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THE ORIGIN OF SPECIES

BY MEANS OF NATURAL SELECTION,

PRESERVATION OF FAVOURED RACES IN THE STRUGGLE
FOR LIFE.

LONDON:
JOHN MURRAY, ALBEMARLE STREET.
1859.

"It may metaphorically be said that
natural selection is daily and hourly
scrutinising, throughout the world,
the slightest VARIATIONS:; rejecting

those that are bad, preserving and
adding up all that are good; silently
and insensibly working, whenever
and wherever opportunity offers, at
the improvement of each organic
being in relation to its organic and
inorganic conditions of life"

Charles Darwin "The Origin of
Species'' CHAPTER 1IV.

Natural selection, or the survival of
the fittest.



IHoaimopdizmu (Bapiamii)
CJIL BIAPIZHATH
B MyTauiu

Harry
Harris

(1919 -1994 )
RED CELL ACID PHOSPHATASE VARIANTS: A NEW

HUMAN POLYMORPHISM.
HOPKINSON DA, SPENCER N, HARRIS H.

Nature. 1963 Sep 7;199:969-71.
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AAATGAGGGCCAGGCCAATGTGCTGGAGTGGCTTTGTTCTTGGCTGAGGGTTTTGGGTAGTGCCAA
AGCGTAAGGTAAGCCCTGCTTTCCAGAAGAATCTAGCAGAGTGTGGAGCCCAGATGGGACTGGAA
GGCCTGGGAGGGGTCAGGTGGCCACAGGGACGGGCCACAGCCAGTGGTGCAGGCAAGAAGACAA
TGGCATCCATGGTGGCTCACACCTGGAATCCCAGCCCATTGGGAGGTCGAGGCAGGTGGATCACC
TGAGGTCAGGAGTTCGAGACCAGCCTGGTCAACATGGTGAAACCCTGCTCTAATAAAATTATAAAA
ATTAGCCGGGCGTGGTGGTGGGTACCTGTAATCTCAGCTACTCAGGAGGCTGGGTCAGGAGAATC
GCTTGAACCCAGGAGGCGGAGGTTACAGTGAGCTGAGATAGCACCATTGCATTCCAGCCTGGACA
ACAAAAGCGAGACTCTGTCTCAAAAAAAAAAAAAAATTAGCCAGGCGTGGTGGTGGGTGCCTGTCG
TCCTCGGGAGGCTGAGGCATGAGAATCACTCCGGGAGGCAGAGGTTGCAATGAACCAAGATCACA
CCACTGCACTCCAGCCTGGGTGACAGAGCAAGACTCTGTCTAAAAAAAAAAAAAAGACAGAAGGAT
GTCAGCATCTGATGCTGCCTGTCACCTTGACCCTGAGGATGCCAGTCACAGCTCCATTAACTGGGA
CCTAGGAAAATGAGTCATCCTTGGTCATGCACATTTCAAATGGTGGCTTAATATGGAAGCCAGACT
TGGGATCTGTTGTCTCCTCCAGCATGGTAGAAGATGCCTGAAAAGTAGGGGCTGGATCCCATCCCC
TGCCTCACTGGGAAGGCGAGGTGGTGGGGTGTGGTGGGGCCTCAGGCTTGGGGTCATGGGACAAA
GCCCAGGCTGAATGCCGCCCTTCCATCTCCCTCCTCCTGAGACAGGGGCAGCAGGGCACACTAGT
GTCCAGGAGCAGCTTATGAGGCCCCTTCACCCTCCATCCTCCAAAACTGGCAGACCCCACCTTCTT
GGTGTGACCCCAGAGCTCTGAGCACAGCCCGTTCCTTCCGCCTGCCGGCCCCCCACCLCAGGCCCA
CCCCAACCTTATCCTCCACTGCTTTTCAGAGGAGTCTGGCCAACACAAATCCTCTTGTTTGTTTGTC
TGTCTGTCTGCTGCTCCTAGTCTCTGCCTCTCCCAGTCTCTCAGCTTCCGTTTCTTTCTTAAACTTTC
TCTCAGTCTCTGAGGTCTCGAAATCACGAGGCTTCGACCCCTGTGGACCAGATGCCCAGCTAGTGG
CCTTTCTCCAGCCCCTCAGATGGCACAGAACTACAAACCCCAGCATGCACTCTGGCCTGAAGTGCC
TGGAGAGTGCTGGTGTACCCCACCTGCATTCTGGGAACTGTAGTTTCCCTAGTCCCCCATGCTCCC
ACCAGGGCATCAAGCTCTTCCCTGGCCGGCTGACCCTGCCTCAGCCCTAGTCTCTCTGCTGACCTG
CGGCCCCGGGAAGCGTGCGTCACTGAATGACAGGGTGGGGGTGGAGGCACTGGAAGGCAGCTTCC
TGCTCTTTTGTGTCCCCCACTTGAGTCATGGGGGTGTGGGGGTTCCAGGAAATTGGGGCTGGGAG
GGGAAGGGATACCCTAATGTCAGACTCAAGGACAAAAAGTCACTACATCCTTGCTGGGCCTCTATC
CCCAAGAACCCAAAAGGACTCAAGGGTGGGGATCCAGGAGTTCTTGTATGTATGGGGGGAGGTGA
AGGAGAGAACCTGCATGACCCTAGAGGTCCCTGTGGTCACTGAGAGTGTGGGCTGCCATCCCCTG
CTACAGAAACGGTGCTCACCTTCTGCCCAACCCTCCAGGGAAAGGCACACAGGGGTGAGGCCGAA
GGCCCTTCCGTCTGGTGCCACATCACAGAAGGACCTTTATGACCCCCTGGTGGCTCTACCCTGCCA
CTCCCCAATGCCCCAGCCCCCATGCTGCAGCCCCAGGGCTCTGCTGGACACCTGGGCTCCCACTTA
TCAGCCTCAGTCCTCACAGCGGAACCCAGGCGTCCGGCCCCCCACCATT CAGG CCcAGCGGGCGTG



AGCGTAAGGTAAGCCCTGCTTTCCAGAAGAATCTAGCAGAGTGTGGAGCCCAGATGGGACTGGAA
GGCCTGGGAGGGGTCAGGTGGCCACAGGGACGGGCCACAGCCAGTGGTGCAGGCAAGAAGACAA
TGGCATCCATGGTGGCTCACACCTGGAATCCCAGCCCATTGGGAGGTCGAGGCAGGTGGATCACC
TGAGGTCAGGAGTTCGAGACCAGCCTGGTCAACATGGTGAAACCCTGCTCTAATAAAATTATAAAA
ATTAGCCGGGCGTGGTGGTGGGTACCTGTAATCTCAGCTACTCAGGAGGCTGGGTCAGGAGAATC
GCTTGAACCCAGGAGGCGGAGGTTACAGTGAGCTGAGATAGCACCATTGCATTCCAGCCTGGACA
ACAAAAGCGAGACTCTGTCTCAAAAAAAAAAAAAAATTAGCCAGGCGTGGTGGTGGGTGCCTGTCG
TCCTCGGGAGGCTGAGGCATGAGAATCACTCCGGGAGGCAGAGGTTGCAATGAACCAAGATCACA
CCACTGCACTCCAGCCTGGGTGACAGAGCAAGACTCTGTCTAAAAAAAAAAAAAAGACAGAAGGAT
GTCAGCATCTGATGCTGCCTGTCACCTTGACCCTGAGGATGCCAGTCACAGCTCCATTAACTGGGA
CCTAGGAAAATGAGTCATCCTTGGTCATGCACATTTCAAATGGTGGCTTAATATGGAAGCCAGACT
TGGGATCTGTTGTCTCCTCCAGCATGGTAGAAGATGCCTGAAAAGTAGGGGCTGGATCCCATCCCC
TGCCTCACTGGGAAGGCGAGGTGGTGGGGTGTGGTGGGGCCTCAGGCTTGGGGTCATGGGACAAA
GCCCAGGCTGAATGCCGCCCTTCCATCTCCCTCCTCCTGAGACAGGGGCAGCAGGGCACACTAGT
GTCCAGGAGCAGCTTATGAGGCCCCTTCACCCTCCATCCTCCAAAACTGGCAGACCCCACCTTCTT
GGTGTGACCCCAGAGCTCTGAGCACAGCCCGTTCCTTCCGCCTGCCGGCCCCCCACCCAGGCCCA
CCCCAACCTTATCCTCCACTGCTTTTCAGAGGAGTCTGGCCAACACAAATCCTCTTGTTTGTTTGTC
TGTCTGTCTGCTGCTCCTAGTCTCTGCCTCTCCCAGTCTCTCAGCTTCCGTTTCTTTCTTAAACTTTC
TCTCAGTCTCTGAGGTCTCGAAATCACGAGGCTTCGACCCCTGTGGACCAGATGCCCAGCTAGTGG
CCTTTCTCCAGCCCCTCAGATGGCACAGAACTACAAACCCCAGCATGCACTCTGGCCTGAAGTGCC
TGGAGAGTGCTGGTGTACCCCACCTGCATTCTGGGAACTGTAGTTTCCCTAGTCCCCCATGCTCCC
ACCAGGGCATCAAGCTCTTCCCTGGCCGGCTGACCCTGCCTCAGCCCTAGTCTCTCTGCTGACCTG
CGGCCCCGGGAAGCGTGCGTCACTGAATGACAGGGTGGGGGTGGAGGCACTGGAAGGCAGCTTCC
TGCTCTTTTGTGTCCCCCACTTGAGTCATGGGGGTGTGGGGGTTCCAGGAAATTGGGGCTGGGAG
GGGAAGGGATACCCTAATGTCAGACTCAAGGACAAAAAGTCACTACATCCTTGCTGGGCCTCTATC
CCCAAGAACCCAAAAGGACTCAAGGGTGGGGATCCAGGAGTTCTTGTATGTATGGGGGGAGGTGA
AGGAGAGAACCTGCATGACCCTAGAGGTCCCTGTGGTCACTGAGAGTGTGGGCTGCCATCCCCTG
CTACAGAAACGGTGCTCACCTTCTGCCCAACCCTCCAGGGAAAGGCACACAGGGGTGAGGCCGAA
GGCCCTTCCGTCTGGTGCCACATCACAGAAGGACCTTTATGACCCCCTGGTGGCTCTACCCTGCCA
CTCCCCAATGCCCCAGCCCCCATGCTGCAGCCCCAGGGCTCTGCTGGACACCTGGGCTCCCACTTA
TCAGCCTCAGTCCTCACAGCGGAACCCAGGCGTCCGGCCCCCCACCCTTCAGGCCAGCGGGCGTG
GAGCTGAGGCTTTAGAGCCTCCCAGCCGGGCTTGTTCCTGTCCCATTGTGTATGGGATAGGGGCG
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AAATGAGGGCCAGGCCAATGTGCTGGAGTGGCTTTGTTCTTGGCTGAGGGTTTTGGGTAGTGCCAA
AGCGTAAGGTAAGCCCTGCTTTCCAGAAGAATCTAGCAGAGTGTGGAGCCCAGATGGGACTGGAA
GGCCTGGGAGGGGTCAGGTGGCCACAGGGACGGGCCACAGCCAGTGGTGCAGGCAAGAAGACAA
TGGCATCCATGGTGGCTCACACCTGGAATCCCAGCCCATTGGGAGGTCGAGGCAGGTGGATCACC
TGAGGTCAGGAGTTCGAGACCAGCCTGGTCAACATGGTGAAACCCTGCTCTAATAAAATTATAAAA
ATTAGCCGGGCGTGGTGGTGGGTACCTGTAATCTCAGCTACTCAGGAGGCTGGGTCAGGAGAATC
GCTTGAACCCAGGAGGCGGAGGTTACAGTGAGCTGAGATAGCACCATTGCATTCCAGCCTGGACA

ACAAAAGCGAGACTCTGTCTCAAAAAAAAAAAAAL ' "AGCCAGGCGTGGTGGTGGGTGCCTGTCG
TCCTCGGGAGGCTGAGGCATGAGAATCACT® “"AGAGGTTGCAATGAACCAAGATCACA
CCACTGCACTCCAGCCTGGGTGACAGAGCAAGAL < TAAAAAAAAAAAAAAGACAGAAGGAT
GTCAGCATCTGATGCTGCCTGTCACCTTGACCCTG A “CCAGTCACAGCTCCATTAACTGGGA
CCTAGGAAAATGAGTCATCCTTGGTCATGCACATTTC . "GGCTTAATATGGAAGCCAGACT

TGGGATCTGTTGTCTCCTCCAGCATGGTAGAAGATGCCT(- AGTAGGGGCTGGATCCCATCCCC

TGCCTCACTGGGAAGGCGAGGTGGTGGGGTGTGGTGGGGY \GGCTTGGGGTCATGGGACAAA
GCCCAGGCTGAATGCCGCCCTTCCATCTCCCTCCTCCTGAGACAL  GGCAGCAGGGCACACTAGT

GTCCAGGAGCAGCTTATGAGGCCCCTTCACCCTCCATCCTCCAAAACIGGCAGACCCCACCTTCTIT
GGTGTGACCCCAGAGCTCTGAGCACAGCCCGTTCCTTCCGCCTGCCGGCCCCCCACCLCAGGCCCA
CCCCAACCTTATCCTCCACTGCTTTTCAGAGGAGTCTGGCCAACACAAATCCTCTTGTTTGTTTGTC
TGTCTGTCTGCTGCTCCTAGTCTCTGCCTCTCCCAGTCTCTCAGCTTCCGTTTCTTTCTTAAACTTTC
TCTCAGTCTCTGATCTCGAAATCACGAGGCTTCGACCCCTGTGGACCAGATGCCCAGCTAGTGGCC
TTTCTCCAGCCCCTCAGATGGCACAGAACTACAAACCCCAGCATGCACTCTGGCCTGAAGTGCCTG
GAGAGTGCTGGTGTACCCCACCTGCATTCTGGGAACTGTAGTTTCCCTAGTCCCCCATGCTCCCAC

CAGGGCATCAAGCTCTTCCCTGGCCGGCTGACCCTGCCTCAGCCCTAGTCTCTCTGCTGACCTGCG
GCCCCGGGAAGCGTGCGTCACTGAATGACAGGGTGGGGGTGGAGGCACTGGAAGGCAGCTTCCTG
CTCTTTTGTGTCCCCCACTTGAGTCATGGGGGTGTGGGGGTTCCAGGAAATTGGGGCTGGGAGGG
GAAGGGATACCCTAATGTCAGACTCAAGGACAAAAAGTCACTACATCCTTGCTGGGCCTCTATCCC

CAAGAACCCAAAAGGACTCAAGGGTGGGATCCAGGAGTTCTTGTATGTATGGGGGGAGGTGAAGG
AGAGAACCTGCATGACCCTAGAGGTCCCTTGGTCACTGAGAGTGTGGGCTGCCATCCCCTGCTACA
GAAACGGTGCTCACCTTCTGCCCAACCCTCCAGGGAAAGGCACACAGGGGTGAGGCCGAAGGCCC
TTCCGTCTGGTGCCACATCACAGAAGGACCTTTATGACCCCCTGGTGGCTCTACCCTGCCACTCCC

CAATGCCCCAGCCCCCATGCTGCAGCCCCAGGGCTCTGCTGGACACCTGGGCTCCCACTTATCAGC
CTCAGTCCTCACAGCGGAACCCAGGCGGTCOCGGCCCCCCACCCTTI CAGGCCAGOGGGOGTGGAGCT



GGLCOCIGGGIGGIGLCACCTCCAGAGUTGLCCAGGUTIGGGLOCTCAAGGAAGAAAAAGATTTICALTL
GTCAGAGGCGGAAGGGAGAGTGGAGGGAACAGCACAGCAGCGGCCCAGGGGCAGGGAAGCACAG
GACCATTAGGGAGACACGAGAAAGCCATTTGTCTAGAACAGAGGATTCAAGCAGTGCACCAAGGA
AAATGAGGGCCAGGCCAATGTGCTGGAGTGGCTTTGTTCTTGGCTGAGGGTTTTGGGTAGTGCCAA
AGCGTAAGGTAAGCCCTGCTTTCCAGAAGAATCTAGCAGAGTGTGGAGCCCAGATGGGACTGGAA
GGCCTGGGAGGGGTCAGGTGGCCACAGGGACGGGCCACAGCCAGTGGTGCAGGCAAGAAGACAA
TGGCATCCATGGTGGCTCACACCTGGAATCCCAGCCCATTGGGAGGTCGAGGCAGGTGGATCACC
TGAGGTCAGGAGTTCGAGACCAGCCTGGTCAACATGGTGAAACCCTGCTCTAATAAAATTATAAAA
ATTAGCCGGGCGTGGTGGTGGGTACCTGTAATCTCAGCTACTCAGGAGGCTGGGTCAGGAGAATC
GCTTGAACCCAGGAGGCGGAGGTTACAGTGAGCTGAGATAGCACCATTGCATTCCAGCCTGGACA
ACAAAAGCGAGACTCTGTCTCAAAAAAAAAAAAAAATTAGCCAGGCGTGGTGGTGGGTGCCTGTCG
TCCTCGGGAGGCTGAGGCATGAGAATCACTCCGGGAGGCAGAGGTTGCAATGAACCAAGATCACA
CCACTGCACTCCAGCCTGGGTGACAGAGCAAGACTCTGTCTAAAAAAAAAAAAAAGACAGAAGGAT
GTCAGCATCTGATGCTGCCTGTCACCTTGACCCTGAGGATGCCAGTCACAGCTCCATTAACTGGGA
CCTAGGAAAATGAGTCATCCTTGGTCATGCACATTTCAAATGGTGGCTTAATATGGAAGCCAGACT
TGGGATCTGTTGTCTCCTCCAGCATGGTAGAAGATGCCTGAAAAGTAGGGGCTGGATCCCATCCCC
TGCCTCACTGGGAAGGCGAGGTGGTGGGGTGTGGT GGGCCTCAGGCTTGGGGT
CATGGGACAAAGCCCAGGCTGAATGCCGCCCTTCCATCTCCCTCCTCCTGAGACAGGGGCAGCAG
GGCACACTAGTGTCCAGGAGCAGCTTATGAGGCCCCTTCACCCTCCATCCTCCAAAACTGGCAGAC
CCCACCTTCTTGGTGTGACCCCAGAGCTCTGAGCACAGCCCGTTCCTTCCGCCTGLCCGGCCCCCCA
CCCAGGCCCACCCCAACCTTATCCTCCACTGCTTTTCAGAGGAGTCTGGCCAACACAAATCCTCTT
GTTTGTTTGTCTGTAGTCTCTGCCTCTCCCAGTCTCTCAGCTTCCGTTTCTTTCTTAAACTTTCTCTC
AGTCTCTGATCTCGAAATCACGAGGCTTCGACCCCTGTGGACCAGATGCCCAGCTAGTGGCCTTTC
TCCAGCCCCTCAGATGGCACAGAACTACAAACCCCAGCATGCACTCTGGCCTGAAGTGCCTGGAGA
GTGCTGGTGTACCCCACCTGCATTCTGGGAACTGTAGTTTCCCTAGTCCCCCATGCTCCCACCAGG
GCATCAAGCTCTTCCCTGGCCGGCTGACCCTGCCTCAGCCCTAGTCTCTCTGCTGACCTGCGGCCC
CGGGAAGCGTGCGTCACTGAATGACAGGGTGGGGGTGGAGGCACTGGAAGGCAGCTTCCTGCTCT
TTTGTGTCCCCCACTTGAGTCATGGGGGTGTGGGGGTTCCAGGAAATTGGGGCTGGGAGGGGAAG
GGATACCCTAATGTCAGACTCAAGGACAAAAAGTCACTACATCCTTGCTGGGCCTCTATCCCCAAG
AACCCAAAAGGACTCAAGGGTGGGATCCAGGAGTTCTTGTATGTATGGGGGGAGGTGAAGGAGAG
AACCTGCATGACCCTAGAGGTCCCTTGGTCACTGAGAGTGTGGGCTGCCATCCCCTGCTACAGAAA
CGGTGCTCACCTTCTGCCCAACCCTCCAGGGAAAGGCACACAGGGGTGAGGCCGAAGGCCCTTCC

als aVals nVaVals naValVeal Walta nalh e ahwalhuwaaihwalValz ala nlsa al s nalerraaVValVaVals sValVeals owalVealVealzs 2nWalzs s SraVValValsz nsVealVa Vel Walz 2naValValVal Y al




BIAMIHHOCTI, {0 BU3HAYAKOTH N€HETUYHY reTePOreHHICTh MOMYJIsIIil
TA TCHETUYHY IHAMBIAYAJbHICTH KOKHOI JIIOAUHU, Il KOHCTUTYIIIO TA
CXUJIBHICTD /10 PO3BUTKY 3aXBOPIOBAHb

> 60 MuiH. Bapiauiu (2 % resomy)
KoxHuil reH Moske 0yTH MpeacTABJICHUN y OLIbII HiK
2000 BapianTax !



GGCCTGGGAGGGGTCAGGTGGCCACAGGGACGGGCCACAGCCAGTGGTGCAGGCAAGAAGACAA
TGGCATCCATGGTGGCTCACACCTGGAATCCCAGCCCATTGGGAGGTCGAGGCAGGTGGATCACC
TGAGGTCAGGAGTTCGAGACCAGCCTGGTCAACATGGTGAAACCCTGCTCTAATAAAATTATAAAA
ATTAGCCGGGCGTGGTGGTGGGTACCTGTAATCTCAGCTACTCAGGAGGCTGGGTCAGGAGAATC
GCTTGAACCCAGGAGGCGGAGGTTACAGTGAGCTGAGATAGCACCATTGCATTCCAGCCTGGACA
ACAAAAGCGAGACTCTGTCTCAAAAAAAAAAAAAAATTAGCCAGGCGTGGTGGTGGGTGCCTGTCG
TCCTCGGGAGGCTGAGGCATGAGAATCACTCCGGGAGGCAGAGGTTGCAATGAACCAAGATCACA
CCACTGCACTCCAGCCTGGGTGACAGAGCAAGACTCTGTCTAAAAAAAAAAAAAAGACAGAAGGAT
GTCAGCATCTGATGCTGCCTGTCACCTTGACCCTGAGGATGCCAGTCACAGCTCCATTAACTGGGA
CCTAGGAAAATGAGTCATCCTTGGTCATGCACATTTCAAATGGTGGCTTAATATGGAAGCCAGACT
TGGGATCTGTTGTCTCCTCCAGCATGGTAGAAGATGCCTGAAAAGTAGGGGCTGGATCCCATCCCC
TGCCTCACTGGGAAGGCGAGGTGGTGGGGTGTGGTGGGGCCTCAGGCTTGGGGTCATGGGACAAA
GCCCAGGCTGAATGCCGCCCTTCCATCTCCCTCCTCCTGAGACAGGGGCAGCAGGGCACACTAGT
GTCCAGGAGCAGCTTATGAGGCCCCTTCACCCTCCATCCTCCAAAACTGGCAGACCCCACCTTCTT
GGTGTGACCCCAGAGCTCTGAGCACAGCCCGTTCCTTCCGCCTGCCGGCCCCCCACCCAGGCCCA
CCCCAACCTTATCCTCCACTGCTTTTCAGAGGAGTCTGGCCAACACAAATCCTCTTGTTTGTTTGTC
TGTCTGTCTGCTGCTCCTAGTCTCTGCCTCTCCCAGTCTCTCAGCTTCCGTTTCTTTCTTAAACTTTC
TCTCAGTCTCTGA[T/CITCTCGAAATCACGAGGCTTCGACCCCTGTGGACCAGATGCCCAGCTAGTG
GCCTTTCTCCAGCCCCTCAGATGGCACAGAACTACAAACCCCAGCATGCACTCTGGCCTGAAGTGC
CTGGAGAGTGCTGGTGTACCCCACCTGCATTCTGGGAACTGTAGTTTCCCTAGTCCCCCATGCTCC
CACCAGGGCATCAAGCTCTTCCCTGGCCGGCTGACCCTGCCTCAGCCCTAGTCTCTCTGCTGACCT
GCGGCCCCGGGAAGCGTGCGTCACTGAATGACAGGGTGGGGGTGGAGGCACTGGAAGGCAGCTT
CCTGCTCTTTTGTGTCCCCCACTTGAGTCATGGGGGTGTGGGGGTTCCAGGAAATTGGGGCTGGGA
GGGGAAGGGATACCCTAATGTCAGACTCAAGGACAAAAAGTCACTACATCCTTGCTGGGCCTCTAT
CCCCAAGAACCCAAAAGGACTCAAGGGT[G/A]GGGATCCAGGAGTTCTTGTATGTATGGGGGGAGG
TGAAGGAGAGAACCTGCATGACCCTAGAGGTCCCTTGGTCACTGAGAGTGTGGGCTGCCATCCCCT
GCTACAGAAACGGTGCTCACCTTCTGCCCAACCCTCCAGGGAAAGGCACACAGGGGTGAGGCCGA
AGGCCCTTCCGTCTGGTGCCACATCACAGAAGGACCTTTATGACCCCCTGGTGGCTCTACCCTGCC
ACTCCCCAATGCCCCAGCCCCCATGCTGCAGCCCCAGGGCTCTGCTGGACACCTGGGCTCCCACTT
ATCAGCCTCAGTCCTCACAGCGGAACCCAGGCGTCCGGCCCCCCACCCTTCAGGCCAGCGGGCGT
GGAGCTGAGGCTTTAGAGCCTCCCAGCCGGGCTTGTTCCTGTCCCATTGTGTATGGGATAGGGGC
GGGGCGAGGGCCAGCACTGGAGAGCCCCCTCCCACTGCCCCCTCCTCTCGGTCCCCcTCCCcTCTTCC



CxeMa po3MOBCHOIKECHHSA
Homo sapiens 1mo ¢BiTy Ta 4acrora
nojiMmopdizmy rena DDR2 (peuentop nopaminy)
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MyTaiii — maToJoriyHi 3MiH4 B reHOMi, He
OB fI3aHi I3 CTATEBOK 200 COMATUYHOKO
peKoMOiHaIi€r0, IKI MOKYTh CIIAJIKYBATUCS.

Onucano 16 495 human disease-associated
mutations (DAMSs) B 580 renax.

Bapiauii — cnaakoBi NIPpUPOAHI BiAMIHHOCTI
FeHOMY IEeBHOI'0 BHY, 10 BU3HAYAKOTH
FreHeTUYHY IeTePOreHHICTh MOMmyJasiiil.

Omnucano >60 muH. SNP B ycix renax.



BIZIMIHHOCTI MYTAUII BIJI BAPIALII
(AJIEJIBHOI'O TOJIIMOP®I3MY) TEHA

SHAUEHHA MYTALIA BAPIAILIA
Monysstuiiino- 3ycTpivaerncs piako Mae IHPOKE PO3MOBCIOKEHHS
(4acToTa MYTAHTHOIO (4actora 3mMiHeHOro aJjeJas Big 1%
reHeTU4YHe 0 0
ajiesis He nepeBuinye 1%) 1m0 75%)

3a0e3neuy€e reHeTUYHY
reTeporeHHiCTh MOMYyJIsil,

di3ioJIoriuHe Hemae :
reHeTUYHe MiAIPYHTS KOHCTUTYILII
JIIOUHH
c e Yuuuth noTy:;KHUil BILIMB | [IeBHOIO Mipo10 3MiHIO€E AKTUBHICTH
bioximiune : - o
HA aKTHUBHICTH OiJIKIB OiJIKiB
CnpuyuHio€ po3BUTOK | BiuiuBae HA HMOBIPHICTH PO3BHTKY
IHaTodisiosoriune 3aXBOPIOBAaHHS 3aXBOPIOBaHHSI (MOJIireHHA
(MOHOTEeHHA NATOJIOTis) [aTOJIOTisl)
Jlo3BoJIsi€c mMiATBEPANTH Jlo3BoJIsI€ OMIHUTH PU3UK
JliarHocTHuYHe AIarHO3 CMAJAKOBOI0 BUHHKHEHHS 3aXBOPIOBAHHS, HOT0

3aXBOPIHOBAHHS BAKKICTh Ta e()eKTUBHICTH Tepaiil




European Journal of Human Genetics (2002) 10, 505-510
® 2002 Nature Publishing Group  All rights reserved 1018-4813/02 $25.00

www.nature.com/ephg

Pathogenic mutations and rare variants of the APC
gene identified in 75 Belgian patients with familial
adenomatous polyposis by fluorescent enzymatic
mutation detection (EMD)

- .S . . . . P 2 . - - o . - . S 2
Genevieve Michils', Sabine Ie]par"“, Jean-Pierre I~ryns', Eric Leglus', Eric Van Cutsem~,
Jean-Jacques Cassiman' and Gert Matthijs*’

Pathogenic mutations and non-pathogenic DNA polymorphisms in
the most common neurodegenerative disorders

Andrzej Kochanski

Neuromuscular Unit, Mossakowski Medical Research Centre, Polish Academy of Sciences, Warsaw, Poland




MEXAHI3MU BUHUKHEHHS MYTAIIU TA

BAPIALIN I'EHIB PI3HI
MYTALII BAPIALII
Ex3orenni ¢pakropu (ioHizyrwoue Ex3oreHni pakropu (3MiHH yMOB

BUIIPOMIHIOBAHHS, XiMIYHI iCHYyBaHHS, piBeHb 1HCOJISLI,

MYyTareHu, BipycH Ta iH.) XapakTep XapuyBaHHS Ta iH.)
Engorenni paxkropu (BinbHi Engorenti (pakropu

PAAUKAJN, IOMUJIKU NIPH (penarysannsa PHK, /THK,

peILtikamii, penapanii, enmireHeTH4YHi Moau@ikaii, TOUIO
TOILIO)

CTOXACTHUYHI HIVIECITPAMOBAHI



MarepiajioM AJ11 IPAPOIHOIO
1000py € Bapiauii, a He myTaIlii!
JIOKA3H Hanae

" BAPIOMIKA

HUMAN VARIOME
PROJECT

PEJIAI YBAHH# nykneinoBux E

kucnot (PHK, JTHK)

Hydrolytic deamination

o EINITEHETHKA




Functional genomics & bioinformatics DOI 10.1002/bies.080081

The spectra of point mutations in
vertebrate genomes

Guenter Albrecht-Buehler”

Department of Cell and Molecular Biology, Feinberg School of Medicine, Northwestern University, Chicago, IL,

AVERAGE SPECTRUM
(re-ordered)

s

v Ll L L v .

C-T A-G A-T C-G G~T T-G

Figure 3. Average spectrum of the specma S([X -+ Y]) shown in
Fig. 2a and b ordered by amplitude. Error bars indicate standard
deviations of the averages. As described in the Discussion, the
grouping of the six essential point mutations into the two maost
frequent (black columns), two intermediate frequent (gray columns)
and the two least frequent (white columns) mutations, may help
identify different underlying mechanisms.




bBiabiricte SNP € 3aminamu A/G 1ta C/T
(cniBBigHOIIEeHHH 1:1)




Pi3Hi THIM COMATUYHUX MYTAaUil NIEBHOI'0 reHA
(KRAS)

Cosmic » Gene » Analysis » KRAS

Histogram Mutations Fusions Tissue Wil!

Color Mutation Type Mutant samples Percentage
0.55
0.34
0.58
0.25
0.15
0.06
53.48
9.26
36.61
0.05
0.08
0.04
100




Pi3Hi THIM COMATUYHUX MYTAaUil NIEBHOI'0 reHA

(KRAS)

COSMIC

Catalogue of somatic mutations in cancer

Home  About Download Publications News  Contact Help FAQ

Cosmic » Gene » Analysis » KRAS

Histogram Mutations Fusions Tissue CNV & Expr

Mutation Distribution Pie Charts

Color Mutation Type Mutant samples Percentage
(G>AT 11079 36.85
2802 9.32
16124 53.63
189 0.63
125 0.42
178 0.59

30066 100

There are 20 mutated samples where the nucleotide change is unknown
'more details]

| Deletions

| Insertions




Pi3HI TUIIM COMATHYHUX MYTAaIlil IEBHOI'0 I'eHA
(BRCA1)

Cosmic » Gene » Analysis » BRCA1

Histogram Mutations Fusions Tissue By CNV & Expr

Substitutions ( coding strand)  Substitutions ( both strands)

Color Mutation Type Mutant samples Percentage
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Cryptic Variation in the Human Mutation Rate

Alan Hodgkinson, Emmanuel Ladoukakis”, Adam Eyre-Walker

Centre for the Study of Evolution, School of Life Sclences, University of Sussex, Brighton, United Kingdom

Table 1. The Pattern of Coincident SNPs

Human SNP Chimpanzee
T

Observed

Observed/expected

Buagoo0pa3oBaHue J1aeT HOBbIE MATTEPHbBI MOJIMMOP(PU3ZMOB,
CTPYKTYpPA NONMYJIALHOHHOIO MOJTUMOP(PH3MA BOZHUKAET 3aHOBO
B X0/1€¢ AUBEPreHIINHU




PEJAI'YBAHHA PHK

CHIPSAMOBAHI 3MIHU OKPEMHUX HYKJICOTH/IIB B
PHK miciass rpanckpumiii

Buau pexarysanns PHK

3amiHa
HyKkrneomuaois eneyii
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AJICHO3UH/AE3aMIHA3H eyKapioT
(ADAR)

H,O
NH, ‘
Rlbose 5 phosphate Ribose 5 phosphate Ribose 5 phosphate
Adenosine Transition state Inosine

TRENDS in Genetics

mm  ADAR1 (1226 aa)

s Deaminase == ADAR2 (701 aa)

R

o b | Deaminase ™= ADARS3 (739 aa)

. . TRENDS in Genetics
Inosin — e, pakTHYHO ryaHiANMH, KOMILIEMEHTAPHUI IIATO3UHY!




OCHOBHI MIHIEHI ADAR

Type of RNAediting Examples
(a) Protein-coding pre-mRNAs
GRIAZ2 Q/R-site
\ Exon11 280 nt

(b) Repetitive elements

huNARF recoding and creation of

splice-site / %
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hu lin28 3'UTR

3 UTR exon
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c. microRNA precursors pri-miRNA-99b: seed-sequence modification
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5 ~—GGCAC ACCCGUAGA “CGACUUG G G GGCC U

3——0 u
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pri-miRNA-133a2: Drosha processing inhibition

. G AC
5'— acua liecuaau™an’acaccanauct UG,

3— CGAUGUCGACCAACUUCCCCUGGUUUAGGUA ACC




PenaryBanns C na U

apobec-1

V" AGF

Blanc V, Davidson N O J. Biol. Chem. 2003;278:1395-1398

C-to-U RNA editing of apolipoprotein B. The model for an ~35-nucleotide region of apoB RNA
flanking the edited base (asterisk) is shown. . 6&

©2003 by American Society for Biochemistry and Molecular Biology J



APOBEC ("apolipoprotein B mRNA editing
enzyme, catalytic polypeptide-like')

Priites (a) 100 amino acids
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Intracellular foreign DNA

APOBEC-mediated NS \lvmm

deamination of foreign

Q/AGTACGT

viral or bacterial DNA /A0 A

A3A l DNA, .
deamination

APOBEC1  |mae APOBEC3F | TUATGUA
J | | AGTAUGT

APOBEC2 |ma e APOBECSG | VAVaSRYAVAN

Uracil

APOBEC3A | ava APOBEGC3H unez | et

APOBECSC |mae APOBEC4 | 7 | hath 6D

APOBEC3D | - |ADD shm | VAVASKY/AVAN

Endonucleolytic
cleavage

APEX ? l

* formerly APOBEC3E

s
| | ‘ T J ]
Stenglein MD et al Nat Struct Mol Biol 17:222 (2010) ) \




Producer Cell LD Fusion
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Poaunni ¢pyukuii APOBECs

Table 1 | The human APOBEC-family members

Name*

AID

APOBEC1
APOBEC2
APOBECS3A
APOBEC3B

APOBECS3C

APOBEC3D
APOBEC3D-3E
APOBECSE
APOBECS3F

APOBEC3G

APOBECS3H
APOBEC4

Genomic
position

12p13

12p13.1
6p21

22q13.1
22913.1

22q13.1

22q13.1
22q13.1
22q13.1
22q13.1

22q13.1

22q13.1
12023

Expression
profile

Activated B cells, lower levels
in other tissues

Gastrointestinal tissues
Heart and skeletal muscle
Keratinocytes

Peripheral-blood cells, T cells and
keratinocytes (not co-expressed
with APOBEC3F or APOBEC3G)

Many tissues and a variety of
cancer cell lines

Unknown
Unknown

Unknown, probably a pseudogene

Many tissues and probably
co-expressed with APOBEC3G

Many tissues and probably
co-expressed with APOBEC3F

Unknown
Unknown

Known editing
activities

DNA deaminaset

RNA or DNA deaminase
Unknown
Unknown

DNA deaminase (with minor
RNA-editing activity)

DNA deaminase

None
None
None

DNA deaminase (with minor
RNA-deaminase activity)

DNA deaminase

Unknown

Unknown

Probable physiological
function

Immunoglobulin-gene
diversification

APOB mRNA editing
Unknown

Unknown

Retroviral cDNA editing

Unknown

Unknown
Unknown

Unknown
Retroviral cDNA editing

Retroviral cDNA editing

Unknown

Unknown




Differential inhibition of LINET and LINE2 o —
retrotransposition by vertebrate AID/APOBEC ‘ RETROVIROLOGY
proteins Nt

Natasa Lindic’, Maruska Budi¢', Toni Petan?, Binyamin A Knisbacher?, Erez Y Levanon® and Nika Lovéin'
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LINE-1 retrotransposition in human neuroblastoma cells
is affected by oxidative stress

Gianfranco Giorgi - Pamela Marcantonio + Brunella Del Re
Cell Tissue Res (2011) 346:383-391

** P<0.009
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HemoxkausicTb 3MiHuTH JIHK 32
eKCTPEMAJbHUX YMOB CIIPMYUHIOE
crBOpeHHsa HoBuX BapiaHTiB PHK, sk
«IMPOOHOI0 KAMEHS» €BOJIIOLII

3a BUUKMBAHHA KJIITUHM € TPH
MOKJIMBOCTI «3aIIACATH» BUTIIHY
komOIHaniw B /IHK:
- PeTPOTPAHCIIO30HH,
- TeJIoMepasa,
- PHK-3a/1e:xHa pennapairist



AHTUTEHHA CTUMYJISIUS B-JIIM®OIIUTIB
NIJIBULIYE EKCIPECIIO THAYIUBEJbHOI
MUTUIAH-TE3AMIHA3U




AlID 3a0e3meuye coMaTH4YHA rinepMyTa0eJbHICTD
Ta NEPEeKJIIYCHHS CUHTE3Y AaHTUTLI 3 OHOI0
KJacy Ha iHmu#u (class-switching)

V(D)J recombination

7 7 ™

RAG-1-RAG-2

vDJ C
SHM

llll&lllll AID llll\l’lllll UNG Illlélllll BER and MMR

RENA4RNER LS L111F1111y  Repair proteins

CSR

§ 6 © y53€C3 §1€
Vi

Fni

vbJ S,S3 C3

VDJ S“/S,{?» C.:,3 S,!l Cyl



AHTUTEHHA CTUMYJISIHIS B-JIIM®OILATIB OIJIBULIYE
EKCITPECIIO THAYUMBEJABHOI HIUTUANH-TE3AMIHA3ZU
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Cytidine Uridine

TA IHAYKYE€ TPAHCJIOKAILIIO ITPOTOOHKOI'EHA
C-MYC 3 8-i xpomocomu Ha 14-Ty !!!



NORMAL BURKITT
CHROMOSOMES LYMPHOMA

8 14 8 14

£
- E
AN -

M ch

oncogene

IG gene
ger Increased

MYC

oncogene




BCR (chromosome 22) ABL (chromosome 9)

b U

1, DNA breakage . DNA breakage
V' Translocation :‘Translocation

BCR-ABL (der chromosome 22)

— R LANbA <

VaVe \ NN BCR-ABL

fusion mRNA

210 kDa
L,\_/'\ BCR-ABL

fusion protein

Dimerization,
constitutive
kinase activity

v
v

Growth factor independent proliferation and survival
Normal differentiation




BUA I'EMOBJIACTO3Y

XAPAKTEPHI TEHETUYHI O3HAKHA

B-cell acute lymphoblastic
leukemia/lymphoma

Tpancnokams t(12;21) CBFa ta ETV6 (y
25% BHUMNAJIKIB)

T-cell acute lymphoblastic

Pi3H1 XpOMOCOMHI TpaHCJIOKaIlli,

leukemia/lymphoma comaruuHa pexkomOiHaiiss NOTCHI (50%
to 70%)
Burkitt lymphoma Tpancnokaris c-MYC ta lg-nokyca t(8;14)

Follicular lymphoma

t(14;18) 3 yrBopennsim BCL2-IgH fusion
gene

Mantle cell lymphoma

t(11;14) 3 yrBopenusm CyclinD1-IgH
fusion gene

Extranodal marginal zone
lymphoma

t(11;18), t(1;14) ta t(14;18) 3 yrBOpeHHIM
MALTI-IAP2, BCL10-IgH ta MALT1-IgH
fusion genes, B1AMOBIAHO
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Epigenetics:
Our experiences may
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JTHK-MeTus1yBaHHA — 1e
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METHJIYBAHHA JIHK

NH2 Y
N == CH3

Substrates Products J\ I
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Deoxycytidine 5-Methyl-cytidine
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S-adenosyl-L-methionine (SAM) S-adenosyl homocysteine (SAH)




+ Promotor region of a gene

T CpG not methylated T CpG methylated T CpG without information about methylation

CpG lIsland Single CpG's

Transcription Silencing



Chronic high-fat diet in fathers programs p-cell
dysfunction in female rat offspring

Sheau-Fang Ng', Ruby C. Y. Lin?, D. Ross Laybutt®, Romain Barres?, Julie A. Owens® & Margaret J. Morris'
21 OCTOBER 2010 | VOL 467 | NATURE | 963
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Methylation at cytosine (-960) of I113ra2 was reduced in HFD offspring
(8.9+£2.2%) compared to controls (33.6 = 4.0%, P,0.001).



DNA Methylation and Reparation
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Investigating the relationship of DNA methylation
with mutation rate and allele frequency in the
human genome

Junfeng Xia'', Leng Han'", Zhongming Zhao'#** BMC Genomics 2012, 13(Suppl 8):S7
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Figure 1 The mutation rates for all CpG sites, methylated CpG sites and unmethylated CpG sites. The methylated CpG sites are further
categorized into five groups according to their methylation levels. The X-axis includes CpG sites with different methylation levels (Total_CpG:
total CpG; mCpG: methylated CpG; H_mCpG: highly methylated CpG (> 80%); HI_mCpG: high-intermediately methylated CpG (60-80%); |_mCpG:
intermediately methylated CpG (40-60%); LI_mCpG: low-intermediately methylated CpG (20-40%); L_mCpG: lowly methylated CpG (= 20%);
unCpG: unmethlated CpG). The Y-axis is the mutation rate that was calculated as the SNP density at CpG sites.




CkauuBaro IECATKU, COTHU Thics4 noaumMoppuzMon C/T
u A/G 1 cMOTPIO Kakue OyKBBI CTOSAT A0 M MOCIIE.
BeposaTHOCTB TOro, 4To Tam OyET CTOSATh Ta WJIM MHAs

oykBa - 25%. Ho:

Ilepen C/T: ITocne C/T:
G 17% 36%
C 30% 22%
T 29% 19%
A 24% 23%




Ilepen A/G : Ilocne A/G :
G 19% 25%
C 34% 18%
T 22% 32%
A 25% 25%

A
571C G\T




SID-1 1s a dsRNA-selective
dsRNA-gated channel

Two dsRNA transporters enable environmental RNAi
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Table 3.

Some candldate genes and gene families that may contribute to phenotyplc differences between humans and apes®

for

Gene(s)

Gene product(s)

Unusual hominid or
human-specific features

Potentlal relevance to the human condition
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Individual genes
FOXP2

MYH16

CMAH

MCPH1

TTR

ST6GALT

EMR4

PCDH11Y

IL9R (V)

SYsL1

KRTHAP1

RIN

EIN

Putative transcription factor with
polyglutamine tract and forkhead

DNA binding domain

Myosin heavy chain 16

CMP-Neu5Ac hydroxylase

Monoamine oxidase A

Modulator of mitotic spindle in
neural progenitors?

Microcephalin
Transthyretin

Alpha 2-6 sialyltransferase

EGF-TM7 receptor family

Protocadherin XY

Interleukin-9 receptor

Sprouty 3

Synaptobrevin-like

Type 1 acidic hair keratin

Relaxin hormone

Tropoelastin

Two human-specific amino acid
changes

Human-specific 2-bp deletion
causing frameshift—predicted
76-kD unstable head domain

92-bp deletion of exon 6
causing frameshift and
inactive enzyme. Fixed in
modern humans

Human-specific nonconservative
change Glu151Lys in active
site

Accelerated evolution in ape
and human lineages

As above
Decreased expression in
humans in blood and brain

Apparent human-specific
up-regulation on epithelia

Human-specific deletion in
exon 8. Frameshift

Duplicated onto Y in
Yp11.2/Xq21.3
pseudoautosomal region only
in humans

As above

As above

As above

Human-specific single bp
substitution and termination
codon

Human-specific expression in
placenta and corpus luteum

2 exons deleted. Open reading
frame maintained

Mutant humans have motoric speech disorder
(developmental verbal dyspraxia). Region positively
selected and fixed in humans <200,000 years ago
(Enard et al. 2002b; Zhang et al. 2002)

Claimed to be cause of reduction in the type Il fibres
of human jaw muscle. (Stedman et al. 2004; Perry et
al. 2005)

Absence of sialic acid Neu5Gc. Change in resistance or
susceptibility to pathogens. Loss of ligand for some
Siglecs. Dated -2.5-3 Mya. Dietary Neu5Gc in meat
became foreign antigen (Chou et al. 1998, 2002;
Irie et al. 1998; Hayakawa et al. 2001)

Substitution affects protein dimerization according to a
3D structural model and predicts functional change
(Andres et al. 2004)

Deletions in ASPM lead to microcephaly. Presumed to
be related to increased brain size and/or other
features of human brain (Zhang 2003; Dorus et al.
2004; Evans et al. 2004; Kouprina et al. 2004b;
Mekel-Bobrov et al. 2005)

As above (Dorus et al. 2004; Evans et al. 2004, 2005)

May be related to altered thyroid hormone metabolism
in humans versus chimpanzees (Gagneux et al.
2001)

Can explain relative resistance of chimpanzees to
human influenza A virus. Other consequences
unknown. (Gagneux et al. 2003)

Predominantly expressed by immune system cells.
Functional significance unknown (Hamann et al
2003)

Expressed from Y and escapes X-inactivation? Y copy
has undergone structural changes. Selectively
expressed in brain. Probable adhesion molecule
Significance unknown, hypothesized to be involved
in brain development, lateralization and
schizophrenia risk (Ross et al. 2003; Blanco-Arias et
al. 2004)

Expressed from Y and escapes X-inactivation? Growth
factor for T cells, mast cells, and macrophages
Significance unknown. Related to asthma?
(Vermeesch et al. 1997)

Expressed from Y and escapes X-inactivation?
Cysteine-rich protein—Homolog of Drosophila
antagonist of FGF signaling that patterns apical
ainways branching. Significance unknown
(Vermeesch et al. 1997)

Inactive on Y chromosome? Significance unknown
(Vermeesch et al. 1997)

Different hair keratin expression pattern noted in the
hair follicle. Inactivated 0.25 Mya? Possibly related to
human:ape differences in hair (Winter et al. 2001)

Possibly related to differences in reproductive biology
(Evans et al. 1994)

Extracellular matrix component, including vascular
wall. Alteration in vascular wall structure? (Szabo et
al. 1999)




65% «aHTPONOIr€HHMUX) 3aMIH B TCHOMI

Human
Chimpanzee
Bonobo
Gorilla
Orangutan

Baboon
ig-tailed macaque
Rhesus monkey

e T<»C ta A<~QG
£ W ¢ ¢ ¢

‘CTTGGA‘GGRTAGATGG‘ACCTGA!CTTTAGGTTCTA‘GCTGGATGACTTACTTGCTGTGTGTCTCTAGGAA

CTTGGAGGATAGATCAACCTGA!CTTTAGATTCTAGCTGGATGACTTACTTGCTGTGTGTCTTTAGGCA

CTTGGA‘GGATAGATCAACCTGA%CTTTAGATTGTAGCTE_GATGACTTACTTGCTGTGTGTCTTTAGGCA
CTTGGAGGACAGATCAACCTGACTTTAGATTCTAGCTAGATGACTTACTTGCTGTGTGTCTTTAGGCA
CTTGGA‘GGAT‘AGATCAACCTG!A!TTTTGGATTCTAGCTAGATGACTTACTTGCTGCGTGTCTTTAGGCA
CTTGGAGGACAT GTCAACCTGAC--TGGATTCTAGECTAGATGAC----TTGETGTGTGTCTTTAGGCA
CTTGGAGGACATGTCAACCTGA‘C— -MGGATTCTAGCTAGATGAC----TTGECTGTGTGTCTTTAGGCA

CTTGGAGGACATGTCAACCTGAC——TGGATTCTAGCTAGATGAC————TTGCTGTGTGTCTTTAGGCA

IIpomoTtop aiHopdina: C-G,A-G, A-G, T-C, C-A (3 3 5-T 3amin)

KERATIN: C-T (CpG), AGT-AAC, C-T (3 3 3-x)

Testis-specific apoptosis related gene TTL.6: C-T, G-T, T-G, C-A, G-A, T-C, G-A,
A-T, A-G, T-A, C-T (6 3 11-Tn)

MAO: G451A (1 3 1-i)



e I have hitherto sometimes
spoken as if the VARIATIONS
-...-were due to chance. This, of
course is a wholly incorrect
expression, but it serves to
acknowledge plainly our

ignorance of the cause of each
particular VARIATION.

e Jlo cux mop s MHOTZA TaK
BbIpaXKayucs, OyAaTo
BAPUALIMUA — ... — ObLIH
00YCIIOBJICHBI CY4aliHOCTBIO.
DTO BBIpAXXCHHE, KOHEYHO,
COBEPIIECHHO HEBEPHO, HO OHO
IIOMOTAeT OCO3HATH HAIlle
HE3HAHUE IPUYHUHBI KAXKION
OTAEJIbHOW BapUallvu.




RNA Editing Underlies Temperature Adaptation in K" Channels from Polar
Octopuses

Sandra Garrett' and Joshua J.C. Rosenthal**

'Institute of Neurobiology, University of Puerto Rico-Medical Sciences Campus, San Juan 00901, Puerto Rico. *Department of
Biochemistry, University of Puerto Rico-Medical Sciences Campus, San Juan 00936, Puerto Rico.

Sciencexpress / www.sciencexpress.org / 5 January 2012 / Page | 26/science. 1212795
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RNA editing of glutamate receptor
subunit GluR-B
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RNA-templated DNA repair IWWI
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