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Genetiikan perusteiden miellekartta: t4ssd mutaatiot, ei-korjaus




D,I\IIA 6n.geneettisen informaation varastomuoto, koska se
~on varsin kestéva

- I::'li/lutaatioita kuitenkin végjaamatta tapahtuu, somaattisia ja ituradassakin,
< 7| itsestaan ja indusoituna

Yksilon aika-asteikolla mutaatiot ovat neutraaleja tai haitaksi

, Eyol‘ﬁution aika-asteikolla on my6s hyddyllisid mutaatioita: geeni muuttuu

. _L-*paremmaksi”, geeneja saadaan lisad, informaation maara kasvaa,

fr’ luonnonvalinnalla ja muilla muutosvoimilla on materiaalia

: .
##-;sel'fj yrittdd kuitenkin kaikin keinoin torjua mutaatioita
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Mutaatioluokat
- Kromosomistomutaatiot (polyploidiat yms)
Ty - Kromosomimutaatiot (jarjestysmuutokset)

cses geenimutaatiot (insertiot, deleetiot, emasmuutokset,
e Maminghappomuutokset)
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Emas puuttuu

Emas muuttuu
Vaara pari
Ylimaarainen
nukleotidi
Pyrimidiini-
dimeeri

Juosteet
vialla

Removal of purines by acid and heat (under physiological
conditions =~10* purines/day/cell in 2 mammalian genome);
removal of altered bases (e.g., uracil) by DNA glycosylases

lonizing radiation; alkylating agents (e.g., ethylmethane
sulfonate)

Mutations affecting 3'— 5’ exonuclease proofreading of
incorrectly incorporated bases

Intercalating agents (e.g., acridines) that cause addition or
loss of a nucleotide during recombination or replication

Cyclotubyl dimers (usually thymine dimers) resulting from
UV irradiation

Breakage of phosphodiester bonds by ionizing radiation or
chemical agents (e.g., bleomycin)

Covalent linkage of two strands by bifunctional alkylating
agents (e.g., mitomycin C)

Disruption of deoxyribose structure by free radicals leading
to strand breaks



Nukleotidisubstituutiot
Aminohappomuutokset

Evoluutiota jalkikateen tarkasteltaessa havaitsemme
vain selviytyjia

DNA-sekvenssissa on silloin nukleotidimuutoksia,
Insertioita tal deleetioita, aminohappomuutoksia ja
geenijarjestyksen muutoksia, jotka ovat selvinneet
korjausmekanismeista ja evoluution koettelemuksista



> T pyrimidiinit

i><1

> A puriinit

<> transitio tapahtuu paljon helpommin kuin

transversio Cr—————p

Insertio tai deleetio vaikeita, koodissa kohtalokkaita



Whale

. Rabbit Cat
Cobra Chicken VERTEBRATES
Salamander Human
ow
Frog
Goldfish
Barley
Earthworm Lotus
Alfalfa
Insect Bean
Clam PLANTS
Nematode
INVERTEBRATES Chlamydomonas
Paramecium PROTOZOA

Figure Q1-3 Molecular Biology of the Cell 5/e (© Garland Science 2008)



GENE RNA
mt nuc |mt nuc

Pisum + -+ -

Clitoria + -]+ -

—— Tephrosia + =+ -

E Galactia + =]+ -

Canavalia + =]+ -

L Lespedeza + + |+ 4+
I_E Eriosema - + | - +

Atylosia - + |- +

B o Erythrina - + |- +
—E Ramirezella - + |- +

p—y Vigna - o+ | - o+
— Phaseolus - + |- +

Dumasia + + |+ +

E Calopogonium + + | + -

Pachyrhizus + + |+ -

Cologania + -+ -

Pueraria + -]+ -

Pseudeminia + + |+ +

Pseudovigna + + | + -

= Ortholobium - + |- +
Psoralea - + | - +

Cullen - + | - +

Glycine + + | - +

Neonotonia + + |+ +

Teramnus + - + -

Amphicarpa + + |+ +

Figure Q1-2 Molecular Biology of the Cell 5/e (© Garland Science 2008)



Cdc7

MAP kinase
subfamily
KSS1 ERK1 cyclin-dependent
" PDGF Weel kinase subfamily
receptor (cell-cycle control)
tyrosine EGF Cdk2
kinase receptor Cdc2
subfamily
re - cyclic-AMP-
[ Lck dependent kinase
__ cyclic-GMP-
Raf dependent kinase
Mos protein kinase C

myosin light- Ca**/calmodulin-

TGFp chain kinases dependent kinase

receptor
L ]

receptor serine
kinase subfamily

Figure 3-66 Molecular Biology of the Cell 5/e (© Garland Science 2008)
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armadillo

ancestor — hedgehog
bat

dog
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rat
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e galago
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human

Figure 4-77 Molecular Biology of the Cell 5/e (© Garland Science 2008)



human

chimp
protein

human

chimp
protein

human

chimp
protein

human

chimp
protein

human

chimp
protein

gorilla caa

Q
GTGCCCATCCAAAAAGTCCAAGATGACACCAAAACCCTCATCAAGACAATTGTCACCAGG
CEEEEEErEr et e e e b e e e e e et e e e e e e e et e e e e
GTGCCCATCCAAAAAGTCCAGGATGACACCAAAACCCTCATCAAGACAATTGTCACCAGG
v P I Q K VvV @ D DT X TUL I K TTI V TR

K
ATCAATGACATTTCACACACGCAGTCAGTCTCCTCCAAACAGAAAGTCACCGGTTTGGAC
CEETEEETTEEr et et e e e e e et rer r e e e e et et
ATCAATGACATTTCACACACGCAGTCAGTCTCCTCCAAACAGAAGGTCACCGGTTTGGAC

I N DI 8 HT O S V S 8 K Q K V T G L D
gorilla aaAG
gorilla ccc

P
TTCATTCCTGGGCTCCACCCCATCCTGACCTTATCCAAGATGGACCAGACACTGECAGTC
CECTEETTEEE et e e e e e e e e e e e e e e e
TTCATTCCTGGGCTCCACCCTATCCTGACCTTATCCAAGATGGACCAGACACTGGCAGTC
F I P @ L HP I L TIL S K MDOQTTUL A V

v
AGTATGCCTTCCAGAAACGTGATCCAAATATCCAACGACCTG
III\I\I|I\I|I|I\IIIIIIIIIIIIIIII\III R RN AR R RRARN
TACCAACAGATCCTCACCAGTATGCCTTCCAGAAACATGATCCAAATATCCAACGACCTG
¥ Q @ I L T 8 M P 8 R N M I Q I 8 N D L
gorilla ATG

D
GAGAACCTCCGGGATCTTCTTCAGGTGCTGGCCTTCTCTAAGAGCTGCCACTTGCCCTGGE
RN e NN RN RN RN RR RN
GAGAACCTCCGGEACCTTCTTCAGGTGCTGEGCCTTCTCTAAGAGCTEGCCACTTGCCCTGG
ENLURD L L HV L A F 8 K S C HUL P W

gorilla GAC

Figure 4-76 Molecular Biology of the Cell 5/e (© Garland Science 2008)

mouse
GTGCCTATCCAGAAAGTCCAGGATGACACCAAAACCCTCATCAAGACCATTGTCACCAGGATCAATGACATTTCACACACG
GTGCCCATCCAAAAAGTCCAAGATGACACCAAAACCCTCATCAAGACAATTGTCACCAGGATCAATGACATTTCACACACG

human

mouse

ACCAGAGTCTGAGAAACATGTCATGCACCTCCTAGAAGCTGAGAGTTTAT -AAGCCTCGAGTGTACAT - TATTTCTGGTCATGGCTCTTGTCACTGCTGCCTGCTGAAATACAGGGCTGA
GCCAG--CCC-AGCACTGGCTCCTAGTGGCACTGGACCCAGATAGTCCAAGAAACATTTATTGAACGCCTCCTGAATGCCAGGCACCTACTGGAAGCTGA - -GAAGGATTTGARAGCACA

human
Figure 4-78 Molecular Biology of the Cell 5/e (© Garland Science 2008)

exon «—

— intron

[GTA-GGAGTCTCATGGGGGGACAAAGATGTAGGACTAGA
GTAAGGAGAGT -ATGCGGGGACAAA- - -GTAGAACTGCA
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Figure 4-85 Molecular Biology of the Cell 5/e (© Garland Science 2008)

30 more genes
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Figure 4-87 Molecular Biology of the Cell 5/e (© Garland Science 2008)



AGA UUA AGC

AGG UuG AGU
GCA CGA GGA CUA CCA UCA ACA GUA
GCC CGC GGC AUA CUC CCC UCC ACC GUC UAA
GCG CGG GAC AAC UGC GAA CAA GGG CAC AUC CUG AAA UUC CCG UCG ACG UAC GUG UAG
GCU CGU GAU AAU UGU GAG CAG GGU CAU AUU CUU AAG AUG UUU CCU UCU ACU UGG UAU GUU UGA
Ala Arg Asp Asn Cys Glu GIn Gly His lle Leu Lys Met Phe Pro Ser Thr Trp Tyr Val stop
A R D N C E Q G - f L K M F P S T w Y \'J

Figure 6-50 Molecular Biology of the Cell 5/e (© Garland Science 2008)



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.



Osa nukleotidisubstituutioista aiheuttaa aminohappomuutoksia,
suurin osa el. Aminohappomuutoksista evoluutio karsii
suurimman osan (purifioiva selektio)

Tassa on esimerkki pienen loismadon mitokondrion CO1 geenin
sekvenssievoluutiosta, ensin nukleotidit ja sitten aminohapot, ja
lopuksi fylogeneettinen esitys

Gyrodactylus arcuatus on kolmipiikin ulkoloinen
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Insertiot
Deleetiot

Ei-koodaavat jaksot



nlore 0.0 = [Jo
ks  Edit Search  Alignment Web  Sequencer  Display  Help
L= = IR I T A 4 £ 44 08 By § X % %m@E a4 »

M Sequences l Translated Protein 5 equences ]

. rarus AY0DA1976 Oulu(Rajahauta)

. rarus 7Var5 Lumijoki varjakka
. rarus Cl0 Wikeojadka Stanin PL

. raruzs Lirl Liminka Virkkula FI
. rarus AY338445 Trondheim

. rarus ClZ2 Bystrzyca Mala Krzywda PL

. mariannae DRZB8258 River Signaldal

. mariannae DQZ88255 REiver Rena

. hrakei DQZ28B8253 Stream Vajskovsky
. robustus AYZ73040 Gdansk Bay

. fle=zi AY27803% Gdansk Bay

. perlucidus ZNob

. nudifronsi

. coriicepsi

. branchicus AY081%77 Oulu Rajahauta
. branchus GbZ Kola Morze Biale RUS

. branchicus b3l Aberdeen GEB

. branchicus AF156669 Doel

. branchicus GWZ Gdansk Gorki Wsch PL

. branchicus 4vVarl Lumijoki Varjakka

et T3S @ with ™ wioGaps

Ribosomigeenien véalissa on liitososia, joilla el ehka ole paljonkaan
tentdvaa. Ne voivat nakdjaan muuttua isoin askelin, kokonaisina
lohkoina. Muutoksia voi kayttaa systematiikassa, tassd matojen.



95
9g [ mariannae

89 G. hrabei DQ288253 Stream Vajskovsky
o5 G. robustus AY 278040 Gdansk Bay
99 G. flesi AY 278039 Gdansk Bay
G. perlucidus 2No5
G. coriicepsi
98 G. nudifronsi

91

J—( branchicus
6

100 L[Wilko
88 4 Baltic

62

0.02

Edellisesta "linjauksesta™ laaditty fylogenia. Tosin geeni oli
noin 1200 bp pitka ja siind on konservatiivista suurin osa.



G. arcuatus

G. aculeatus, Pungitius pungitius, P. sinensis,
99 | Spinachia spinachia, Pomatoschistus minutus,

P. microps, Gobiusculus flavescensis,

ITS2 98 Knipowitschia panizzae, Salmo salar
G. nipponensis Anguilla japonica
; i G. ostendicus P. microps
0.05 85 .
” G. flavescensis G. flavescens
52 G. gondae P. lozanoi, P. minutus
G. branchialis P. microps, P. minutus
87 G. arcuatoides P. pictus, G flavescens
99 {L G. harengi Clupea harengus
Norja
G. sp. (Fundulus kansae) .
G. mariannae Cottus poecilopus - S I Ovakl d
/ -
99 G. hrabei C. poecilopus N orja
-
G. perlucidus Zoarces viviparus €| It ;
-
G. robustus Platichthys flesus <4«—— ameri
9'4 G. flesi P. flesus -« Itameri

G. nudifronsi n. sp. Lepidonotothen nudifrons «— Antarctl ca

G. coriicepsi n. sp. Notothenia coriiceps

42
71

63

89
67

77 99 G. rhinichthius Rhynichthis osculus
99 [ G. sp. (Richardsonius balteatus)

G. hoffmani Pimephales promelas

—i (. alexanderi G. aculeatus

G. lotae Lola lota
G. alexgusevi L. lota
G. pterygialis Gadus morhua

G. rarus G aculeatus, P. pungitius, S. spinachia
99 E

G. branchicus G. aculeatus

G. bullatarudis Poecilia reticulata

99 '— G. poeciliae P. caucana
" G. pictae F. picta

99 L— G. turnbulli P. reticulata

T Antarctica

Etela-
Amerikka

<




