R . —— R —SS—SSieiS————————————————————————.—.

— Whatisageneticnetwork?

__Individual geneshave a function (e.g. transforminga
——substance or bindingto-asubstanece)————————

—Setsof functionswhen-sequenced-can-produce
— pathways (e.g. output of onetransformationisthe
___input toanother) ...~~~

__Sefsof pathways, asthey interact withother
—pathways,create-agenetic network-of iteractions———

—Theemergent propertiesof these networksconstitute ——
the “observable$ when we study cells.
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File Edit Miew Go Communicator Help

Cysteine metabolism - Standard metabolic pathway
Go to: [ LnkDB search | Ortholog Table ]
Go to: IStandard metabolic pathway j Exec |

| cvsTemE mETABOLISM |

Thiowuliate

o
§-ulfo-L-cyteine azsas] 0oyl L-Serins
42998

Clyvine, serine and | _
tueonine mewbelism /77

Paniothenate and )
Cods biosynthesis ﬁ

99.8] [ 425910 [[42594]

[4a1s][18aa][1646][16a1]

O
Sulfate S-CHutathiongl
L-cwateins

EFERN | YRR

[o0272

Communicator  Help

EC 4.2.59.9
O-guccinylhomoserine (thiol)-1lyvase
Cystathionine gamma-synthase
Lyvases
Carbon-oxygen lyases
Other carbon-oxygen lyases
SYSNAME O-Succinyl-L-homoserine succinate-lyase ({(adding cyste
REACTION O-succinyl-L-homoserine + L-Cysteine = Ccystathionine
SUBSTRATE O-Succinyl-L-homosserine
L-Cysteine
Hydrogen sulfide
Methansethiol
PRODUCT Cystathionine
Succinate
L-Homocysteine
Methionine
Z-oOxobutancate
NEE
COFACTOR Pvridoxal phosphate
COMMENT ~ pyridoxal-phosphate protein. Also reacts with hydrc
and methanethiocl as replacing agents, producing homoc
methionine respectively. In the absence of thiol, car
catalyse beta,gamma—-=liminaticon to form %7oxobutanoi}ﬂ
»

|Document: Done
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—  EcoCYC Metaboli Database

—http:/fecocyc.pangeasystems.com:1555/server-html———

Metscape
File Edit “iew Go Communicator Help

E. coli Pathway:
o

cysteine biosynthesis

T —acatyls arine
(thicl)lyase & =5
(=) seineacebylizansfurass: ask ﬁ,;f‘;ff{y’:;‘“; b
5 4 2.51.30 o i 40008 etete
|<_7/__:\\; —————————— ————/f/———L—eysteixlg
acetyl-Cob Coenzyme & HaS

Synonyms: cyssyn

Superclasses: Indniadual anuno acids

Net reaction equation: L-serine + acetyl CoA + sulfide = L-cysteine + CoA + acetate -
Comment: The pathway to sulfide synthesis feeds m to tlus pathway for cysteme biosynthesis.

Pathway interactions: Cysteine is used in the synthesis of methionine, both sulfur containing
anmuno acids.

Superpathways: sulfate assimilation and cysteine biosynthesis

Locations of Mapped Genes:
o (==

|Document: Done

Gene Functions: X, Y, Z

Pathways: X-Y, X-Z-Y, X-Z-X
Networks: XY.
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—— StudyingGeneNetworks—————

— Until recently, difficult because
(1) Data about interactions and timing of

———expresson-was very-difficult to-collect.
— (2)Nogood methodstoanalyzethese
. _petworks

~_ Butnow,

— (1) Methods for measuring the “network”are
—availlable.— ——-—~— — — — ——

(2) Progress made in thinking about
———computing-on-these network:

—— (1) Fix pieces of DNA of known sequence-on-a2-——
dimensional array (e.g. all 6000 yeast genes)

—(2)—Gather samples-from-cells-under-two-conditions—

— (e.g.starvedvs not starved)

_ (3)_Label themRNA of the two samples with
— fluorescent dyes of different colors (greenfred)

ix the samples_and pour on t array
—mRNA-thatiscomplementary{in-Watson-Crick——
— sense) will anneal to pieces of DNA.
—(5)Measure fluorescence to-seeiflevelstoRNA-in——
the one sample is same, more, less than the other.
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DNA array gives a snapshot of thelevel of mMRNA
——expresson-(and-thusproten)inthecell-ata
— paticulartme———— 0

~availability of mRNA over time, or in responseto

cancer, normal vs. disease, etc...

— Whattodowitharraydata?

ome_obvious_choices

1. Cluster genes based on similar gene
————expression=-a-new-metric for “similarity”

— separate fromsequence measures.

~ 2 Trywinfer genetiinteractions basedon
— Uming and co-regulationorgenes.
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— " Cluster analyss=unsupervised learning

1 Defineadistance metric between twogene
————expression-patterns(e.g.- Euclidean distance=———

RT * * 2 + y lJZ * % 2
 Create a distance matrix of alpairwise dist

—and-then-find-closestpairs;-and-combine-them-(like—

——2—Randoemly-generate“seed”points-of-the-same——
— dimensionality of the data, and map data points-to
—¢closestseed- O(N).— —— — — — ——

Fol reprazsion Fold nducton
28 -6 -2 2 )
_

+ Cyclor
heximide

£EE oy EEE
woEE=ECnms
oSN e
Prolferating el nucksar aniiga
jomo sapiens geminin MANA, complsta ccla
S5% Wratan
“DNA topoisomerase |l alpha
DNA fopoeomarase Il apna subunit
EST Ta21a2
EST A40626
Mitotic feecback control protein Madp2 homalog
SID212374 EST HGe2os
ESTe. Highly smiar o UBIQUITIN.CONJUGATING ENZY
CENP-F kinetochors protei
HIBON UCLEOSIDE- D\F’HOSF’H ATE REDUCTASE M1CHA

Cyclin A
SIDISUD FLAR ENDONUCLEASE-1
alpha impart
Bimn mANA for KIAAQDED gone, pariial s
SID510231 Ribonucleofice racuctass M2 polypeptids
Cell division cycle 2. G110 S and G2 to M
Human occludin mRNA, complets cds
CDC26 protein kinass &
Cyclin B1
UIDP-GLUCURONOSYLTRANSFERASE 287 PRECURSOH
Activating transcription factor 3 (ATF3)
SID376284 Prolain phosphatass 4 formerly X). catalytic sul
SID3B1BAE EST
SID1202336 EST To56d
55-C-FOS meooncocsNE FROTEIN
Early growth responss protsin
S0 MM DAL EARLY RESFONSE FROTEI NORSES
Macrophage irflammatory protsin-2-alpha precursor (MIF-2
juman Gem GTPase (gem) mRN A complete cds
SID129778 Translerrin receptor (pg0, GOT1)
EST AABRAT19
EST T3
Protsin yrosine-phosphatase {ssus iype: forsking
PUTATIVE DNA BINDING PROTEIN A0
HUMAN IMMUNCDEFIGIENGY VIRUS TYPE | ENHANGER
SID364850 Hexceam nidass 8 (bela polypspilds)
Small A2 {monceyle otein 1
SID428844 Human mRNA for KMAEHST gene, pa rllal eds
Interieukin 1, beta
Interieukin &

ETS-2

*EST W25116

SID346510 Homo sapiens hC PE-R mANA for CPE-receptor]
*EST AADS3251

EST AADS3251

Vascular sndothelial gowih factor

SID47424 EST H11257

S-ADENOSYLM ETH\ONINE SYNTHETASE GAMMA FORM!
SID 162077 EST H2627

SID52519 EST H24C1€lﬁ
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—Protein chipsto assessinteraction of proteins

——(lay-dewn-proteins,-and-thenlabel-others,——————
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——Given-N-genes; therearean-exponential number-of ——
connections between the genes.

— Relationshipsarenot generally +/~butare
~_continuousvalued (e.g. concentration of molecule
— variessmoothely.

~ Must useknowledge about expected function and——

— membership-in pathwaysto prunethelist of
—possiblenetwork-interactions———————

— | < 1110 4

_ 1. All genesareeither in_on state or off state

2. Stateof ageneat time T determined by the
—logical-combination-of statesof regulatory
— genesattimeT-1
- e
— dmulatetheevolutionof thenetwork.

— Very smplified, but still useful for seeingthe
——kindsof propertiesthat can-emergefrom————
these networks.
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- S G
—a-p——samplenetwork—————————
- B=AOC
—C=(Aand B)or(B-and-C)or(AandC)
—equivalent to:

— I'NPUT——— OUTPUT

—  Somesamplestatetransitions———

101-011-111-111-111...
~— 000-000-000_..
~—001-010-100-010-100..

—010-100-010-100-010-—
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~ Thingstonotice
— Attractorsarecar-besatic{only-onenodero————
—dynamic(sequenceof nodesthat repeat).

Different equilibriums are possible, even for very
——simplenetwork.—These can-correspond-to:

(onlyonenocde)jor ——

_ disease state
oA
___perturbed state

— Transitions from one attractor to-another require
—external-events{(starvation, food-supply, heat,

etc...) to create mutation in state, and move to
—different-attractor-
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— Corr ences

— GeneticNetwork — Boolean Network

——Genotype/DNA——————————Wiringand-rules————
Gene Element of state

—Expressonpattern————State ————————

— Development————— Trajectory
Maturecell ~ Attractor

se(from-Somogyiet———
Y - | )

—__Genefor_every function, function for everygene.
~ Completereduction of organismintogenes
— Determination of protein structures/activities
~ Mapping molecular gene product nteractions

—Assembly-of-database-of- molecularmechanisns——

——Synthesisis sum-of-parts computer model-
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— New Premise(from Somogyi et ——

——Genefunction-distributed-acrossparallel-network

— Identify genesand genetic network elements
—Determine states of network-(expression-patterns)———
— Mapout alternativetrajectoriedattractors
— Revarseengineer thenetwork
_ paralld-trajectoriessuggest sharedinput
—temporal-linksdetermined-by-waveshapes————

— RNA Structure Computations

- RussB.Altman—— — —
o - - |
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E—= 1 [0) [0]0 1075 | B f(6) [=-S 54 )\ /A —
— 0. Like DNA, RNA-contains 4 subunits(AUGC). 1t

—_Istessstanlethan DNA, soisnot a storage media:

— 1. theDNA codeageneiscopied intomessenger
____RNA (mRNA)

— 2. mRNA isthe version of the genetic codetrandated
—attheribosome. —— — — — — —

—3.theribosomeismade up RNA-(ribosomalRNA-or——
- RrRNA

— ribosome, asit readsthe mRNA by molecules
called transfer RNAS (tRNA)

20 Transfer RNA

RNA) charged with Y SN

aminhoacids———————————————————
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— RNAhas3Dstructure——
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— Tertiary Structure
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~ RNA tolding Isusually nest

— RNA

—Normal-base pahint

y——
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I'he eacreponding seeondary alrLelure :

P
39— 466G/ T
T-C-C 64666
T oo - 5
e-T—¢
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acifius subtilis ANase P ANA

M - multi-loop
-interior loop

E- bulge loop
H- hairpin loop

~ ShowsampleRNAfolds

—Shoew sample RNA structures——
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-  Structure

——-look-at columns of amultiplealignment ———————————
--find WC or nonCanonical relationshipsthat are
—preserved-despitemutations————

;assumptmniau)pumaﬁconaryﬁstwcturﬂsiati

E- ]
-
E
7
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— Covariation istakenasagold
- ciEnckndior ofiier precilion
~—— methoas

—AUUCGGCGACGAAU Prmay ———

Structure

— Based on the observation that the stability of an RNA——
~—fold can be decomposed into the contributionsof

—Il-Hydrogen-bondsofbase-pairs ———

— 2. Favorable“stacking”interactions of bases
— (parallel planes ofrings)
—3.—Some-Ad-hodasepairscreated-in-irregular———
—structures-(such-as-loops-of 4-tetraloops)
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—Dot plet-approach-(lookfor-diagonals)—

A UUCGGGCACGAAU

A
U
U
C
G
G
G
C
A
C
G
A
A
U

zarkin_loop
GGGUGCUCAGUACGAGAGGAACCGﬂﬂCCC
1

i

CCCACGCCAACCACAGCAUGACUCGSUGSS

11
[
CGCOUGCUCAGUACGAGAGGAACCGCACCC
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Baciliss subtiis FNase P RNA

M - multi-loop

I -intaerior loop

E- bulge loop

H- hairpin loop
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—meore-€elaberate schemesdeveloped-by Turneret-al-

—(http:fwww-ibewust-edui~zuker/egi=binfefites:cgi?T=37#STACK)
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- R ingEnergies—————
Emm%?%:ﬂm%mm

mmetﬂcugesmjcesi

—5-Asymmetricbulgesin-heliees —— — —

6. Increasing size of loop at end of helix
—7.Multiple branchesfrom-a single loop-(next side)

~ A (

A U CG

—— RNAFoldingAlgorithm—————

——Use dynamic programming-approach.

~ SeeMichael Zuker's home page for comprehensive
~ description of state-of-the-art algorithms.

_ http://alicewustl.edu/~zuker /Bio-5495/RNAfold-html/ = OL D

— http/iwww. ibc.wustl.eduw/~zuker/rnal

~ Recursions availableat
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Articodon loap

— =1/ = @) DN £/ @00 | > § | E—

— http/lwww.ibcwustl.edu/~zuker/rnafformls
-t
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File Window  Help

| =8l Bl 8jo] 2l0] £] Bl &

RMNA Sequences {0 =

Test RNA

— sequence
= structure:
- structure:

395 bases
—342.287 kJ (37 C)
—472.084 kI (25 C)

s

c

Structure: "Test RNA®

N
\ A

.

o

o
\C
G

AN
4C,
T

.

[-472.084 k). 25C) [l B3

A
N
‘\

30074

§B3 ChG pairs

33480 pairs

;12 GU pairs
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