mMitoosi meioosi fertilisaatio

replikaatio rekombinaatio

repair repair

'\ '\ / mendelistinen genetiikka ,
DNA-huusholli KOODI?

Geenien toiminta

@ o = |kehitysgenetiikka

© @ | immunogenetiikka

DNA =~ RNA proterinit syopagenetiikka
transkriptio prosessointi translaatio — .
regulaatio ELAMA!

Genetiikan perusteiden miellekartta: geneettinen triplettikoodi



Translaatiossa mMRNA:ssa tarvitaan seuraavat sanomat :
m’G - pipo

Ehk& internal ribosome entry site IRES

poly-A -hanta sirkulaarisen polysomin muodostamiseksi
AUG aloituskodoni ensimmaista metioniinia varten

UAA, UAG tai UGA lopetuskodoni RF:aa varten

Seka ennen AUG-kodonia ettd STOP-kodonin jalkeen voi olla
saatelyyn osallistuvia UTR- jaksoja (untranslated region)

UTR koodi UTR
M’G ---AUG----(IRES) -----AUG -----...=—-UAA---——-p(AAA)



Translaatiossa mRNA:ssa tarvitaan seuraavat sanomat :
m’G - pipo

Ehka internal ribosome entry site IRES (CELL 448)
poly-A -hanta sirkulaarisen polysomin muodostamiseksi
AUG aloituskodoni ensimmaista metioniinia varten

UAA, UAG tai UGA lopetuskodoni RF:aa varten

Seka ennen AUG-kodonia ettd STOP-kodonin jalkeen voi olla
saatelyyn osallistuvia UTR- jaksoja (untranslated region)

UTR koodi UTR
MG ---AUG----(IRES) -----AUG =----...-=---UAA------p(AAA)



Tassa tulikin jo pari triplettikoodin sanaa

Aloitus (= metioniini) AUG

STOP: UAA, UGA tai UAG

Koodin murtaminen oli molekyyligenetiikan historian

suuria juttuja: nobelistit Holley (tRNA), Khorana ja
Nirenberg ( )



http://www.nobel.se/medicine/laureates/1968/index.html

The Genetic Code

1st position 2nd Position 3rd Position

(5’ end) U C A G (3" end)
Phe Ser Tyr Cys U
l l Phe Ser Tyr Cys C
Leu Ser STOP STOP A
Leu Ser STOP Trp G
Leu Pro His Arg U
Leu Pro His Arg G
‘ Leu Pro Gln Arg A
Leu Pro Gin Arg G
e Thr Asn Ser U
lle Thr Asn Ser &
A lle Thr Lys Arg A
Met Thr Lys Arg G
Val Ala Asp Gly U
Val Ala Asp Gly 2
( i Val Ala Glu Gly A
Val Ala Glu Gly G




Amino Acids

<SS Hd 00X OV R T OTTMOOP

Ala
Cys
Asp
Glu
Phe
Gly
His
lle
Lys
Leu
Met
Asn
Pro
Gln
Arg
Ser
Thr
Val
Trp
Tyr

Alanine
Cysteine
Aspartic acid
Glutamic acid
Phenylalanine
Glycine
Histidine
Isoleucine
Lysine
Leucine
Methionine
Asparagine
Proline
Glutamine
Arginine
Serine
Threonine
Valine
Tryptophan
Tyrosine

Codons

GCA GCC GCG GCU

UGC UGU

GAC GAU

GAA GAG

UuC uuu

GGA GGC GGG GGU

CAC CAU

AUA AUC AUU

AAA AAG

UUA UUG CUA CUC CUG CuU
AUG

AAC AAU

CCA CCC CCaG cCU

CAA CAG

AGA AGG CGA CGC CGG CGU
AGC AGU UCA UCC UCG UCuU
ACA ACC ACG ACU

GUA GUC GUG GUU

UGG

UAC UAU
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DNA words are three
letters long.

The genetic code had to be a "language" — using the DNA

alphabet of A, T, C, and G — that produced enough DNA
"words" to specify each of the 20 known amino acids.
Simple math showed that only 16 words are possible from a
two-letter combination, but a three-letter code produces 64
words. Operating on the principle that the simplest solution
is often correct, researchers assumed a three-letter code

called a codon.

Research teams at University of British Columbia and the

IBEGINNING

/ |

by ade
GARALCGG

National Institutes of Health laboriously synthesized different RNA molecules, each a long
strand composed of a single repeated codon. Then, each type of synthetic RNA was added to
a cell-free translation system containing ribosomes, transfer RNAs, and amino acids. As
predicted, each type of synthetic RNA produced a polypeptide chain composed of repeated
units of a single amino acid. Several codons are "stop" sighals and many amino acids are
specified by several different codons, accounting for all 64 three-letter combinations.
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/

CODON MRNA

1 NUCLEOTIDE = 4 POSSIBLE CODONS
2 NUCLEOTIDES = 4 X 4 POSSIBLE CODONS

This made sense, because a codon made from only one or two nucleotides would not
produce enough combinations (words) to code for all 20 of the known amino acids.

T Al cells arice fom pre-sdeting celle,

B S cellshame ote set of chromosomes ;
Tody cells B tae

0 Specinlized choomosomes determirie
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CODON MRNA

However, a three-nucleotide codon produces 64 combinations. This would produce a
redundant, or degenerate, code where several different codons specify the same amino
acid. The parsimony principle — that the simplest solution is often right — ruled out a

3 NUCLEOTIDES = 4 X 4 X 4 POSSIBLE CODONS
3 NUCLEOTIDES = 64 codons for 20 amino acids

T Al cells arice fom pre-sdeting celle,

B S cellshame ote set of chromosomes ;
Tody cells B tae

0 Specinlized choomosomes determirie
gader.

10 Chromosomes CATy geres

11 Genes zet shorfled when chromo somes
e ze pieces,

12 Erohition begine mrth the inheritarnce of
et TaTinticne

173 Merudeline James to bommar beitgs .

14 DiferudeLinm s camrot ity
bomma beadth and beharior,
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OF GENETICS>
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15 DA and prote e are ke moleoales ofthe
cellpoaclons,

16 One gene makes one protein,

17 fgene jemade cf DML,

1% Bacteria and winices hare DA too .

10 T DA moleoale js chaped like a tardsted
Tndder,

20 Al DA Tadder is o template for
coprrin the whole,

1 EHA ie an i ermedinry betrreen DA and
protein,

23 DA mrords are fhres letters Jomgs,

25 b gene ic a dicoete cequerce of DL
moaclegtides,

24 The BHAmessaze is sometimes edited.

2% Some wimses store Zenetic hformet oz
EHA.

26 EMAwme the first genetic moleoale,
27 hifitatioke are chargmes i Zeretic

28 Some types of mttatione are mitometicalbe
repaired.
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20 DA i packazed i o chromosome .

S0 Higher cells feorpomte ar et
chromios ome .

&1 Some DHLA does not emcode protein.

52 Some DHLA cam fump
33 Rerwes canbe irved o and off,

S eres canbe momed betareen species .
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In 1961, Heinrich Matthaei, a visiting post-doc, and | started experiments to test the
triplet codon hypothesis. We used a cell-free extract of E. coli because we believed that
this extract should contain all the components needed to translate mRNA into
proteins. The extract was treated with DNase to destroy any remaining E. coli DNA —
so there was no template from which messenger RNA could be made.
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16 One gene makes one protein,

17 fgene jemade cf DML,

1% Bacteria and winices hare DA too .

10 T DA moleoale js chaped like a tardsted
Tndder,

o bomman beitgs

20 Al DA Tadder is o template for
coprrin the whole,

1 EHA ie an i ermedinry betrreen DA and
protein,

23 DA mrords are fhres letters Jomgs,

25 b gene ic a dicoete cequerce of DL
moaclegtides,

24 The BHAmessaze is sometimes edited.

2% Some wimses store Zenetic hformet oz
EHA.

26 EMAwme the first genetic moleoale,
27 hifitatioke are chargmes i Zeretic
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repaired.
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52 Some DHLA cam fump
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When we examined the products produced in this cell-free system, we found MOLECULES &
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Matthaei and | tried other polynucleotide chains. Poly-C made a proline (PRO) chain; poly-A MOLECULES @
made a lysine (LYS) chain. Interestingly, no protein was made with the poly-G chain. OF GENETICSX
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16 Ome zene makes ome protein.
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1er researchers and | quickly recognized the power of this approach. Using RNA MOLECULES &
nplates containing different nucleotide combinations, we assigned amino acids to OF GENETICSX
out 50 triplet codons. SECOND LETTER 15 DA mdpoosine o keymelsoles oithe

cellymclone,
U C A G 16 Ome mere mabes cne proteis.

UUU@ ucu UAU} UGU-¢5|U 17 iz bl of DHA.
vuc uc c} SER UAC TR 2 C 1% Eacteria mmd wimees hare DHA too.
U UUA e UCG ? 2 A 19 mN&mohculeissh@edlikntm’md
oF 5 .
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AND CONTROL

20 DA is pachiazed i a chromes ome .

=0 Higher cells frcorporte a arcient
chromosome,

e ra—= & 3] Some DHA does not encode protein,
h=1 |Q| v ;’ e~ Bﬂ %‘ 37 Some DHA com frmp.
CONCEPT ANIMATION GALLERY AUDIO/VIDEQ BID PROBLEM LINKS 33 Genes canbe timed on and off.
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Hi, I'm Phil Leder. | helped Marshall Nirenberg with the rest of the genetic code. MOLECULES

OF GEN ETlcg;
SECOND LETTER 15 DM and proteins are kevmolecules ofthe

cellpanclens.

U C A G 16 Ome mehe mabces ot protedt.
uuu ucu UAU UGU-os 17 Agene bs made of DHA,
yuc "lu C C} SER u AC} TR uGc 18 Eacteria and wimses hare DA too,
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LEU )

UG uca@ ? UG G-Trp
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}"E"' }Mzc

10 The DHAmoleole ¢ chaped I a tadsted

20 Abalf TS lndder ic 3 template for
oy the while.

21 EHAic an rdermedinry betareen DHA and
proteir

32 Db words are thoee letters loxs,

33 A gene is a diecete sequence of DHA
roacleotides,

24 The BHA messaze ic cometimes edited,

25 Bomewinases chore geretic Fdommation
BHA.

2 BHA e the first menetic malele,
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ccc cact |caGc
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uco cCG cac@® cc @
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Uu~, |GcCu GAU}MF GGU
UA Gcc}m GAC cGC®™
uc% GCA GAA-"YIGGA

ccc@|cac-@|cac

FIRST LETTER
Y1137 QUIHL

28 Some types cfmmtations are atomaticalhy
Tepadred.

=H
ORGANIZATION
AND CONTROL

20 DA i packiazed i a chromosome .

30 Higher cells frcorpormte ar arcient
chromosome.,

3] Some DA does vt ercode protedn.
Bﬁ 32 Some DA car fomp
PROBLEM LIMKS 33 Cemes cambe tvied on and off.
34 Cenes capybe mow ed betareen species .
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tRNA is the molecule that carries amino acids to the
ribosomes for protein synthesis. In 1962, Robert Holley
solved the structure of tRNA. Although tRNA is single
stranded, stretches of complementary nucleotides hydrogen
bond to form short double-stranded regions, which bend
the tRNA into a characteristic cloverleaf shape.
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16 One gene makes one protein,
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20 Al DA Tadder is o template for
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23 DA mrords are fhres letters Jomgs,

25 b gene ic a dicoete cequerce of DL
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24 The BHAmessaze is sometimes edited.
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26 EMAwme the first genetic moleoale,
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Using their cell-free translation system, Zamecnik and his
group showed that tRNA becomes activated when the

amino acid binds to the tRNA's stem. This step requires
chemical energy in the form of ATP.
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10 T DA moleoale js chaped like a tardsted
Tndder,

20 Al DA Tadder is o template for
coprrin the whole,

1 EHA ie an i ermedinry betrreen DA and
protein,

23 DA mrords are fhres letters Jomgs,

25 b gene ic a dicoete cequerce of DL
moaclegtides,

24 The BHAmessaze is sometimes edited.

2% Some wimses store Zenetic hformet oz
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26 EMAwme the first genetic moleoale,
27 hifitatioke are chargmes i Zeretic
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hexanucleotide sequences.
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roteir.
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roacleotides
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lDNA FROM THE T A cells arise foom pre-esst g cells

DNA words are three |BEGINNING | 3 foplimessstimmons
o ecinlized chromosomes determite
letters long. (_/‘ Sl dumcsn axaita

Zader,
10 Chromosomes camry Zeres
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kTl pieces

12 Erohition begine etk the theritace of
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After that, all | had to do was make specific trinucleotide and hexanucleotide chains to MOLECULES

confirm the genetic code. OF GENETICSX

SECOND LETTER 15 DH.A andproteins are keymolecules afthe

cellymclens
U C A G 1A Ot Zeree mabies ore protei,
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uu

C Tndder,
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1®
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UA GCC GAC GGC
GGUCb GCA.GAA Gﬁﬁ}o
GUG GC GAG GGG
Tepaired,
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to words, the genetic code

SECOND LETTER

f Crarwes ame real thivey

We also found that translation starts with a specific codon AUG — the only
unique codon — and there are stop codons that end translation. So, in addition

aexmnclosmnclarnc]la=nc
d31137 AdIHL

[DNA from THE
|IBEGINNING

/

also has punctuation points. U C A G
uuu ucu UAU uGu
U vuc®|u ¢ um:}! Ucc}g
UUA ucc E'UAAﬁUGAW

uuG UCA uac @|uce-

cuu ccu CAU} cGu

n:c'CUC ccCccC Eﬁ.EOCGC

E CUA CCAQU\A}. CGA

i CUG CCG CAG CGG

= AUU ACU AAU}e AGU

b A Auc}-@ ACC AAC AGC

T AUA acal@®|ann o] A GA

Auc®|aco AAG AGG

GUu GCU GAU} GGU

cleua GCC cnc/®|cec

Guc ccal@|can GGA

GUG GC GAG GGG

GENETIC CODE TABLE
(Mouseover table to enlarge)
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10 T DA moleoale js chaped like a tardsted
Tndder,

20 Al DA Tadder is o template for
coprrin the whole,

1 EHA ie an i ermedinry betrreen DA and
protein,

23 DA mrords are fhres letters Jomgs,

25 b gene ic a dicoete cequerce of DL
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Geneettinen koodi ja avoimet lukukehykset: polypeptidia
koodaavan geenin “ennustamisen” paavalineet

On tapana Kirjoittaa ja tallettaa geenipankkiin vain toinen juoste,
alkaen 5’ paasta, esimerkiksi nain:

S”-TTATTTTATTTCGATAATTCGACCTTAAACGCGAAACTTCACTTAAC-3”

Geenin viesti voi kumminkin olla kummassa tahansa juosteessa, ja
sen jako tripletteihin voli alkaa molemmissa kolmesta eri paikasta

Tassa voisi siis olla perati kuusi erilaista lukutapaa, joista vain yksi
lienee oikea (aloituskodonia el etsitd, vaan pelkastaan stoppeja)




q
q

q
S”-TTATTTTATTTCGATAATTCGACCTTAAACGCGAAACTTCACTTAAC-3”

37 -AATAAAATAAAGCTATTAAGCTGGAATTTGCGCTTTGAAGTGAATTG-5"

h
h

Ensimmainen kodoni voi siis olla

>>> UUA, UAU tai AUU >> TEMPLAATTINA ALEMPI JUOSTE

tal
<<<GUU, UUA tai UAA <<< TEMPLAATTINA YLEMPI JUOSTE




reading direction for sequence of top DNA strand —=

3 N- ile leu phe arg val ile arg pro [l thr arg asn phe thr [ arg -C
reading |, N- tyr phe ile ser ser asn ser thr leu asn ala lys leu his leu thr -C
1

frames N- leu phe tyr phe glu - phe asp leu lys arg glu thr ser leu asn -C
DNA 5’ TTATTTTATTTCGAGTAATTCGACCTTAAACGCGAAACTTCACTTAAC 3
3’ AATAAAATAAAGCTCATTAAGCTGGAATTTGCGCTTTGAAGTGAATTG 5!

1 ¢ lys ile glu leu leu glu val lys phe ala phe ser [l lys val -N
reading -2 C- ile lys asn arg thr ile arg gly - val arg phe lys val - arg -N
frames -3 C- asn [ lys ser thr asn ser arg leu arg ser val glu ser leu ser -N

-— reading direction for sequence of bottom DNA strand
Figure 8-52a Molecular Biology of the Cell 5/e (© Garland Science 2008)

STOP on merkitty sinisella laatikolla (UAA, UAG, UGA).

Avain lukemiseen:
leu UUA, UUG, CUU, CUC, CUA, CUG

Mika siis on geeni? Alempi val ylempi juoste? -



150 130

C TG AT TTTCAAATAALCATGCLC G A

r\ | |
A \l/ \J | a \l i | ﬂl‘

) l’ﬁ“ o I" A .-..Jr..‘ T e Alf‘.-._ -ig.i'; ju‘k W .

Figure 8-51 Molecular Biology of the Cell 5/e (© Garland Science 2008)



reading direction for sequence of top DNA strand —»

reading 3 [ [ 1 I I [ ] EEED |
e s |
frames | 2 M I NININIS EENEEENENES BN
Rl
DNA 3| - 3
readiiig R | EN 1 = ]
P— -::“|1n|1| ] 1 N I |
- BN (BN D D N VI W B

-— reading direction for sequence of bottom DNA strand | ]
500 base pairs

Figure 8-52b Molecular Biology of the Cell 5/e (© Garland Science 2008)

Téassa esimerkissa on tarkasteltu 1700 nukleotidia. STOP on
merkitty vihrealla viivalla, ja mahdolliset START-STOP -valit
on varitetty punaisella.

Ainoastaan FRAME 1 nayttaa sisaltavan pitkan jakson, joka voi
olla polypeptidiketjun rakennusohjetta.

Tat4 sanotaan ORF: iksi (open reading frame) ja se on geenin

ennustamisen ensimmainen askel. -




ORF:Iin ennustaminen jos matskua on vahan enemman

Gyrodactylus arcuatuksen mtDNA (CO1)
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SDamd Fril (Lake Font) - -

SDamb Fral (Loke Font) --TaTTTaT@aBaarrrBarTa BB AR BT AcaBBarBaacarTrraTCEaCaTTaTEAaBBET TACATATAACARE
SDamé Fral (Lake Font] --TaTTTaTEAl2aTTTBAT T2 BB AR BEracaBBarBaacarrrrarcoaccarTraTeaaBBET TACATAT AL ARE
SDam? Fral (Lake Font) --TaTTTAaTEaBaarrTBarTaBBraBrBEracaBBarBaacarrrrarcoaccarraToaaBBBrracaTaTaaCABE
SDams Fral (Lake Font) --TaTTTATEaBaarrTBarTaBBraBTEEracaBBarBaacarrrrarcoaccarratcaaBBBrTacaTaATRACARE
SDam® Fril (Lake Fone) --1aTTTAaTEaBaarrrBarraBBraBrEEracaBBarBaacarrrrarcoaccarraTeaaBBET TACATAT AL ARG
SDamlz FrAl (Lake Font) --TaTTTATEaBaarTTBarTaBBTABTEEracaBBarBascarrrrarcoaccaTTaTE BB T TACATAT A AREE
SDaml3 Fral (Lake Font) --rarrTaTEaBaarrrEaT A BB A BT BT T EaatarrrTATCCACEATTATC A2 EEET TACATATAAC AR
SHol? BtAZ6 (Crimea --TaTTTaTEaBaarrrBar A BB BT BT acaBEar EaatarrrTaTCCACCATTATC A2 BBETTACATAT LD AR
Kold BtiZ6 {(Crimea) --TaTTTaT@aBaarrrBarTa BB AR BT A aBBarBaacarTrraTCEACCaATTATE A aBBET TACATATAACAEE
Hol6 BtAZ6 {(Crimea) --TaTTTaTEaBaarrrBarTaBBraBrBEracaBBarBaacarrrrarcoaccarraTeaaBBBrTaCATATAACARE
Kol7 BtAZ6 {Crimea) --TaTTTAaTEaBaarrTBarTaBBraBrBEracaBBarBaacarrrrarcoaccarraToaaBBBrracaTaTaACARE
SKold BtaAZ6 (Crimea) --TaTTTATEaBaarrTBarTaBBraBTEEracaBBarBaacarrrrarcoaccarratcaaBBBrTacaTaATRACARE
Roll Braz? (Crimea) --1aTTTAaTEaBaarrrBarraBBraBrEEracaBBarBaacarrrrarcoaccarraTeaaBBET TACATAT AL ARG
2Rol5 Brhd? (Crimea) --TaTTTATEaBaarTTBarTaBBTABTEEracaBBarBascarrrrarcoaccaTTaTE BB T TACATAT A AREE
SKolé EtAd4? (Crimea) --rarrTaTEaBaarrrEaT A BB A BT BT T EaatarrrTATCCACEATTATC A2 EEET TACATATAAC AR
SHolz BtidZ (Crimea) --TaTTTaTEaBaarrrBar A BB BT BT acaBEar EaatarrrTaTCCACCATTATC A2 BBETTACATAT LD AR
ZKol5 BtidZz {(Crimea) --TaTTTaT@aBaarrrBarTa BB AR BT A aBBarBaacarTrraTCEACCaATTATE A aBBET TACATATAACAEE
SHolz Btidz (Crimea) --TaTTTaTEaBaarrrBarTaBBraBrBEracaBBarBaacarrrrarcoaccarraTeaaBBBrTaCATATAACARE
SKol3 Btaidz (Crimea) --TaTTTAaTEaBaarrTBarTaBBraBrBEracaBBarBaacarrrrarcoaccarraToaaBBBrracaTaTaACARE
LChol Btz (Crimea) --TaTTTATEaBaarrTBarTaBBraBTEEracaBBarBaacarrrrarcoaccarratcaaBBBrTacaTaATRACARE
LChoz BtAz (Crimea) --1aTTTAaTEaBaarrrBarraBBraBrEEracaBBarBaacarrrrarcoaccarraTeaaBBET TACATAT AL ARG
1fho3 BrA? (Crimea) --TaTTTATEaBaarTTBarTaBBTABTEEracaBBarBascarrrrarcoaccaTTaTE BB T TACATAT A AREE
3Cho3 BtA? {Crimea) --rarrTaTEaBaarrrEaT A BB A BT BT T EaatarrrTATCCACEATTATC A2 EEET TACATATAAC AR
4Chol BtiZ (Crimea) --TaTTTaTEaBaarrrBar A BB BT BT acaBEar EaatarrrTaTCCACCATTATC A2 BBETTACATAT LD AR
4Choz Btz (Crimea) --TaTTTaT@aBaarrrBarTa BB AR BT A aBBarBaacarTrraTCEACCaATTATE A aBBET TACATATAACAEE
4Cho3 Btz (crimea) --TaTTTaTEaBaarrrBarTaBBraBrBEracaBBarBaacarrrrarcoaccarraTeaaBBBrTaCATATAACARE
6Chol Btz (Crimea) --TaTTTAaTEaBaarrTBarTaBBraBrBEracaBBarBaacarrrrarcoaccarraToaaBBBrracaTaTaACARE
6Choz Btz (Crimea) --TaTTTATEaBaarrTBarTaBBraBTEEracaBBarBaacarrrrarcoaccarratcaaBBBrTacaTaATRACARE
6Chod BrtAz (Crimea) --1aTTTAaTEaBaarrrBarraBBraBrEEracaBBarBaacarrrrarcoaccarraTeaaBBET TACATAT AL ARG
ECho2 BrAlS (Crimes) --TaTTTATEaBaarTTBarTaBBTABTEEracaBBarBascarrrrarcoaccaTTaTE BB T TACATAT A AREE
5Chol BtAld (Crimea) --rarrTaTEaBaarrrEaT A BB A BT BT T EaatarrrTATCCACEATTATC A2 EEET TACATATAAC AR
SCho?z Btild (Crimea --TaTTTaTEaBaarrTBaT A BB BT BT Ao EaataT T TATCCACEATTAT A2 BBET TACATAT D AR
||
Site # 1227 & with wio Gaps

Ensimmainen TAYSI kodoni ATT
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1LV1e Bthal (L-Warjaklka); DQO72701

Vi Brisz (L-Warjakka)

10LW1 Btaz (L-Varjakka)

18LW1l EBtAZ (L-Warjakka)

1LVW1lE Btaz (L-Varjakka, DQO7E70:2

2LVEZ3 BtAz (L-Varjakka)

3LVE4 BraZ (L-Varjakka)

SBLVESh BtAZ (L-Warjakka)

4LV30 Brtaz (L-Varjakka)

eLW4]l Btars (L-Varjakka)

24LWe5 BrAZ (L-Warjakka)

41L¥W101l Etas (L-Warjakka)

d1LV102 EtiAz (L-Varjakka)

42LW1I08 BrtAz (L-Warjakka)

4ZLVW110 Btdf: (L-Warjakka)

Ve Btid (L-Warjakka)

1ZLWz Btad (L-Varjakka)

12LW3 Btad (L-Varjakka)

Z0LW13 EtAd4 (L-Warjakka)

2LWZ21l Btad4 (L-Warjakka; DQO7S704

4LV Bta? (L-Varjakka, DQO7E707

4LVl BtAS (L-Varjakka) DQO73708

ALVEEa Bl (L-Varjakka)

BLVEY Btad (L-Varjakka)

dLW3E Bth9 (L-Warjaklka); DQO727035

SLWzd Btad (L-Varjakka)

SLW35S Btad (L-Varjakka)

SLW3Y Btad (L-Warjakka)

7LV4e BraAd (L-Varjakka)

40LW1I00 BtAS (L-Warjakka)

4ZLW102 BtldD (L-Varjakka)

4ZLV10e BtAD (L-Varjakka)

4ZLV10S Btad (L-Varjakka)

d72LW11E Bl (L-Wariakka!
4

*l* *|*E | + | *|* x|E|E ||| 3 E b b b **l |** + | |*|H|*|*|*‘i|||| * = | e b e b * +
BB cE- BBl Bl e N B rlr B r - M- rrlrnrel- B BB BeE- R HEBEu B r s
b | A IYIHIILIIIIIIYIYIIIIIILAIULFIFIIYF*II*FFILYHYYI EL.BB:BFE-H-HEEE:B:r il
b | b BB R | R [FEdd [ [ PN G fEd FEE PR IRt ad B R RE B LR R
s F B - B R PR v ol B r B r Pl En R R - B B BB - R HEEE B r
B -l B R PR v ol B r B s rr e Fn R R - B B B - R BB E B r
R -l B R F R v ol B r B s r el En R R - B B B - R HEEE B r
IR -l B R F R B o B r B s rr e En R R - B B B - R HEEE B r
I FEE R E el B R iy e rHr B r =M v rr L B E - B BB B E - B BB r 1 B
I FER BB E B B B R iy rHr B =W v rrH L B EE - B BB BEE - B BB B r 1 B
b | b B B RN | R [FEdd [ ] [ PN G fEd FEE PR Rt ad B R RR B L R
b | b BB R | R [FEdd [ [ PN G fEd FEE PR IRt ad B R RE B LR R
s F B - B R PR v ol B r B r Pl En R R - B B BB - R HEEE B r
B -l B R PR v ol B r B s rr e Fn R R - B B B - R BB E B r
R -l B R F R v ol B r B s r el En R R - B B B - R HEEE B r
IR -l B R F R B o B r B s rr e En R R - B B B - R HEEE B r
I FEE R E el B R iy e rHr B r =M v rr L B E - B BB B E - B BB r 1 B
I FER BB E B B B R iy rHr B =W v rrH L B EE - B BB BEE - B BB B r 1 B
b | b B B RN | R [FEdd [ ] [ PN G fEd FEE PR Rt ad B R RR B L R
b | b BB R | R [FEdd [ [ PN G fEd FEE PR IRt ad B R RE B LR R
s F B - B R PR v ol B r B r Pl En R R - B B BB - R HEEE B r
B -l B R TR v ol B r B - rr e FnBE - B B B - R HEEE B r
R -l B R F R v o rlr B r B s r el En R R - B B B - R NEEE B r
IR -l B R F R B o B r B s rr e En R R - B B B - R HEEE B r
I FEE R E el B R iy e rHr B r =M v rr L B E - B BB B E - B BB r 1 B
I FER BB E B B B R iy rHr B =W v rrH L B EE - B BB BEE - B BB B r 1 B
b | b B B RN | R [FEdd [ ] [ PN G fEd FEE PR Rt ad B R RR B L R
b | b BB R | R [FEdd [ [ PN G fEd FEE PR IRt ad B R RE B LR R

I

I

I

I

|.g:

I
N e
-E-

s F B - B R PR v ol B r B r Pl En R R - B B BB - R HEEE B r
B -l B R PR v ol B r B s rr e Fn R R - B B B - R BB E B r
R -l B R F R v ol B r B s r el En R R - B B B - R HEEE B r
IR -l B R F R B o B r B s rr e En R R - B B B - R HEEE B r
I FEE R E el B R iy e rHr B r =M v rr L B E - B BB B E - B BB r 1 B
I FER BB E B B B R iy rHr B =W v rrH L B EE - B BB BEE - B BB B r 1 B
s EEE B - B M PN ol rEr t B - M r L B F - B BB B - M NEEEEr 1 7

Site # ] & owith  C wiho Gaps Edit dizabled for translated protein data.

Huonolta ndyttdd. Harmaat tahdet on stoppeja
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DNA Sequences l Tranzlated Protein Sequences ]

*l*l***** el el el el el el el e + |+ el el el el el el e * |+ el el el el el el el e + |+ * |+ el el el el el el el el el el el el el el el el el el *|* * || ol kol ol el e

SDamd Fril

(Lake

Font)

SDam& Fril

(Lake

Font)

SDamé Fril

(Lake

Font)

SLam? Frial

(Lake

Font)

SDams Fril

(Lake

Font)

SLham3 Fril

(Lake

Font. )

SDamlZ Fril

(Lake Font)

SDaml3 Fril

(Lake Font)

ZEol? BtAze

[Crimea)

ZFold BLAze

[Crimea)

ZEole BLiArFe

[Crimea)

2Eol7? BLAFG

[Crimea)

SHEold4 BLiaze

[Crimea)

zFoll BtAZz7

(Crimea)

2FolE Bridp

(Crimea)

2Eolé Btihdp

[Crimea)

ZEolZ Brhdrz

[Crimea)

ZEolL Btihdyr

[Crimea)

SEolZ Brhdr

[Crimea)

SEol3 Bradr

[Crimea)

1lChol Btiaz

(Crimea)

1ChoZ BrAZ

[Crimea)

1Cho? BtiZ

(Crimea)

2ACho? BtiZz

(Crimea)

dChol Btiz

[Crimea)

dChoZ Btiz

[Crimea)

dCho3 Btiz

lcrimea)

&6Chol Btaz

[Crimea)

&ChoZ Btiaz

(Crimea)

EChod BrAZ

[Crimea)

ECho3 BtAl® (Crimea)

EChol Btil9 (Crimea)

EChoZ BtAl9 (Crimea)

0

Site # B o i e

Ensimmainen luettu TAT, mites se toimisi?
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DMA Sequences  Translated Protein Sequences l

1LV1e Bthal (L-Warjaklka); DQO72701

Vi Brisz (L-Warjakka)

10LW1 Btaz (L-Varjakka)

18LW1l EBtAZ (L-Warjakka)

1LVW1lE Btaz (L-Varjakka, DQO7E70:2

2LVEZ3 BtAz (L-Varjakka)

3LVE4 BraZ (L-Varjakka)

SBLVESh BtAZ (L-Warjakka)

4LV30 Brtaz (L-Varjakka)

eLW4]l Btars (L-Varjakka)

24LWe5 BrAZ (L-Warjakka)

41L¥W101l Etas (L-Warjakka)

d1LV102 EtiAz (L-Varjakka)

42LW1I08 BrtAz (L-Warjakka)

4ZLVW110 Btdf: (L-Warjakka)

Ve Btid (L-Warjakka)

1ZLWz Btad (L-Varjakka)

12LW3 Btad (L-Varjakka)

Z0LW13 EtAd4 (L-Warjakka)

2LWZ21l Btad4 (L-Warjakka; DQO7S704

4LV Bta? (L-Varjakka, DQO7E707

4LVl BtAS (L-Varjakka) DQO73708

ALVEEa Bl (L-Varjakka)

BLVEY Btad (L-Varjakka)

dLW3E Bth9 (L-Warjaklka); DQO727035

SLWzd Btad (L-Varjakka)

SLW35S Btad (L-Varjakka)

SLW3Y Btad (L-Warjakka)

7LV4e BraAd (L-Varjakka)

40LW1I00 BtAS (L-Warjakka)

4ZLW102 BtldD (L-Varjakka)

4ZLV10e BtAD (L-Varjakka)

4ZLV10S Btad (L-Varjakka)

d72LW11E Bl (L-Wariakka!
4

*l* *|* + | *|* e e e 3 * + |* = | |*| |*‘i |*| H |*|*|*|*H*| | | |*| |*| ‘.’ | |*|*|*|*|*| * + | = | * +
—ZBREr - vuvEEr HE L B B B - BB v vr i Br vl evigovilviecne v Il- e BB 2L B
-FLlErE-vrvEEEEr BB BB - BBl T E v r L B v B Ev e e v i B Frrn v I - BB 5L B
-FLlEr v EEEEr BT BBl - BBl e T Bl r L B v e B Ev e e v i B Brrn v I - B BB 5 L B
-FLlErE-vvvEEEEr BT BBl - BBl e T Bl o B v B L B e e v i B Frrn v I - BB 5 L B
-FLlEr v EEEEr BT B B - BT Bl e T Bl o B L v B L Ev e e v BvFrrnvI - BB 5L B
-FilErE v EEEEr BT B B - BBl e T Bl r o B v B B e o v B Frrn v Il - B EE 51 B
-FilErE v EEEEr BT B B - BBl e T E v o B L v B Ev e e v B Br v v I - EE 51 B
- ELHErE-v R BB B B - B B Bl v r t B v Fl L B o B v EvBr e e v - BB L B
-ELHBrE-vvvEEEEr BB B Bl - B B Bl v st B L v Bl B o B v BvBr e v - BB 1 B
-FLlErE-vvvEEEEr BB BBl - BBl e T E v r L B L v B L B e e v i B Brrn v I - BB 5 L B
-FLlEr v EEEEr BT BBl - BBl e T Bl r L B v e B Ev e e v i B Brrn v I - B BB 5 L B
-FLlErE-vvvEEEEr BT BBl - BBl e T Bl o B v B L B e e v i B Frrn v I - BB 5 L B
-FLlEr v EEEEr BT B B - BT Bl e T Bl o B L v B L Ev e e v BvFrrnvI - BB 5L B
-FilErE v EEEEr BT B B - BBl e T Bl r o B v B B e o v B Frrn v Il - B EE 51 B
-FilErE v EEEEr BT B B - BBl e T E v o B L v B Ev e e v B Br v v I - EE 51 B
- ELHBrE- v BB Bl v - B Bl v r t B L v L B o B v EvBr e e v I - BB L B
- ELHBrE-vvvEEEEr BB B R v - B Bl v r t B L v Bl B o Br v BvBr e vt - BB 1 B
-FLlEr - v EEEEr BT Bl - BBl e T Bl L B v B L Ev e v i B Brrn v I - BB 5L B
-FilEr v EEEEr BT B ol T Bl L B v o B B e B v i B Frr v I - B BB 5L B
-FLlErE-vvvEEEEr BT B - v - BBl T Bl L B v o B B e o v i B Frr v I - B BB 5 L B
-FLlErE v IR BT B - v - BBl e T E v r o B L v B P o v BvFr e vI - BB 5L B
-FilErE v EEEEr BT B - v - Bl e T Bl o B v B Ev e e v B Frrn vl - R EE 51 B
-FilErE v EEEEr BT B v - BBl e P E v o B v B Ev e e v B Frrn v I - EE 51 B
- ELHBrE- v BB Bl v - B B Bl v r t B v L B o B v EvBr e e v - BB L B
- ELHBrE-vvvEEEEr BB B R v - B Bl v r t B L v Bl B o Br v BvBr e vt - BB 1 B
-FLlEr - v EEEEr BT Bl - BBl e T Bl L B v B L Ev e v i B Brrn v I - BB 5L B
-FilEr v EEEEr BT B ol T Bl L B v o B B e B v i B Frr v I - B BB 5L B
-FLlErE-vvvEEEEr BT B - v - BBl T Bl L B v o B B e o v i B Frr v I - B BB 5 L B
-FLlEr - v EEEEr BT B - v - BT Bl e T E v o B L v B Ev e e v i BvFr e v - BB 5L B
-FilErE v EEEEr BT BB v - BBl e P Bl o B v B Ev e o v B Frrn v Il - R EE 5L B
-FilErE v EEEEr BT B v - BBl e P E v o B v B Ev e e v B Frrn v I - EE 51 B
- ELHBrE- v BB Bl v - B B Bl v r t B v L B o B v EvBr e e v - BB L B
- ELHBrE-vvvEEEEr BB B R v - B Bl v r t B L v Bl B o Br v BvBr e vt - BB 1 B
-FLlErE v AR R B - - B L P Ely r L B v EE L Fr e P v e v P e v - EE T B

Site # 29 & with  C wiho Gaps Edit dizabled for translated protein data.

Huono huono. Stoppeja runsaasti, mydskin variaatiota liikaa
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and Setting a\Deskton\M2 RIP DNA phylogeography of arcuatuslarcua DMA EDITED.ma

Data Edit Search  Alignment Meb  Sequencer Display  Help

= HTCG L
Y= @ i W ¢ H a4 # arv
DMA Sequences  Translated Protein Sequences l
*l*l**** el el ol el ol el ol el el el ol el e ek * |+ |+ el el ol el ol el ol el ol el ol el ol el ol el el el * |+ |+ el el ol el ol el ol el el e el e * |+ el el ol el el el
1LV1E Btll (L-Wardakka) DQO72701 [(FFMETIML TELLMFESLEL LEFI ITEL TEVEY IVVMALKYLF

Vi Brisz (L-Warjakka)

10LW1 Btaz (L-Varjakka)

18LW1l EBtAZ (L-Warjakka)

1LVW1lE Btaz (L-Varjakka, DQO7E70:2

2LVEZ3 BtAz (L-Varjakka)

3LVE4 BraZ (L-Varjakka)

SBLVESh BtAZ (L-Warjakka)

4LV30 Brtaz (L-Varjakka)

eLW4]l Btars (L-Varjakka)

24LWe5 BrAZ (L-Warjakka)

41L¥W101l Etas (L-Warjakka)

d1LV102 EtiAz (L-Varjakka)

42LW1I08 BrtAz (L-Warjakka)

4ZLVW110 Btdf: (L-Warjakka)

Ve Btid (L-Warjakka)

1ZLWz Btad (L-Varjakka)

12LW3 Btad (L-Varjakka)

Z0LW13 EtAd4 (L-Warjakka)

2LWZ21l Btad4 (L-Warjakka; DQO7S704

4LV Bta? (L-Varjakka, DQO7E707

4LVl BtAS (L-Varjakka) DQO73708

ALVEEa Bl (L-Varjakka)

BLVEY Btad (L-Varjakka)

dLW3E Bth9 (L-Warjaklka); DQO727035

SLWzd Btad (L-Varjakka)

SLW35S Btad (L-Varjakka)

SLW3Y Btad (L-Warjakka)

7LV4e BraAd (L-Varjakka)

40LW1I00 BtAS (L-Warjakka)

4ZLW102 BtldD (L-Varjakka)

4ZLV10e BtAD (L-Varjakka)

4ZLV10S Btad (L-Varjakka)

d72LW11E Bl (L-Wariakka!
4

?FHIIILIIIIIIIFYIILIIvIYIIIIIvILLHFILILIIIIIIFIILIFIIIIIIAIIvIvIVIIIIIvaAYLFII
cruflLEEERERE - N B8 E-HEEEE v H e v r o B B B r EE By Bl B HEvEvEEREN vl . - HE
cruflLEEEEERE - N B8 B HEEEE v E e s o B B Bl r EE By Bl B HEvEvEEREN: vl rHE
cruflLEEERERE - N EE B HEEEE v E e s o B B B r EE By c Bl c B HEvEvEEREN: vl r HE
crufzlLEEERERE - N B8 B SR v E e r o B BB r EE By Bl c B MEvEvEEREN: vl - HE
crufz L EEERERE - N EE SR v E e s o B B B rEE By Bl c B HEvEvEvEREN: vl r HE
cruf . EEEREREr HN EEvEEEEEE vl e r B B BB Bl c r B Hr c BB c B fEvEvEvEREN: vvloz. r B
cruf . EEEREREr FHN EE A HEEEE vl e r B B BB Bl r B Hr t BB c B @B vEvEvEREN: vvl.7. r B
cruflLEEERERE - HN B8R-SR vl v r B B Bl r EE By Bl B HEvEvEEREN vl - HE
cruflLEEERERE - N B8 E-HEEEE v H e v r o B B B r EE By Bl B HEvEvEEREN vl . - HE
cruflLEEEEERE - N B8 B HEEEE v E e s o B B Bl r EE By Bl B HEvEvEEREN: vl rHE
cruflLEEERERE - N EE B HEEEE v E e s o B B B r EE By c Bl c B HEvEvEEREN: vl r HE
crufzlLEEERERE - N B8 B SR v E e r o B BB r EE By Bl c B MEvEvEEREN: vl - HE
crufz L EEERERE - N EE B HEERE v E e s o B B B r EE By Bl c B HEvEvEvEREN: vl r EE
cruf il EEEREREr N EE A EEE c Bvl e e r B B BB BEc r B Br c BB c B FEvEvEvEREN: v vz r BB
cruf . EEEREREr FHl  EE v A B Bvl e e r B B BB BEc rEE By c BB c B fEvEvEvEREN: v vz r BB
cruflLEEERERE - N . EE B RS cBvl s H B BBl r EE By Bl B HEvEvEEREN vl - HE
cruflLEEEEERE - N EE B HEE cBvl e s H B BBl r EE By Bl B HEvEvEEREN: vl . - HE
cruflLEEERERE - N EE BB Bl H B BBl r EE By Bl B HEvEvEEREN: vl - HE
cruflLEEERERE - el BB RS c Bl r E o B BB r EE By c Bl c B HEvEvEEREN: vl HE
cruflLEEERERE - el BB Bl r H o B BB r EE By c Bl c B MEvEvEEREN: vl - HE
crufzlLEEEREEE - el EE B c Bl r o B BB rEE Br Bl c B HEvEvEvEREN: vl r HE
cruf il EEEREREr N EE A EEE c Bvl e e r B B BE Bl r B Br c BB c B FEvEvEvEREN: vvloz. r BB
cruf . EEEREREr FHl  EE v A B Bvl e e r B B BB BEc rEE By c BB c B fEvEvEvEREN: v vz r BB
cruflLEEERERE - N . EE B RS cBvl s H B BBl r EE By Bl B HEvEvEEREN vl - HE
cruflLEEEEERE - N EE B HEE cBvl e s H B BBl r EE By Bl B HEvEvEEREN: vl . - HE
cruflLEEERERE - N EE BB Bl H B BBl r EE By Bl B HEvEvEEREN: vl - HE
cruflLEEERERE - el BB RS c Bl r E o B BB r EE By c Bl c B HEvEvEEREN: vl HE
cruflLEEERERE - el BB Bl r H o B BB r EE By c Bl c B MEvEvEEREN: vl - HE
crufzlLEEEREEE - el EE B c Bl r o B BB rEE Br Bl c B HEvEvEvEREN: vl r HE
cruf il EEEREREr N EE A EEE c Bvl e e r B B BE Bl r B Br c BB c B FEvEvEvEREN: vvloz. r BB
cruf . EEEREREr FHl  EE v A B Bvl e e r B B BB BEc rEE By c BB c B fEvEvEvEREN: v vz r BB
:rulr L EEERERE ZHE L B Er R B vl cnr B L L B B r rEE L B cEEr t HeHE v B B EEEN vl o E L r HE

Site # ] & owith  C wiho Gaps Edit dizabled for translated protein data.

Fenylalaniinilla alkaa, stoppeja el ole, variaatiota véhan. Tama kehys OK.



tagctatgactaccaccctaattacccacattattaaccccctcgcatatatcgtccccg ttcttttagcagtcgectttcectca
ccttac tcgaacgaaa agtccttgga tatatgcaacttcggaaagggccaaacatcgtcggtccatacggattgcttca
acctatcgcggacggcctaaaactattcattaaagaaccagttcgaccgtccacctcctcccecttectatttctcgectaca
cccatacttgcccttacgcttgcactaaccctgtgagcccccatgeccatcccttaccccattacagacctaaatctcggg
gtactatttgtcctcgcactttccagcctagccgtgtattctattttaggctcagggtgagcttcaaattctaaatatgccctaat
tggagctctacgagcagtggcacaaaccatttcctacgaagtcagccttggactaatcttactcagcgtaattatctttacgg

ggggatttacactacaaaccttcaatgtagcccaagaaagcatctgactactcgtaccagcctgaccccttgecgecatat

ggta tatctctact ctagctgaaa

4441
4501
4561
4621
4681
4741
4801

caaaccgtgc
tagaatacgc
taatgaacac
aattaacagc
tacgagcctc
tcttaccttt

gcctccctcc

accctttgac
cggagggcce
actctcggcc
cgtaaaccta
ctacccacga
gacactagcc

ccaactttaa

cttacagaag
ttcgeectct
attctatttt
ataacaaagg
tttcgctacg
cttgtcctat

gccccaagga

gagaatcaga
tctttctage
taggcgcatc
ccgccctect
accaactcat
gacacctagc

attgtgcctg

attagtctcc
cgaatacgct
ccacatcccc
ctccgttgta
acatttagtt
acttccaacc

aatgtttaag

ggatttaatg
aatatccttc
gccttccccg
tttttatgag
tgaaaaagct
gcaatggcag

gaccaccttg


http://www.ncbi.nlm.nih.gov/

Jonkun otuksen jonkun geenin aminohapposekvenssia??

MTTTLITHIINPLAYIVPVLLAVAFLTLLERKVLGYMQLRKG
PNIVGPYGLLQPIADGLKLFIKEPVRPSTSSPFLFLATPMLALT
LALTLWAPMPIPYPITDLNLGVLFVLALSSLAVYSILGSGWAS
NSKYALIGALRAVAQTISYEVSLGLILLSVIIFTGGFTLQTFEN
VAQESIWLLVPAWPLAAMWYISTLAETNRAPFDLTEGESEL
VSGFNVEYAGGPFALFFLAEYANILLMNTLSAILFLGASHI
PAFPELTAVNLMTKAALLSVVFLWVRASYPRFRYDQLMHLYV
WKSFLPLTLALVLWHLALPTAMAGLPPQ L

PPV VVVVIVV??7?


http://www.ncbi.nlm.nih.gov/

Geneettinen koodi on “universaali”

Oleellisesti samaa koodia, pienin muutoksin, kayttavat arkit,
bakteerit, eukaryootit ja viela mitokondriot ja kloroplastitkin

Eukaryootin tuman geenit ja mitokondrion geenit luetaan eri
koodilla, siksi mitokondriossa on oma rRNA (2) ja 22 tRNA:ta
(TRANSLAATIOKONEISTO)

Esim. UGA on universaalisti STOP, mutta mitokondriossa se on
tryptofaanin koodi, ja AGA ja AGG taas ovat yleensa arginiinin
koodina, mutta nisakasmitokondriossa ne luetaan STOP.




The Genetic Code

1st position 2nd Position 3rd Position

(5’ end) U C A G (3" end)
Phe Ser Tyr Cys U
l l Phe Ser Tyr Cys C
Leu Ser STOP STOP A
Leu Ser STOP Trp G
Leu Pro His Arg U
Leu Pro His Arg G
‘ Leu Pro Gln Arg A
Leu Pro Gin Arg G
e Thr Asn Ser U
lle Thr Asn Ser &
A lle Thr Lys Arg A
Met Thr Lys Arg G
Val Ala Asp Gly U
Val Ala Asp Gly 2
( i Val Ala Glu Gly A
Val Ala Glu Gly G




171 UUU AAA O 147 UCU AGA 10
Phe 7 Tyr
203 UUC GAA 14 172 UCC GGA 0
Ser
\: 73 UUA T UAA S8 118 UCA —UGA 5 stop —
Leu
125 UUG — CAA 6 45 UCG — CGA 4 stop —
127 CUU AAG 13 175 CCU 7AGG 11
His
187 CUC GAGO 197 CCC GGG 0
Leu Pro
69 CUA — UAG2 170 CCA — UGG 10
Gin
392 CUG — CAG6 69 CCG ~— CGG 4
165 AUU AAU 13 131 ACU 7AGU 8 |:
Asn
lle 218 AUC GAU1 192 ACC GGU 0
Thr
71 AUA — UAUS 150 ACA — UGU 10 I:
Lys
Met — 221 AUG — CAU 17 63 ACG — CGU 7
111 GUU 7AAC20 185 GCU 7AGC 25 I:
Asp
146 GUC GACO 282 GCC GGC 0
Val Ala
72 GUA T UACS 160 GCA ~— UGC 10 I:
Glu
288 GUG — CAC 19 74 GCG — CGC 5

Figure 34 The human genetic code and associated tRNA genes. For each of the 64
codons, we show: the corresponding amino acid; the observed frequency of the codon per
10,000 codons; the codon; predicted wobble pairing to a tRNA anticodon (black lines); an
unmodified tRNA anticodon sequence; and the number of tRNA genes found with this
anticodon. For example, phenylalanine is encoded by UUU or UUC; UUC is seen more
frequently, 203 to 171 occurrences per 10,000 total codons; both codons are expected to
be decoded by a single tRNA anticodon type, GAA, using a G/U wobble; and there are 14

124 UAU XAUA 1

Kaikki kodonit eivat ole yhta suosittuja

158 UAC GUA 11

0 UAA T UUA 0

0 UAG T CUA 0
104 CAU XAUG 0
147 CAC GUG 12
121 CAA — UUG 11
343 CAG — CUG 21
174 AAU XAUU 1
199 AAC GUU 33
248 AAA T UUU 16
331 AAG — CUU 22
230 GAU XAUC 0
262 GAC GUC 10
301 GAA ~UUC 14
404 GAG — CUC 8

Cys I:

stop —

99
119
0

Tp — 122

Arg

o[
wl.

Gly

47
107
63
115

121
191
113

110

112
230
168
160

UGU
UGC
UGA
UGG

CGU
CGC

CGG

AGU
AGC
AGA
AGG

GGU
GGC
GGA
GGG

XACA 0

GCA 30
T UCA O
~“CCA 7

7ACG 9

GCG 0
~UCG 7
~— CCG 5

XACU 0

GCU 7
~UCU 5
— CCU 4

ACC 0
GCC 1
~UCC 5
—Ccccs

tRNA genes found with this anticodon. The modified anticodon sequence in the mature
tRNA is not shown, even where post-transcriptional modifications can be confidently

predicted (for example, when an A is used to decode a U/C third position, the A is almost
certainly an inosine in the mature tRNA). The Figure also does not show the number of
distinct tRNA species (such as distinct sequence families) for each anticodon; often there
is more than one species for each anticodon.






Genetiikan perusteiden miellekartta: geneettinen triplettikoodi

DNA-huusholli

mitoosi

meioosi

fertilisaatio

replikaatio

repair

rekombinaatio

repair

mendelistinen genetiikka

DNA              RNA             proteiinit

transkriptio prosessointi  translaatio

regulaatio

molekyyligenetiikka

kehitysgenetiikka

immunogenetiikka

syöpägenetiikka

ELÄMÄ!

Geenien toiminta

KOODI?













Translaatiossa mRNA:ssa tarvitaan seuraavat sanomat :



m7G - pipo 



Ehkä  internal ribosome entry site IRES



poly-A -häntä sirkulaarisen polysomin muodostamiseksi



AUG aloituskodoni ensimmäistä metioniinia varten



UAA, UAG tai UGA lopetuskodoni RF:ää varten



Sekä ennen AUG-kodonia että STOP-kodonin jälkeen voi olla säätelyyn osallistuvia UTR- jaksoja (untranslated region)



         UTR                          koodi                    UTR

m7G ---AUG----(IRES)  -----AUG -----...-----UAA------p(AAA)













Translaatiossa mRNA:ssa tarvitaan seuraavat sanomat :



m7G - pipo 



Ehkä  internal ribosome entry site IRES (CELL 448)



poly-A -häntä sirkulaarisen polysomin muodostamiseksi



AUG aloituskodoni ensimmäistä metioniinia varten



UAA, UAG tai UGA lopetuskodoni RF:ää varten



Sekä ennen AUG-kodonia että STOP-kodonin jälkeen voi olla säätelyyn osallistuvia UTR- jaksoja (untranslated region)



         UTR                          koodi                    UTR

m7G ---AUG----(IRES)  -----AUG -----...-----UAA------p(AAA)













Tässä tulikin jo pari triplettikoodin sanaa



Aloitus (= metioniini) AUG



STOP: UAA, UGA tai UAG



Koodin murtaminen oli molekyyligenetiikan historian suuria juttuja: nobelistit Holley (tRNA), Khorana ja Nirenberg  (1968)







CELL 335-













CELL takakansi













CELL takakansi













Kuva on linkki. Klikkaa!





















































































































































































Geneettinen koodi ja avoimet lukukehykset: polypeptidiä koodaavan geenin “ennustamisen” päävälineet 



On tapana kirjoittaa ja tallettaa geenipankkiin vain toinen juoste, alkaen 5’ päästä, esimerkiksi näin:



5’-TTATTTTATTTCGATAATTCGACCTTAAACGCGAAACTTCACTTAAC-3’





Geenin viesti voi kumminkin olla kummassa tahansa juosteessa, ja sen jako tripletteihin voi alkaa molemmissa kolmesta eri paikasta



Tässä voisi siis olla peräti kuusi erilaista lukutapaa, joista vain yksi lienee oikea (aloituskodonia ei etsitä, vaan pelkästään stoppeja)

CELL 550



















5’-TTATTTTATTTCGATAATTCGACCTTAAACGCGAAACTTCACTTAAC-3’

3’-AATAAAATAAAGCTATTAAGCTGGAATTTGCGCTTTGAAGTGAATTG-5’

Ensimmäinen kodoni voi siis olla 



>>> UUA, UAU tai AUU >>  TEMPLAATTINA ALEMPI JUOSTE

tai 

<<<GUU, UUA tai UAA <<<   TEMPLAATTINA YLEMPI JUOSTE

CELL 550















STOP on merkitty sinisellä laatikolla (UAA, UAG, UGA).



Avain lukemiseen:

leu UUA, UUG, CUU, CUC, CUA, CUG



Mikä siis on geeni? Alempi vai ylempi juoste?

CELL 550















CELL 550













Tässä esimerkissä on tarkasteltu 1700 nukleotidia. STOP on merkitty vihreällä viivalla, ja mahdolliset START-STOP -välit on väritetty punaisella.



Ainoastaan FRAME 1 näyttää sisältävän pitkän jakson, joka voi olla polypeptidiketjun rakennusohjetta.



Tätä sanotaan ORF: iksi (open reading frame) ja se on geenin ennustamisen ensimmäinen askel.

CELL 550















ORF:in ennustaminen jos matskua on vähän enemmän





Gyrodactylus arcuatuksen mtDNA (CO1)















Ensimmäinen TÄYSI kodoni ATT















Huonolta näyttää. Harmaat tähdet on stoppeja















Ensimmäinen luettu TAT, mites se toimisi?















Huono huono. Stoppeja runsaasti, myöskin variaatiota liikaa















Ensimmäinen kokonainen TTT?















Fenylalaniinilla alkaa, stoppeja ei ole, variaatiota vähän. Tämä kehys OK.













tagctatgactaccaccctaattacccacattattaaccccctcgcatatatcgtccccg ttcttttagcagtcgctttcctca

ccttac tcgaacgaaa agtccttgga tatatgcaacttcggaaagggccaaacatcgtcggtccatacggattgcttca

acctatcgcggacggcctaaaactattcattaaagaaccagttcgaccgtccacctcctcccccttcctatttctcgctaca

cccatacttgcccttacgcttgcactaaccctgtgagcccccatgcccatcccttaccccattacagacctaaatctcggg

gtactatttgtcctcgcactttccagcctagccgtgtattctattttaggctcagggtgagcttcaaattctaaatatgccctaat

tggagctctacgagcagtggcacaaaccatttcctacgaagtcagccttggactaatcttactcagcgtaattatctttacgg

ggggatttacactacaaaccttcaatgtagcccaagaaagcatctgactactcgtaccagcctgaccccttgccgccatat

ggta tatctctact ctagctgaaa





     4441 caaaccgtgc accctttgac cttacagaag gagaatcaga attagtctcc ggatttaatg

     4501 tagaatacgc cggagggccc ttcgccctct tctttctagc cgaatacgct aatatccttc

     4561 taatgaacac actctcggcc attctatttt taggcgcatc ccacatcccc gccttccccg

     4621 aattaacagc cgtaaaccta ataacaaagg ccgccctcct ctccgttgta tttttatgag

     4681 tacgagcctc ctacccacga tttcgctacg accaactcat acatttagtt tgaaaaagct

     4741 tcttaccttt gacactagcc cttgtcctat gacacctagc acttccaacc gcaatggcag

     4801 gcctccctcc ccaactttaa gccccaagga attgtgcctg aatgtttaag gaccaccttg

NCBI homepage 
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NCBI homepage 

Jonkun otuksen jonkun geenin aminohapposekvenssiä??













Geneettinen koodi on “universaali”



Oleellisesti samaa koodia, pienin muutoksin, käyttävät arkit, bakteerit, eukaryootit ja vielä mitokondriot ja kloroplastitkin



Eukaryootin tuman geenit ja mitokondrion geenit luetaan eri koodilla, siksi mitokondriossa on oma rRNA (2) ja 22 tRNA:ta (TRANSLAATIOKONEISTO)



Esim. UGA on universaalisti STOP, mutta mitokondriossa se on tryptofaanin koodi, ja AGA ja AGG taas ovat yleensä arginiinin koodina, mutta nisäkäsmitokondriossa ne luetaan STOP.



CELL 862













CELL takakansi













Kaikki kodonit eivät ole yhtä suosittuja
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The genetic code had to be a "language" — using the DNA
alphabet of A, T, C, and G — that produced enough DNA
"words" to specify each of the 20 known amino acids.
Simple math showed that only 16 words are possible from a
two-letter combination, but a three-letter code produces 64
words. Operating on the principle that the simplest solution
is often correct, researchers assumed a three-letter code

called a codon.

Research teams at University of British Columbia and the
National Institutes of Health laboriously synthesized different RNA molecules, each a long

o0« 0rn= ofkZ

strand composed of a single repeated codon. Then, each type of synthetic RNA was added to

a cell-free translation system containing ribosomes, transfer RNAs, and amino acids. As
predicted, each type of synthetic RNA produced a polypeptide chain composed of repeated
units of a single amino acid. Several codons are "stop" signals and many amino acids are
specified by several different codons, accounting for all 64 three-letter combinations.
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The genetic code had to be a "language” — using the DNA
alphabet of A, T, C, and G — that produced enough DNA
"words" to specify each of the 20 known amino acids.
Simple math showed that only 16 words are possible froma
two-letter combination, but a three-letter code produces 64
words. Operating on the principle that the simplest solution
is often correct, researchers assumed a three-letter code
called a codon.

ern+orns o

Research teams at University of British Columbia and the
National Institutes of Health laboriously synthesized different RNA molecules, each a long
strand composed of a single repeated codon. Then, each type of synthetic RNA was added to
a cell-free translation system containing ribosomes, transfer RNAs, and amino acids. As
predicted, each type of synthetic RNA produced a polypeptide chain composed of repeated
units of a single amino acid. Several codons are "stop" signals and many amino acids are
specified by several different codons, accounting for all 64 three-letter combinations.
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I'm Marshall Nirenberg. Har Khorana's group and mine "cracked" the genetic code. MOLECULES &
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This made sense, because a codon made from only one or two nucleotides would not MOLECULES &
produce enough combinations (words) to code for all 20 of the known amino acids. OF GENETIC§
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However, a three-nucleotide codon produces 64 combinations. This would produce a MOLECULES &
redundant, or degenerate, code where several different codons specify the same amino OF GENETIC§
acid. The parsimony principle — that the simplest solution is often right — ruled out a JEp T ————
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In 1961, Heinrich Matthaei, a visiting post-doc, and | started experiments to test the MOLECULES
triplet codon hypothesis. We used a cell-free extract of E. coli because we believed that OF GENETIC!
this extract should contain all the components needed to translate mRNA into 15 DA mprotens e keymoeaes fthe

el
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When we examined the products produced in this cell-free system, we found
polypeptides composed entirely of the amino acid phenylalanine (PHE).
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Matthaei and I tried other polynucleotide chains. Poly-C made a proline (PRO) chain; poly-A MOLECULES &
made a lysine (LYS) chain. Interestingly, no protein was made with the poly-G chain. OF GENETIC§
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The Genetic Code

1st position 2nd Position 3rd Position
(6’ end) U C A G (3" end)
Phe Ser Tyr Cys ]
Phe Ser Tyr Cys (o}
Leu Ser STOP STOP A
Leu Ser STOP Trp G
Leu Pro His Arg U
Leu Pro His Arg c
Leu Pro Gln Arg A
Leu Pro Gln Arg G
lle Thr Asn Ser u
lle Thr Asn Ser c
lle Thr Lys Arg A
Met Thr Lys Arg G
Val Ala Asp Gly u
Val Ala Asp Gly c
Val Ala Glu Gly A
Val Ala Glu Gly G




Defining Genes
in the Genomics Era

Michael Snyder and Mark Gerstein

genome is defined as the entire col-
Alection of genes encoded by a partic-

ular organism. But what is a gene?
Historically, the term gene, attributed to
Johansson, first appeared in the early 1900s
as an abstract concept to explain the heredi-
tary basis of traits (/, 2). Phenotypic traits
were ascribed to hereditary factors even
though the physical basis of those factors
was not known. Subsequently, early genetic
studies by Morgan and others associated
heritable traits with specific chromosomal
regions. In the 1930s, Beadle introduced the
concept of “one gene, one enzyme,” which
later became “‘one gene, one polypeptide.”

With the advent of recombinant DNA
and gene cloning, it became possible to
combine the assignment of a gene to a spe-
cific segment of DNA and the production of
a gene product. Although it was originally
presumed that the final product was a pro-
tein, the discovery that RNA has structural,
catalytic, and even regulatory properties
made it evident that the end product could
be a nucleic acid (3). Thus, we now define a
gene in molecular terms as “a complete
chromosomal segment responsible for mak-
ing a functional product.” This definition
has several logical components: the expres-
sion of a gene product, the requirement that
it be functional, and the inclusion of both
coding and regulatory regions. According to
this definition, it should be possible to use
straightforward criteria to identify genes in
the DNA sequence of a genome. Five such
criteria are in common use, but their appli-
cation is not straightforward.

Open reading frames (ORFs). An ORF
is a string of codons bounded by start and
stop signals, where codons are nucleotide
triplets encoding amino acids. An obvious
way to find protein-coding genes is through
identifying large ORFs in the genome. This
is particularly applicable to prokaryotes and
other organisms with few introns (the re-
gions spliced out of RNA) in their genes.
Even so, many genes are short and difficult
to identify in this way. Moreover, organisms

M. Snyder is in the Department of Molecular, Celluar,
and Developmental Biology, and both authors are in the
Department of Molecular Biophysics and Biochenistry,
Yale University, New Haven, CT 06520, USA.
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with genes that undergo an appreciable
amount of RNA splicing often have small
exons sandwiched between large introns,
making ORFs especially difficult to find.
Sequence features. Once an ORF is
identified, codon bias often is used to deter-
mine whether the ORF is a gene (4). The val-
ue of this measure stems from the fact that
genes, particularly highly expressed genes,
exhibit biased nonrandom use of codons.
However, for many genes, the bias is weak,
and small ORFs (or exons) contain too few
codons to exhibit statistically significant
bias. Beyond overall bias, one can also look
for specific patterns in the DNA sequence
such as splice sites to help locate genes ().
Computer programs that use DNA sequence
features alone predict fewer than 50% of
exons and 20% of complete genes (J).
Moreover, while both the existence of an
ORF and favorable sequence features may
imply the presence of a gene product, they
say nothing about that product’s function.
Sequence conservation. In contrast to
focusing on an individual DNA sequence,
genes can be identified by comparing multi-
ple sequences among organisms (4, 3).
DNA sequence conservation among species
is an excellent method to gauge the impor-
tance of the gene product. However, con-
served sequences could be nontranscribed
regulatory elements. Another problem with
using conservation to find genes is that it
requires sequences of related organisms
that are separated by appropriate evolution-
ary distances. A current estimate of the
number of genes in an organism can never
be an absolute, unchanging number, be-
cause it is contingent on the specific relat-
ed organisms used for comparison.
Evidence for transcription. A non-se-
quence-based approach for identifying
genes is to search for RNA or protein ex-
pression, the hallmark of a gene product.
This is commonly accomplished using mi-
croarray hybridization, serial analysis of
gene expression (SAGE), cDNA mapping,
or sequencing of expressed sequence tags
(6-8). Large-scale tagging of genes with
transposons reveals many new regions in the
yeast genome that are capable of producing
proteins (9) (see the figure). Likewise for
humans, hybridization of labeled cDNAs to




Amino Acids
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Ala
Cys
Asp
Glu
Phe
Gly
His
lle
Lys
Leu
Met
Asn
Pro
Gln
Arg
Ser
Thr
Val
Trp
Tyr

Alanine
Cysteine
Aspartic acid
Glutamic acid
Phenylalanine
Glycine
Histidine
Isoleucine
Lysine
Leucine
Methionine
Asparagine
Proline
Glutamine
Arginine
Serine
Threonine
Valine
Tryptophan
Tyrosine

Codons

GCA GCC GCG GcU

UGC UGU

GAC GAU

GAA GAG

UucC uuu

GGA GGC GGG GGU

CAC CAU

AUA AUC AUU

AAA AAG

UUA UUG CUA CUC CUG CUU
AUG

AAC AAU

CCA Ccc ccaG ccu

CAA CAG

AGA AGG CGA CGC CGG CGU
AGC AGU UCA UCC UCG ucuU
ACA ACC ACG ACU

GUA GUC GUG GUU

UGG

UAC UAU




e 171 UUU AAA O [ 147 UCU 7AGA 10 TyrI: 124 UAU XAUA 1 CysI: 99 UGU XACA 0
203 UUC ~ GAA 14 172 UcC ' GGA 0 158 UAC ~ GUA 11 119 UGC ~ GCA 30

[ 73 UUA ~ UAAB o 118 UCA “UGA 5 S0P~ 0 UAA ~UUA 0 S19P~ 0 UGA ~UCA 0
125 UUG — CAA 6 L 45 UCG —CGA 4 stop— 0 UAG ~CUA 0 Tp— 122 UGG ~ CCA 7

127 CUU 7AAG13 [ 175 ccu 7AGG 1 His[ 104 CAU &AUG 0 47 cau 7ACG 9

187 CUC * GAGO 197 CCC ' GGG 0 147 CAC ~ GUG 12 107 CGC ' GCG 0

S 6o cun — une2 el 470 cca —use 10 121 CAA ~UUG 11 I T
392 CUG — CAG6 “ 69 CCG —CGG 4 'L 345 cae —oue 21 115 CGG ~ CCG 5

165 AUU 7AAU 13 [ 131 ACU 7AGU 8 Asn[ 174 AAU XAUU The 121 AGU XACU 0

lle| 218 AUC * GAU1 192 ACC ' GGU 0 199 AAC T GUU 33 191 AGC ~ GCU 7
71 AUA — UAUS ThrL 150 ACA ~ UGU 10 [ 248 AAA T UUU 16 [ 113 AGA ~ UCU 5

Met — 221 AUG — CAU 17 63 ACG —CGU 7 YL a1 aae —ow 22 "L 410 ace —ccu s
111 GUU 7 AAC 20 [ 185 GCU 7AGC 25 Asp[ 230 GAU XAUC 0 112 GGU xACCO

146 GUC * GACO 282 GCC ' GGC 0 262 GAC ~ GUC 10 230 GGC ~ GCC 11

N 72 GUA T UACS il 160 GCA ~ UGC 10 [ 301 GAA ~UUC 14 il 168 GGA ~ UCC 5
288 GUG — CAC 19 - 74 ace —caC 5 o 404 GAG T CUC 8 160 GGG ~ CCC 8

Figure 34 The human genetic code and associated tRNA genes. For each of the 64 tRNA genes found with this anticodon. The modified anticodon sequence in the mature

codons, we show: the corresponding amino acid; the observed frequency of the codon per  tRNA is not shown, even where post-transcriptional modifications can be confidently
10,000 codons; the codon; predicted wobble pairing to a tRNA anticodon (black lines); an  predicted (for example, when an A is used to decode a U/C third position, the A is almost
unmodified tRNA anticodon sequence; and the number of tRNA genes found with this certainly an inosine in the mature tRNA). The Figure also does not show the number of
anticodon. For example, phenylalanine is encoded by UUU or UUC; UUC is seen more distinct tRNA species (such as distinct sequence families) for each anticodon; often there
frequently, 203 to 171 occurrences per 10,000 total codons; both codons are expectedto  is more than one species for each anticodon.

be decoded by a single tRNA anticodon type, GAA, using a G/U wobble; and there are 14
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Other researchers and | quickly recognized the power of this approach. Using RNA MOLECULES &

templates containing different nucleotide combinations, we assigned amino acids to OF GENETICS

about 50 triplet codons. SECOND LETTER [ —
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e

24 e Biihmssog i sometines e

25 Somevinues sor gt nomtion
B

26 RiTA s et gt motecule
A R —
‘o,

ccc cGce
ccn}e CGA
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Hi, I'm Phil Leder. 1 helped Marshall Nirenberg with the rest of the genetic code. MOLECULES §
C

OF GENETI
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el
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tRNA is the molecule that carries amino acids to the MOLECULES &
ribosomes for protein synthesis. In 1962, Robert Holley OF GENETIC§
solved the structure of tRNA. Although tRNA is single 15 Dl e e bermoots it
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Using their cell-free translation system, Zamecnik and his MOLECULES &
group showed that tRNA becomes activated when the OF GENETIC§
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1 first made short RNA chains composed of three or six MOLECULES &
nucleotides. When added to a cell-free extract, an OF GEN ETIC§
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After that, all | had to do was make specific trinucleotide and hexanucleotide chains to MOLECULES §

confirm the genetic code. OF GENETICS.
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We also found that translation starts with a specific codon AUG — the only MOLECULES &
unique codon — and there are stop codons that end translation. So, in add OF GENET'C§
to words, the genetic code SECOND LETTER e ——

s
also has punctuation points. u A

16 One e mles e e

Uiy [Ucu, [uau 17 Agmeimateofmita,
J@|ucc 9

UAC 18 Bacterin mdviruces b DA too.
VgV (c]e e Bire—
va@luch uac B

Uu, [ccu. [cau 20 MDA b s e
cac)@® [

U
uu
u
u
C
cuclafccc 21 RaAison oo DN )
cuaf@fcca(@) L e
cug’ fcce |cac

A

A

A

A

4

2 b mine
SO facuTRA
ucl@ A((] Anci@®| s

FIRST LETTER
W3LLIT QUIHL

Fyn——"

@) 1 a YR

Anc)®| 25 S s st st
iy

un' _|aca

uc®|acc

U,

Guc
GUG!

GAA

Gea
Gc GAG 28 Some pes cfmations e ottty
ot

GENETIC CODE TABLE H GeneTIC
(Mouseover table to enlarge) oRcAN[zAmNX
AND CONTROL

29 DAk pakoged s coomseme

30 Hisher ol cerporte mnci:-
armosens

34 Sees conbe bt i

© Copyriht Dol DA Leaming Certer, Cold Spring Harbr Labortory Er R ———
E

GAU EMAwns the first genetic molecule .
c }e e j’ e feimer—
e

@ e




reading
frames

DNA

reading
frames

v wl

_5,-

3=

1
-2

[ -3

reading direction for sequence of top DNA strand —

N- ile leu phe arg val ile arg pro- thr arg asn phe thr- arg -C
N- tyr phe ile ser ser asn ser thr leu asn ala lys leu his leu thr -C

N- leu phe tyr phe glu - phe asp leu lys arg glu thr ser leu asn -C

 TTATTTTATTTCGAGTAATTCGACCTTAAACGCGAAACTTCACTTAAC 3

-5

C-- lys ile glu leu leu glu val lys phe ala phe ser - lys val -N
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