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“Mutacao, Polimorfismo e Variacao"
O gue significam esses termos?

Mutacéo ? -7 mudanca no DNA gue causa doenca
|
Polimorfismo ? —> mudanca no DNA que nao causa doenca

' Sequéncia variante | |

| Alteragao Variacao

4
Patogénica ou nao

- ,

~ Alelo vamante B

VUS (Variants of Uncertain Significance)
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UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly
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Chl'1740,844,493-41,115,122 270,630 bp enter position, gene symbol or search terms ’ | go |
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Scale 188 kb} | ha19
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Fil ﬁl c| Gl A G T cl c| T| GI T| c| c| c| c| cl c| c| ﬁl Gl c| Hl T| |=1| T| T| ﬁ| c|
G T G T T T G G
c c c| T| T| cl Gl T| T| T| T| c| cl 0| c G| F1| 0| c| c| ﬁ| c| F1| cl T| c|
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Mutacoes Geénicas (introns e regioes codificadoras)

Exons = sequéncias codificantes

S
ATG stop _
CAT TATA A / \ ) Termlnadt{?
22l A WA V//////////////J_ [
promotor

N/

e : Introns = sequéncias intercalares e >




Codigo genético

T C A G
TTT Phe F TCT Ser TAT Tyr Y | TGT Cys C
TTC TCC TAC TGC
TTA  Leu L. | TCA TAA STOP TGA STOP
TTG TCG TAG TGG Trp W
CTT  Leu L CCT  Pro CAT His H | CGT Arg R
CTC CCC CAC CGC
CTA CCA CAA Gln Q | CGA
CTG CCG CAG CGG
ATT Ile | ACT  Thr AAT Asn N | AGT Ser S
ATC ACC AAC AGC
ATA ACA AAA Lys K | AGA  Arg R
ATG Met M | ACG AAG AGG
GTT Val V GCT  Ala GAT Asp D | GGT Gly G
GTC GCC GAC GGC
GTA GCA GAA Glu E | GGA
GTG GCG GAG GGG




AAA
AAG

AAC
AAU
CAA
CAG
CAC
CAU
GAA
GAG
GAC
GAU

UAC
UAU

AC
AC
AC
AC

CeOOoX»

222
34.9

22.6
16.6

111
33.6 —

142 |

9.3 —
2687
41.4_
29.0 7]
21.7

188
12,5

144 |
23.0
6.7

12.7

CC
CC
CC
CC

GC
GC
GC
GC

uc
uc
uc
uc

C Q0O O>XICHOHOXICOHO>»

AGC
AGU

146 |
20.0

6.6
15.5

140 |
29.1
7.2
19.6
9.3
17.7
42
13.2
18.7

94 _

Pro

Ala

AGA
AGG

CG
CG
CG
CG

GG
GG
GG
GG

COOOX|COa6»P

UGC
UGu
UGG

AUA
AUC
AUU
AUG

9.9
11.1
54
10.4
11.3
4.7 —

17.1
25.4
17.3
11.2 _|

Gly

145 |
9.9_|
13.8_] Trp

5.8
243 | lle
14.9
22.3_] Met

Cys

culc] 19.97]
culul 107
CUA| 82 |
culag| 425
UUA 53
UUG 11.0_
Uuc 226 Phe
Uy 158
GU|A 59 |
Gulc| 163 Val
cula| 309 | ®
Ggulul 10.4_|
Key:

N Nondegenerate site

N Twofold degenerate site

N| Fourfold degenerate site

Variacao Genética: Origem e deteccao



Mutacoes Genicas (Regioes codificadoras)

1) Ile Cys Ile Lys Ala Leu Val Leu Leu Thr
ATG TGT ATA AAG GCACTG GTC CTGTTAACA  (sinonima)

!

ATG TGT ATA AAG GCACTG GTA CTG TTAACA

2) Ille Cys 1Ile Lys Ala Leu Val Leu Leu Thr
ATG TGT ATA AAG GCA CTG GTC CTG TTAACA (nao sinonima ou rmissense)

|

ATG TGT ATAAAG GCACTGTTC  CTGTTAACA
Phe

3) Ille Cys Ile Lys Ala Leu Val Leu Leu Thr
ATG TGT ATA AAG GCACTG GTC CTG TTAACA (sem sentido ou nonsense)

'

ATG TGT ATA TAG GCACTGGTACTGTTAACA
Ter

4) lle Cys Ile Lys Ala Leu Val Leu Leu Thr
ATG TGT ATAAAG GCA CTG GTC CTG TTAACA (mudanca de fase ou frameshift)

T His Leu Ser Cys Ter
ATG TGTATAAAG CACTGG TCCTGT TAA ca



Mutacoes Nao-sinOnimas
Conservativa e nao-conservativa

Arommatic

Hydrophobic




451+1G>T Q254X
452 2A>G 874 875insG
a . e + e
+ o 2 o + e
L BE 0 1)
o + <+ <+ + o +°* o. eee e t+e
1 2 3 4 6

Mutacoes truncadas

® Nonsense
a Splice
+ Ins/deln

_|:|_

s nne . - g

oo o _I

1 Dominio pareado
[ Homeodominio

Mutacoes nao-truncadas

o Missense
+ In-frame deletion

3|
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QUADRO 13.2 Nomenclatura para descrever variantes de DNA e de aminoacidos

Cada polimorfismo de nucleotideo tinico (SNP, na sigla em inglés) presente
no banco de dados publico dbSNP (http://www.ncbi.nlm.nih.gov/projects/
SNP) pode ser referido por seu identificador Unico, como o rs212570,
em que rs se refere a “SNP referencia” (na sigla em inglés) e 212570 é
um numero serial Unico. Polimorfismos de repeticoes curtas em tandem
(STRPs, na sigla em inglés) possuem identificadores tais como D6S282,
em que D se refere a segmento de DNA, 6 é o nimero do cromossomo no
qual o marcador esta localizado, S significa mutagao de cépia Unica (do
inglés single copy sequence) e 282 é um nimero serial Unico.

Qualquer mudanga na sequéncia pode ser descrita utilizando-se as
convengoes definidas no endereco eletronico da Human Genome Varia-
tion Society, http://www.hgvs.org/mutnomen/. Os casos mais comuns sao
descritos a seguir.

Todas as variantes apresentam o prefixo g. (genoma), c¢. (cDNA), r.
(RNA) ou p. (proteina).

Substituicoes de nucleotideos

Para mudancas em um gene, o A do c6don iniciador ATG é numerado
como +1; a base imediatamente anterior a ele € —1. Nao existe zero. O
nimero do nucleotideo alterado € seguido da mudanca.

* g.1162G>A - no DNA gendmico, substituicao de uma guanina na
posi¢ao 1162 por uma adenina.

Para mudancgas nos introns, quando apenas a sequéncia do cDNA é
conhecida por completo, especifica-se o nimero do intron com IVS (do
inglés intervening sequence) ou o nimero do éxon mais proximo.

* g.621+1G>T ou IVS4+1G>T - substituicao de G por T na primeira
base do intron 4 (o nucleotideo 621 é a Ultima base do éxon 4).

Substituicoes de aminoacidos

Utiliza tanto codigos de uma letra (X indica um cédon de parada) como
codigos de trés letras. Proteinas s@do numeradas com o iniciador metio-
nina como codon 1.

¢ p.R117H ou Argl17His — substitui a arginina 117 por uma histidina.

o p.G542X ou Gly542Stop — substitui o cddon da glicina 542 por um
codon de parada.

Delecoes e insercoes

Utilize del para delecoes e ins para insergoes, precedido pela posi¢ao do
nucleotideo ou do intervalo (para mudangas no DNA) ou o simbolo do
aminoacido (codigo de uma letra; para trocas de aminoacidos).

o p.F508del - em uma proteina (p), delecao da fenilalanina (F) 508.

e €.6232_6236del ou c.6232_6236delATAAG - delecao de cinco nu-
cleotideos comegando pelo nucleotideo 6232 do cDNA. A identidade
dos nucleotideos deletados pode ser especificada.

» g.409_410insC - insere C entre os nucleotideos 409 e 410 do DNA
gendmico.

O programa, Mutalyzer, foi desenvolvido para garantir o nome correto
para qualquer variante de sequéncia que o usuario inserir; ver em http://
www.lovd.nl/mutalyzery/.
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HBB: hemoglobin, beta

NC_000011.9

4 5243301 ] 45246696 ]
NH _000518.4 ‘ =] —— — .n: 0005091 CCDE7753.1
B - coding reaion B - untranslated reaion
1 ggaacttgaatcaaggaaatgattttaaaacgcagtattcttagtggactagaggaaaaa 60

61 aataatctgagccaagtagaagaccttttcccctcctacccctactttctaagtcacaga 120
121 ggctttttgttcccccagacactcttgcagattagtccaggcagaaacagttagatgtcce 180
181 ccagttaacctcctatttgacaccactgattaccccattgatagtcacactttgggttgt 240
241 aagtgactttttatttatttgtatttttgactgcattaagaggtctctagttttttatct 300
301 cttgtttcccaaaacctaataagtaactaatgcacagagcacattgatttgtatttattc 360
361 tatttttagacataatttattagcatgcatgagcaaattaagaaaaacaacaacaaatga 420
421 atgcatatatatgtatatgtatgtgtgtatatatacacacatatatatatatattttttc 480
481 ttttcttaccagaaggttttaatccaaataaggagaagatatgcttagaaccgaggtaga 540
541 gttttcatccattctgtcctgtaagtattttgcatattctggagacgcaggaagagatcc 600
601 atctacatatcccaaagctgaattatggtagacaaaactcttccacttttagtgcatcaa 660
661 cttcttatttgtgtaataagaaaattgggaaaacgatcttcaatatgcttaccaagctgt 720
721 gattccaaatattacgtaaatacacttgcaaaggaggatgtttttagtagcaatttgtac 780
781 tgatggtatggggccaagagatatatcttagagggagggctgagggtttgaagtccaact 840
841 cctaagccagtgccagaagagccaaggacaggtacggctgtcatcacttagacctcaccc 900
901 tgtggagccacaccctagggttggccaatctactcccaggagcagggagggcaggageca 960
961 gggctgggcataaaagtcagggcagagccatctattgcttacatttgcttctgacacaac 1020
1 M vV H L T P E E K S

1021 tgtgttcactagcaacctcaaacagacaccATGGTGCATCTGACTCCTGAGGAGAAGTCT 1080
11 A VvV T A L W G K V N V D E V G G E A L G
1081 GCCGTTACTGCCCTGTGGGGCAAGGTGAACGTGGATGAAGTTGGTGGTGAGGCCCTGGGC 1140
31 R

1141 AGgttggtatcaaggttacaagacaggtttaaggagaccaatagaaactgggcatgtgga 1200
1201 gacagagaagactcttgggtttctgataggcactgactctctctgecctattggtctattt 1260
32 L L. vV Y P W T QR F F E S5 F G
1261 tcccacccttagGCTGCTGGTGGTCTACCCTTGGACCCAGAGGTTCTTTGAGTCCTTTGG 1320
48 D L S T P D A V M G NP KV K a2 H G K K
1321 GGATCTGTCCACTCCTGATGCTGTTATGGGCAACCCTAAGGTGAAGGCTCATGGCAAGAA 1380
68 vV L G A F § D GG L 2 H L D N1 K G T F 2a
1381 AGTGCTCGGTGCCTTTAGTGATGGCCTGGCTCACCTGGACAACCTCAAGGGCACCTTTGC 1440
88 T L S E L H C€C D K L H V D P E N F R

1441 CACACTGAGTGAGCTGCACTGTGACAAGCTGCACGTGGATCCTGAGAACTTCAGGgtgag 1500
1501 tctatgggacgcttgatgttttctttccccttcttttctatggttaagttcatgtcatag 1560
1561 gaaggggataagtaacagggtacagtttagaatgggaaacagacgaatgattgcatcagt 1620
1621 gtggaagtctcaggatcgttttagtttcttttatttgctgttcataacaattgttttctt 1680
1681 ttgtttaattcttgctttctttttttttcttctccgcaatttttactattatacttaatg 1740
1741 ccttaacattgtgtataacaaaaggaaatatctctgagatacattaagtaacttaaaaaa 1800
1801 aaactttacacagtctgcctagtacattactatttggaatatatgtgtgcttatttgecat 1860
1861 attcataatctccctactttattttcttttatttttaattgatacataatcattatacat 1920
1921 atttatgggttaaagtgtaatgttttaatatgtgtacacatattgaccaaatcagggtaa 1980
1981 ttttgcatttgtaattttaaaaaatgctttcttcttttaatatacttttttgtttatctt 2040
2041 atttctaatactttccctaatctctttctttcagggcaataatgatacaatgtatcatge 2100
2101 ctctttgcaccattctaaagaataacagtgataatttctgggttaaggcaatagcaatat 2160
2161 ctctgcatataaatatttctgcatataaattgtaactgatgtaagaggtttcatattget 2220
2221 aatagcagctacaatccagctaccattctgcttttattttatggttgggataaggctgga 2280
2281 ttattctgagtccaagctaggcccttttgctaatcatgttcatacctcttatcttecctec 2340
106 L L G N VL V C V L 2 HHU F G KE F T
2341 cacagCTCCTGGGCAACGTGCTGGTCTGTGTGCTGGCCCATCACTTTGGCAAAGAATTCA 2400
125 P P V. Q A A Y Q K V VvV A G V A N A L A H
2401 CCCCACCAGTGCAGGCTGCCTATCAGAAAGTGGTGGCTGGTGTGGCTAATGCCCTGGCCC 2460
145 K Y H *

2461 ACAAGTATCACTAAgctcgctttcttgctgtccaatttctattaaaggttecctttgttee 2520
2521 ctaagtccaactactaaactgggggatattatgaagggccttgagcatctggattctgec 2580
2581 taataaaaaacatttattttcattgcaatgatgtatttaaattatttctgaatattttac 2640
2641 taaaaagggaatgtgggaggtcagtgcatttaaaacataaagaaatgaagagctagttca 2700

Codon number in 3 globin gene Important
a"“ta”tl " 6 23 26 63 97 98 121 145 14. offectsin
emoglobin Glu Val Glu His Glu Val Glu Tyr His ¥
HbS Sickle cell anemia
HbE ' | Hemolytic anemia with
; : sickling phenomenon
Hb Freiburg Unstable hemoglobin
HbE Lys
Hb Zirich Arg Methemoglobin formation
Hb Saskatoon | Tyr L
Hb Malmo His Polycythemia
Hb KoéIn Methemoglobin formation
HbO (Arabia)
Hb Osler
A. Examples of point mutations in the 3-globin gene (10 of 310)
T C A G
T TTT Phe F TCT Ser S TAT Tyr Y TGT Cys C
TTC TCC TAC TGC
TTA Leu L TCA TAA STOP TGA STOP
TTG TCG TAG TGG Trp W
C CIT Leu L CCT Pro P CAT His H CGT Arg R
CTC CCC CAC CGC
CTA CCA CAA Gln Q CGA
CTG CCG CAG CGG
A ATT Ile I ACT Thr T AAT Asn N | AGT Ser S
ATC ACC AAC AGC
ATA ACA AAA Lys K | AGA Arg R
ATG Met M | ACG AAG AGG
G GTT Val \Y% GCT Ala A GAT Asp D | GGT Gly G
GTC GCC GAC GGC
GTA GCA GAA Glu E GGA
GTG GCG GAG GGG




VHL (von Hippel-Lindau tumor suppressor)

NC_000003.11

[10183319 p [10193762 p
Sk i 3°
NH_000551.2 [ # S NP 00054241 isoform 1
NH_1951564+1 [ S NP_937799.1 isoform 2
B - codinag resion B - untranslated resion

61

121
28
181
48
241
68
301
88
361
108
421
481
541
4561
4621
4681
115
4741
126
4801
146
4861
4921
4981
5041
7501
7561
7621
7681
7741
7801
7861
7921
156
7981
156
8041
176
8101
196
glel
8221
8281

gcgacagagtgagaccctgtctcaaaaaaaaaaaaaacaccaaaccttagaggggcgaaa
M P R R A E N
aaaaattttatagtggaaatacagtaacgagttggcecctagATGCCCCGCGAGGGCGGAGAA
W D E A E V G A E E A G V E E Y G P E E
CTGGCGACGAGGCCCAGGTAGCGCGCCGCAGCAGGCAGGCCETCCGAAGAGTACCGGCCCTGAAGA
D 6 G E E § G A EE S G P E E S G P E E
AGACGCGCGGCGGAGCAGTCGGGCGCCCAGCGAGTCCGGCCCGGAAGAGTCCEGLCCGGAGGA
L G A E E E M E A GR P R P VL R S V N
ACTGGGCGCCGAGCAGCGAGATCGACGCGCCCEEGCCEECCECGGCCCGTELCTCCGLCTCGGTCAA
S R E P § Q VI F C N R S P RV VL P V
CTCGCGCGAGCCCTCCCAGGTCATCTTCTCCAATCGCAGTCCGCGCGTCETGCTGCCCET
W L N F D G E P Q P Y P T L P P G T G R
ATGGCTCAACTTCCACGCCGAGCCGCAGCCCTACCCAACGCTGCCGLCTGGLCACGGELLG
R I H 8§ ¥ R G
CCGCATCCACAGCTACCGAGgtacgggcccggegecttaggeccgacccagcagggacgat
agcacggtctgaagcccctctaccgeccccggggtccattttgcagacggggaactgagge
cccttgaggcaggacacatccagggtgacgctgectcgtaagecgtcagagecattetttttt
ggactacaggcgctcgccaccacacctggctaatttttttgtatttttagtagagacgag
gtttcaccacgttagccaggacggtcttgatctcctgacctcatgatccgectgectegg
cctcccaaagtgectgggattacaggtgtgggccaccgtgeccagecaccggtgtggetet
H L W L F R D A G T H
ttaacaacctttgcttgtcccgatagGTCACCTTTGCCTCTTCAGAGATCCAGGGACACA
D & L L V N Q T E UL P V P 8 L NV D G ©Q
CCGATGCGGCTTCTGCTTAACCAAACTCAATTATTTGTCCCATCTCTCAATCTTGACGGACA
P I F A N I T L P V
GCCTATTTTTGCCAATATCACACTGCCAGgtactgacgttttactttttaaaaagataag
gttgttgtggtaagtacaggatagaccacttgaaaaattaagcccagttctcaatttttg
cctgatgtcaggcacgttatccaatctttttgtatcctattctctaccataaataaaatg
gaagtgatgtatttgtacgttatgtgttaaaggtgttatggtgtctcaaaagcactttgg
gaccacaggcatgtgccaccatgcctggctaattttttgtgtattttgtagagacggggt
ttcgccatgttgeccaggectggtctecgaactecctgagectcaggecgatctactgacgttgge
ctcccaaagtgttgggatcacaggcatgaaccaccatgcctggeccagggectgttectet
ttatgtggtctctctagcagggtagctcagggctttcaaaagtataaaagcagaagtcag
caggcctttttaaggcttcggectagaattgeccagtgtcgettcatccacattcagttag
ttaaagcaatcacaagcccagcccatttcaaggtgaaattactacagaggcatgaacacce
atgaggtgtccatagggggccatcagcataacacactgccacatacatgcactcactttt
tttctttaacctaaagtgagatccatcagtagtacaggtagttgttggcaaagectcttg

ttcgttccttgtactgagaccctagtctgeccactgaggatttggtttttgeccttecagT
Y T L K E R C L Q V V R 8§ L V K P E N Y
GTATACTCTGAAACAGCCATGCCTCCAGGTTGTCCGGAGCCTAGTCAAGCCTGAGAATTA
R R L D I V R S L Y E DL E D H P N V OQ
CAGGAGACTCGGACATCGTCAGGCTCGCTCTACGAAGATCTGGAAGACCACCCAAATGTCGCA
K DL E RL T QERTIAHUGQIRMMTGD =
GAAAGACCTGGAGCGGCTGACACAGCGAGCGCATTGCACATCAACGCGATCCGGACGATTCGAaA
aaaaaaaaaaaaaaaaaaaatcaggccgggcatggtggctcacgcctgtaatcccagecac

tttgggaggtcgaggtgggcagatcacctgaggtcagg

B AT CEERIEEEIT G CAATCGECAGTECCGCGC
80 90

CTGCAATCGCAGTCCGCGC

(Al o

Figura 24. Delecao do codon 76 do éxon 1 (c.226_228delTTC). A) Sequéncia
gerada do produto do PCR do exon 1 tipico de mutagao do tipo frameshift. B)
Sequéncia do clone normal. C) Sequéncia do clone mutado.




4165555253 ]

NC_000003,11

4165490692 ]
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NH_000055.2 . L

B - coding region

B - untranslated region

4 NP_000046+1 precursor

61

121

181
48
241
68
301

361
108
421
128
481
148

168
601
188
661

catgaatcctgtaatacttctgtaaatgaatcactattgcatttataccattagectctyg
M H S K VvV T I
aacagatttcaagttgctgctgccaactctcgecgagect ttATGCATAGCAAAGTCACAAT
I ¢ I R FL P WPFULULULUCMMULTIGI K S H
CATATGCATCAGATTTCTCTTTTGECTTTCTTTTGCTCTGCATGCTTATTGGGAAGTCACA
T E DD I I I AT KNUGI KUV RGMNDULT
TACTGAAGATGACATCATAATTGCAACAAAGAATGGAAAAGTCAGAGGCGATGAACTTGAC
vV F 6 G TV TAVFL GI P Y A QP UPL G
AGTTTTTGGTGGCACGCTAACAGCCTTTCTTGCGAATTCCCTATGCACAGCCACCTCTTGG
R L R F K K P Q S L T KW S D I WNA AT
TAGACTTCGATTCAAAAAGCCACAGTCTCTGACCAAGTGGTCTGATATTTGGAATGCCAC
K ¥ A N 8 C C Q0 N I DQ S P P G F H G s
ARAATATGCAAATTCTTGCTGTCAGAACATAGATCAAAGTTTTCCAGGCTTCCATGGATC
E M W N PN TDUL S E D CUL Y L NV W I
AGAGATGTGGAACCCAAACACTGACCTCAGTGAAGACTGTTTATATCTAAATGTATGGAT
P A P K P K NA TV L I WI VY G GGG P Q
TCCAGCACCTAAACCAAAAAATGCCACTGTATTGATATGGATTTATGGTGGTGGTTTTCA
T ¢ T 8§ §$ L HV Y D G K F L A RV E R V
AACTGGAACATCATCTTTACATGTTTATGATGGCAAGTTTCTGGCTCGCGGTTGAAAGAGT
I VvV s M NY RV GG AL GPFPF L AL P G N
TATTGTAGTGTCAATGAACTATAGCCTGGCTGCCCTAGGATTCTTAGCTTTGCCAGCGAAA
P E A P G N M GL F DOQOULATLUGOQWUVQOQ
TCCTGAGGCTCCAGGGAACATCGGGTTTATTTGATCAACAGTTGGCTCTTCAGTGGGTTCA
K N I A A F GG NP K SV TL F G E S A
AAAAAATATAGCAGCCTTTGCTGGAAATCCTAAAAGTGTAACTCTCTTTGGAGAAAGTGC
G A A S V § L HL L 8§ P G S H S L F TR
AGGAGCAGCTTCAGTTAGCCTGCATTTGCTTTCTCCTGGAAGCCATTCATTGTTCACCAG
A I L S G S F N A P WAV T S L Y E A
AGCCATTCTGCAAAGTGGATCCTTTAATGCTCCTTGGCGCGCGTAACATCTCTTTATGAAGC
R N R TL NULAI KULTGC S R ENETE
TAGGAACAGAACGTTGAACTTAGCTAARATTGACTGGTTGCTCTAGAGAGAATGAGACTGA
I I K C L RNJIKDUPOQETIULULNEH APV
AATAATCAAGTGTCTTAGAAATAAAGATCCCCAAGAAATTCTTCTGAATGAAGCATTTGT
v P Y G TP L S V NP G P TV D G D P L
TGTCCCCTATGGGACTCCTTTGTCAGTAAACTTTGGTCCGACCGTGGATGGTGATTTTCT
T DM P D I L L EL GOQVF KIKTOQTIULUV
CACTGACATGCCAGACATATTACTTGAACTTGGACAATTTAAAAAAACCCAGATTTTGGT
G V N K D E G T A PF L V ¥ G A P G F S K
GGGTGTTAATAAAGATGAAGGGACAGCTTTTTTAGTCTATGGTGCTCCTGGCTTCAGCAA
D NN S I I TRIKEPFPFQEGULI KTIUZ PP P
AGATAACAATAGTATCATAACTAGAAAAGAATTTCAGCGAAGCTTTAAAAATATTTTTTCC
G V S E F G K E 8§ I L F H Y T DWWV DD
AGGAGTGAGTGAGTTTGGAAAGGAATCCATCCTTTTTCATTACACAGACTGGGTAGATGA
Q R P E N Y R EALGDWVV G D Y N F I
TCAGAGACCTGAAAACTACCGTGAGGCCTTGGCTGATCTTCTTGCGCGGATTATAATTTCAT
cC P AL E F T K K PF S E WG NN AUPFP F Y
ATGCCCTGCCTTGGAGTTCACCAAGAAGTTCTCAGAATGGGCGAAATAATGCCTTTTTCTA
Y FP E HR 8 S KL P W P E W MGV M H G
CTATTTTGAACACCGATCCTCCAAACTTCCGTGGCCAGAATCGGATCGGGAGTGATGCATGG
Y E I BE F V P G L P L E RRDNY T K A
CTATGAAATTGAATTTGTCTTTGGTTTACCTCTGGAAAGAAGAGATAATTACACAAAAGC
E E I L 8 R S I V K R W A NP A K Y G
CGAGGAAATTTTGAGTAGATCCATACGTGAAACGGTGCGCCAARATTTTGCAAAATATGCGgta
agtgctgatttttgtcattgttctctggecttggtttgatececgttttgettagetttgett
ggtctctggggtagactttagtataaagacacagaaatgttttaattatttgttctattt
atatccacattttttctgtcttaaattctttaaagectecttgtgaacagtgttagaaaaca
atattctttttaatctaacaatgatttcaattttactataatgtctctattttattattt
N P N E T Q N N S T 8§ W P V F K S T E
agGAATCCAAATGAGACTCAGAACAATAGCACAAGCTGGCCTGTCTTCAAAAGCACTGAA
Q K ¥ L T L N T E S T R I M T KULRAQ
CAAAAATATCTAACCTTGAATACAGAGTCAACAAGAATAATGACGARACTACGTGCTCAA
Q C R F W TS F F P KV L EMTG
CAATGTCGATTCTGGACATCATTTTTTCCAAAAGTCTTGGAAATCGACAGgtgtgtctgtt
tttagtgtttggttatttaatagatgatgggttatgtaaaaaagggatgaagtatactct
gagctaataacaaataataaagaataaataaagaaaataatgctgtactgtgtagttaga
gaaaatggcttttgtattcgaaattatttttcagttaatgaaacagataaaaattttgat
N I D E A E W E W K A
taatacaacttattccatattttacagGAAATATTGATGAAGCAGAATCGGAGTGGAAAG
G F H R W NNUYMMUDW K NOQPFPF ND Y T
CAGGATTCCATCGCTGGAACAATTACATGATGGACTGGAAAAATCAATTTAACGATTACA
S K K E s C V 6 L =
CTAGCAAGAAAGARAGTTGTCTGGCTCTCTAACcattggtctectttgttttttatataaag
gcaagaaagaatcttaaaatgagaggctcagccactttaaaacaccttataatagaaaca
gaatgctgctac

BCHE (butyrylcholinesterase)

I-1

II-1

-4

II-5

GAT->GGT (Asp70Gly)

Exon 2

L 1+Il AL
GAACATAG CAAAGTTTTCC G
210 220

1--!11+-~1.|Illllllll lg

GAACATAGNF CAAAGTTT

210 220
|11||III lllllllllllllll
GAACAT CAAAGTTTTCCAGG

20 240
1--HHHHE Illllllllll-lll
GAACATAG[ET CAAAGTTTTCCAGG
200 210 220
FHEE e HE LY
GAACATAGMF CAAAGTTTTCCAGG

GCA->ACA (Ala539Thr)

Exon 4

T R
T G A ANICA G A

T -

: FH@

1 aAkvu

2 AU

.

1 AKAK 2 AK/AK 3 AKU

4






Tipos de Cromossopatias

Numericas

Estruturais

1

Aneuploidias

Conjunto de cromossomos incompletos
2n+1,2n-1, etc.

Euploidias
Conjunto de cromossomos completos
3n, 4n, etc.

Monossomias

Trissomias

Poliploidias

Sindrome de Turner

Sindrome de Down

Sindrome de Edwards
Sindrome de Patau
Sindrome de Klinefelter

Delecao

Inversao

Translocagao reciproca
Translocacao robertsoniana

Instabilidade cromossomica

Sindrome de Cri Du Chat (sindrome do Miado do Gato)

L eucemia Mieloide Cronica

Leucemia Promielocitica

Sindrome do X-fragil
Ataxia-telengenciana

Sindrome do X-fragil




L ]
Purinas NH, o
. ,C' . _N c._. N
7\ 1 /7 7\
N e\ HN c” \
| ll CH (|: Il /CH'
HC C
, - v 4
TONTTNNA HN N7 ONH
Adenine (A) Guanine (G)
L ] L ° L ]
NH
Pirimidinas * 0 °
. ,C - c_ . CH; . C,
S 3/ N8/ 3N 5
Y sl vl
[
C CH c CH C CH
2 / ) / & 2 /U
o7 “NH 07" “Nn 0”7 “NH
Cytosine (C) Thymine (T) Uracil (U)

Variacao Genética: Origem e deteccao




Transicao Transversao

cl

Adenine Transversions

P

Cytosine

Transitions
SuonISuel],

Transversions © A
\ [/ ¢
C e C
/ \
Howe N CmmH
1’ .
C N1
/ \
Guanine (o} 1t
Thymine

Variacao Genética: Origem e deteccao



NH,
(!
—  wo
O
O
\<0
cytosine
NH,
=N
T o
O
O

\<O

5-methylcytosine

deamination
E—

DNA repair

B SE—

UDG

deamination
=

not repaired
-

\<O

thymine

Variacao Genética: Origem e deteccao



Mutacoes Geénicas (introns e regioes codificadoras)

Exons = sequéncias codificantes

S
ATG stop _
CAT TATA A / \ ) Termlnadt{?
22l A WA V//////////////J_ [
promotor

N/

e : Introns = sequéncias intercalares e >




Codigo genético

T C A G
TTT Phe F TCT Ser TAT Tyr Y | TGT Cys C
TTC TCC TAC TGC
TTA  Leu L. | TCA TAA STOP TGA STOP
TTG TCG TAG TGG Trp W
CTT  Leu L CCT  Pro CAT His H | CGT Arg R
CTC CCC CAC CGC
CTA CCA CAA Gln Q | CGA
CTG CCG CAG CGG
ATT Ile | ACT  Thr AAT Asn N | AGT Ser S
ATC ACC AAC AGC
ATA ACA AAA Lys K | AGA  Arg R
ATG Met M | ACG AAG AGG
GTT Val V GCT  Ala GAT Asp D | GGT Gly G
GTC GCC GAC GGC
GTA GCA GAA Glu E | GGA
GTG GCG GAG GGG




AAA
AAG

AAC
AAU
CAA
CAG
CAC
CAU
GAA
GAG
GAC
GAU

UAC
UAU

AC
AC
AC
AC

CeOOoX»

222
34.9

22.6
16.6

111
33.6 —

142 |

9.3 —
2687
41.4_
29.0 7]
21.7

188
12,5

144 |
23.0
6.7

12.7

CC
CC
CC
CC

GC
GC
GC
GC

uc
uc
uc
uc

C Q0O O>XICHOHOXICOHO>»

AGC
AGU

146 |
20.0

6.6
15.5

140 |
29.1
7.2
19.6
9.3
17.7
42
13.2
18.7

94 _

Pro

Ala

AGA
AGG

CG
CG
CG
CG

GG
GG
GG
GG

COOOX|COa6»P

UGC
UGu
UGG

AUA
AUC
AUU
AUG

9.9
11.1
54
10.4
11.3
4.7 —

17.1
25.4
17.3
11.2 _|

Gly

145 |
9.9_|
13.8_] Trp

5.8
243 | lle
14.9
22.3_] Met

Cys

culc] 19.97]
culul 107
CUA| 82 |
culag| 425
UUA 53
UUG 11.0_
Uuc 226 Phe
Uy 158
GU|A 59 |
Gulc| 163 Val
cula| 309 | ®
Ggulul 10.4_|
Key:

N Nondegenerate site

N Twofold degenerate site

N| Fourfold degenerate site

Variacao Genética: Origem e deteccao



Mutacoes Genicas (Regioes codificadoras)

1) Ile Cys Ile Lys Ala Leu Val Leu Leu Thr
ATG TGT ATA AAG GCACTG GTC CTGTTAACA  (sinonima)

!

ATG TGT ATA AAG GCACTG GTA CTG TTAACA

2) Ille Cys 1Ile Lys Ala Leu Val Leu Leu Thr
ATG TGT ATA AAG GCA CTG GTC CTG TTAACA (nao sinonima ou rmissense)

|

ATG TGT ATAAAG GCACTGTTC  CTGTTAACA
Phe

3) Ille Cys Ile Lys Ala Leu Val Leu Leu Thr
ATG TGT ATA AAG GCACTG GTC CTG TTAACA (sem sentido ou nonsense)

'

ATG TGT ATA TAG GCACTGGTACTGTTAACA
Ter

4) lle Cys Ile Lys Ala Leu Val Leu Leu Thr
ATG TGT ATAAAG GCA CTG GTC CTG TTAACA (mudanca de fase ou frameshift)

T His Leu Ser Cys Ter
ATG TGTATAAAG CACTGG TCCTGT TAA ca



Mutacoes Nao-sinOnimas
Conservativa e nao-conservativa

Arommatic

Hydrophobic




451+1G>T Q254X
452 2A>G 874 875insG
a . e + e
+ o 2 o + e
L BE 0 1)
o + <+ <+ + o +°* o. eee e t+e
1 2 3 4 6

Mutacoes truncadas

® Nonsense
a Splice
+ Ins/deln

_|:|_

s nne . - g

oo o _I

1 Dominio pareado
[ Homeodominio

Mutacoes nao-truncadas

o Missense
+ In-frame deletion

3|



HBB: hemoglobin, beta

NC_000011.9

4 5243301 ] 45246696 ]
NH _000518.4 ‘ =] —— — .n: 0005091 CCDE7753.1
B - coding reaion B - untranslated reaion
1 ggaacttgaatcaaggaaatgattttaaaacgcagtattcttagtggactagaggaaaaa 60

61 aataatctgagccaagtagaagaccttttcccctcctacccctactttctaagtcacaga 120
121 ggctttttgttcccccagacactcttgcagattagtccaggcagaaacagttagatgtcce 180
181 ccagttaacctcctatttgacaccactgattaccccattgatagtcacactttgggttgt 240
241 aagtgactttttatttatttgtatttttgactgcattaagaggtctctagttttttatct 300
301 cttgtttcccaaaacctaataagtaactaatgcacagagcacattgatttgtatttattc 360
361 tatttttagacataatttattagcatgcatgagcaaattaagaaaaacaacaacaaatga 420
421 atgcatatatatgtatatgtatgtgtgtatatatacacacatatatatatatattttttc 480
481 ttttcttaccagaaggttttaatccaaataaggagaagatatgcttagaaccgaggtaga 540
541 gttttcatccattctgtcctgtaagtattttgcatattctggagacgcaggaagagatcc 600
601 atctacatatcccaaagctgaattatggtagacaaaactcttccacttttagtgcatcaa 660
661 cttcttatttgtgtaataagaaaattgggaaaacgatcttcaatatgcttaccaagctgt 720
721 gattccaaatattacgtaaatacacttgcaaaggaggatgtttttagtagcaatttgtac 780
781 tgatggtatggggccaagagatatatcttagagggagggctgagggtttgaagtccaact 840
841 cctaagccagtgccagaagagccaaggacaggtacggctgtcatcacttagacctcaccc 900
901 tgtggagccacaccctagggttggccaatctactcccaggagcagggagggcaggageca 960
961 gggctgggcataaaagtcagggcagagccatctattgcttacatttgcttctgacacaac 1020
1 M vV H L T P E E K S

1021 tgtgttcactagcaacctcaaacagacaccATGGTGCATCTGACTCCTGAGGAGAAGTCT 1080
11 A VvV T A L W G K V N V D E V G G E A L G
1081 GCCGTTACTGCCCTGTGGGGCAAGGTGAACGTGGATGAAGTTGGTGGTGAGGCCCTGGGC 1140
31 R

1141 AGgttggtatcaaggttacaagacaggtttaaggagaccaatagaaactgggcatgtgga 1200
1201 gacagagaagactcttgggtttctgataggcactgactctctctgecctattggtctattt 1260
32 L L. vV Y P W T QR F F E S5 F G
1261 tcccacccttagGCTGCTGGTGGTCTACCCTTGGACCCAGAGGTTCTTTGAGTCCTTTGG 1320
48 D L S T P D A V M G NP KV K a2 H G K K
1321 GGATCTGTCCACTCCTGATGCTGTTATGGGCAACCCTAAGGTGAAGGCTCATGGCAAGAA 1380
68 vV L G A F § D GG L 2 H L D N1 K G T F 2a
1381 AGTGCTCGGTGCCTTTAGTGATGGCCTGGCTCACCTGGACAACCTCAAGGGCACCTTTGC 1440
88 T L S E L H C€C D K L H V D P E N F R

1441 CACACTGAGTGAGCTGCACTGTGACAAGCTGCACGTGGATCCTGAGAACTTCAGGgtgag 1500
1501 tctatgggacgcttgatgttttctttccccttcttttctatggttaagttcatgtcatag 1560
1561 gaaggggataagtaacagggtacagtttagaatgggaaacagacgaatgattgcatcagt 1620
1621 gtggaagtctcaggatcgttttagtttcttttatttgctgttcataacaattgttttctt 1680
1681 ttgtttaattcttgctttctttttttttcttctccgcaatttttactattatacttaatg 1740
1741 ccttaacattgtgtataacaaaaggaaatatctctgagatacattaagtaacttaaaaaa 1800
1801 aaactttacacagtctgcctagtacattactatttggaatatatgtgtgcttatttgecat 1860
1861 attcataatctccctactttattttcttttatttttaattgatacataatcattatacat 1920
1921 atttatgggttaaagtgtaatgttttaatatgtgtacacatattgaccaaatcagggtaa 1980
1981 ttttgcatttgtaattttaaaaaatgctttcttcttttaatatacttttttgtttatctt 2040
2041 atttctaatactttccctaatctctttctttcagggcaataatgatacaatgtatcatge 2100
2101 ctctttgcaccattctaaagaataacagtgataatttctgggttaaggcaatagcaatat 2160
2161 ctctgcatataaatatttctgcatataaattgtaactgatgtaagaggtttcatattget 2220
2221 aatagcagctacaatccagctaccattctgcttttattttatggttgggataaggctgga 2280
2281 ttattctgagtccaagctaggcccttttgctaatcatgttcatacctcttatcttecctec 2340
106 L L G N VL V C V L 2 HHU F G KE F T
2341 cacagCTCCTGGGCAACGTGCTGGTCTGTGTGCTGGCCCATCACTTTGGCAAAGAATTCA 2400
125 P P V. Q A A Y Q K V VvV A G V A N A L A H
2401 CCCCACCAGTGCAGGCTGCCTATCAGAAAGTGGTGGCTGGTGTGGCTAATGCCCTGGCCC 2460
145 K Y H *

2461 ACAAGTATCACTAAgctcgctttcttgctgtccaatttctattaaaggttecctttgttee 2520
2521 ctaagtccaactactaaactgggggatattatgaagggccttgagcatctggattctgec 2580
2581 taataaaaaacatttattttcattgcaatgatgtatttaaattatttctgaatattttac 2640
2641 taaaaagggaatgtgggaggtcagtgcatttaaaacataaagaaatgaagagctagttca 2700

Codon number in 3 globin gene Important
a"“ta”tl " 6 23 26 63 97 98 121 145 14. offectsin
emoglobin Glu Val Glu His Glu Val Glu Tyr His ¥
HbS Sickle cell anemia
HbE ' | Hemolytic anemia with
; : sickling phenomenon
Hb Freiburg Unstable hemoglobin
HbE Lys
Hb Zirich Arg Methemoglobin formation
Hb Saskatoon | Tyr L
Hb Malmo His Polycythemia
Hb KoéIn Methemoglobin formation
HbO (Arabia)
Hb Osler
A. Examples of point mutations in the 3-globin gene (10 of 310)
T C A G
T TTT Phe F TCT Ser S TAT Tyr Y TGT Cys C
TTC TCC TAC TGC
TTA Leu L TCA TAA STOP TGA STOP
TTG TCG TAG TGG Trp W
C CIT Leu L CCT Pro P CAT His H CGT Arg R
CTC CCC CAC CGC
CTA CCA CAA Gln Q CGA
CTG CCG CAG CGG
A ATT Ile I ACT Thr T AAT Asn N | AGT Ser S
ATC ACC AAC AGC
ATA ACA AAA Lys K | AGA Arg R
ATG Met M | ACG AAG AGG
G GTT Val \Y% GCT Ala A GAT Asp D | GGT Gly G
GTC GCC GAC GGC
GTA GCA GAA Glu E GGA
GTG GCG GAG GGG




VHL (von Hippel-Lindau tumor suppressor)

NC_000003.11

[10183319 p [10193762 p
Sk i 3°
NH_000551.2 [ # S NP 00054241 isoform 1
NH_1951564+1 [ S NP_937799.1 isoform 2
B - codinag resion B - untranslated resion

61

121
28
181
48
241
68
301
88
361
108
421
481
541
4561
4621
4681
115
4741
126
4801
146
4861
4921
4981
5041
7501
7561
7621
7681
7741
7801
7861
7921
156
7981
156
8041
176
8101
196
glel
8221
8281

gcgacagagtgagaccctgtctcaaaaaaaaaaaaaacaccaaaccttagaggggcgaaa
M P R R A E N
aaaaattttatagtggaaatacagtaacgagttggcecctagATGCCCCGCGAGGGCGGAGAA
W D E A E V G A E E A G V E E Y G P E E
CTGGCGACGAGGCCCAGGTAGCGCGCCGCAGCAGGCAGGCCETCCGAAGAGTACCGGCCCTGAAGA
D 6 G E E § G A EE S G P E E S G P E E
AGACGCGCGGCGGAGCAGTCGGGCGCCCAGCGAGTCCGGCCCGGAAGAGTCCEGLCCGGAGGA
L G A E E E M E A GR P R P VL R S V N
ACTGGGCGCCGAGCAGCGAGATCGACGCGCCCEEGCCEECCECGGCCCGTELCTCCGLCTCGGTCAA
S R E P § Q VI F C N R S P RV VL P V
CTCGCGCGAGCCCTCCCAGGTCATCTTCTCCAATCGCAGTCCGCGCGTCETGCTGCCCET
W L N F D G E P Q P Y P T L P P G T G R
ATGGCTCAACTTCCACGCCGAGCCGCAGCCCTACCCAACGCTGCCGLCTGGLCACGGELLG
R I H 8§ ¥ R G
CCGCATCCACAGCTACCGAGgtacgggcccggegecttaggeccgacccagcagggacgat
agcacggtctgaagcccctctaccgeccccggggtccattttgcagacggggaactgagge
cccttgaggcaggacacatccagggtgacgctgectcgtaagecgtcagagecattetttttt
ggactacaggcgctcgccaccacacctggctaatttttttgtatttttagtagagacgag
gtttcaccacgttagccaggacggtcttgatctcctgacctcatgatccgectgectegg
cctcccaaagtgectgggattacaggtgtgggccaccgtgeccagecaccggtgtggetet
H L W L F R D A G T H
ttaacaacctttgcttgtcccgatagGTCACCTTTGCCTCTTCAGAGATCCAGGGACACA
D & L L V N Q T E UL P V P 8 L NV D G ©Q
CCGATGCGGCTTCTGCTTAACCAAACTCAATTATTTGTCCCATCTCTCAATCTTGACGGACA
P I F A N I T L P V
GCCTATTTTTGCCAATATCACACTGCCAGgtactgacgttttactttttaaaaagataag
gttgttgtggtaagtacaggatagaccacttgaaaaattaagcccagttctcaatttttg
cctgatgtcaggcacgttatccaatctttttgtatcctattctctaccataaataaaatg
gaagtgatgtatttgtacgttatgtgttaaaggtgttatggtgtctcaaaagcactttgg
gaccacaggcatgtgccaccatgcctggctaattttttgtgtattttgtagagacggggt
ttcgccatgttgeccaggectggtctecgaactecctgagectcaggecgatctactgacgttgge
ctcccaaagtgttgggatcacaggcatgaaccaccatgcctggeccagggectgttectet
ttatgtggtctctctagcagggtagctcagggctttcaaaagtataaaagcagaagtcag
caggcctttttaaggcttcggectagaattgeccagtgtcgettcatccacattcagttag
ttaaagcaatcacaagcccagcccatttcaaggtgaaattactacagaggcatgaacacce
atgaggtgtccatagggggccatcagcataacacactgccacatacatgcactcactttt
tttctttaacctaaagtgagatccatcagtagtacaggtagttgttggcaaagectcttg

ttcgttccttgtactgagaccctagtctgeccactgaggatttggtttttgeccttecagT
Y T L K E R C L Q V V R 8§ L V K P E N Y
GTATACTCTGAAACAGCCATGCCTCCAGGTTGTCCGGAGCCTAGTCAAGCCTGAGAATTA
R R L D I V R S L Y E DL E D H P N V OQ
CAGGAGACTCGGACATCGTCAGGCTCGCTCTACGAAGATCTGGAAGACCACCCAAATGTCGCA
K DL E RL T QERTIAHUGQIRMMTGD =
GAAAGACCTGGAGCGGCTGACACAGCGAGCGCATTGCACATCAACGCGATCCGGACGATTCGAaA
aaaaaaaaaaaaaaaaaaaatcaggccgggcatggtggctcacgcctgtaatcccagecac

tttgggaggtcgaggtgggcagatcacctgaggtcagg

B AT CEERIEEEIT G CAATCGECAGTECCGCGC
80 90

CTGCAATCGCAGTCCGCGC

(Al o

Figura 24. Delecao do codon 76 do éxon 1 (c.226_228delTTC). A) Sequéncia
gerada do produto do PCR do exon 1 tipico de mutagao do tipo frameshift. B)
Sequéncia do clone normal. C) Sequéncia do clone mutado.




4165555253 ]

NC_000003,11

4165490692 ]

S5t

4 3°

NH_000055.2 . L

B - coding region

B - untranslated region

4 NP_000046+1 precursor

61

121

181
48
241
68
301

361
108
421
128
481
148

168
601
188
661

catgaatcctgtaatacttctgtaaatgaatcactattgcatttataccattagectctyg
M H S K VvV T I
aacagatttcaagttgctgctgccaactctcgecgagect ttATGCATAGCAAAGTCACAAT
I ¢ I R FL P WPFULULULUCMMULTIGI K S H
CATATGCATCAGATTTCTCTTTTGECTTTCTTTTGCTCTGCATGCTTATTGGGAAGTCACA
T E DD I I I AT KNUGI KUV RGMNDULT
TACTGAAGATGACATCATAATTGCAACAAAGAATGGAAAAGTCAGAGGCGATGAACTTGAC
vV F 6 G TV TAVFL GI P Y A QP UPL G
AGTTTTTGGTGGCACGCTAACAGCCTTTCTTGCGAATTCCCTATGCACAGCCACCTCTTGG
R L R F K K P Q S L T KW S D I WNA AT
TAGACTTCGATTCAAAAAGCCACAGTCTCTGACCAAGTGGTCTGATATTTGGAATGCCAC
K ¥ A N 8 C C Q0 N I DQ S P P G F H G s
ARAATATGCAAATTCTTGCTGTCAGAACATAGATCAAAGTTTTCCAGGCTTCCATGGATC
E M W N PN TDUL S E D CUL Y L NV W I
AGAGATGTGGAACCCAAACACTGACCTCAGTGAAGACTGTTTATATCTAAATGTATGGAT
P A P K P K NA TV L I WI VY G GGG P Q
TCCAGCACCTAAACCAAAAAATGCCACTGTATTGATATGGATTTATGGTGGTGGTTTTCA
T ¢ T 8§ §$ L HV Y D G K F L A RV E R V
AACTGGAACATCATCTTTACATGTTTATGATGGCAAGTTTCTGGCTCGCGGTTGAAAGAGT
I VvV s M NY RV GG AL GPFPF L AL P G N
TATTGTAGTGTCAATGAACTATAGCCTGGCTGCCCTAGGATTCTTAGCTTTGCCAGCGAAA
P E A P G N M GL F DOQOULATLUGOQWUVQOQ
TCCTGAGGCTCCAGGGAACATCGGGTTTATTTGATCAACAGTTGGCTCTTCAGTGGGTTCA
K N I A A F GG NP K SV TL F G E S A
AAAAAATATAGCAGCCTTTGCTGGAAATCCTAAAAGTGTAACTCTCTTTGGAGAAAGTGC
G A A S V § L HL L 8§ P G S H S L F TR
AGGAGCAGCTTCAGTTAGCCTGCATTTGCTTTCTCCTGGAAGCCATTCATTGTTCACCAG
A I L S G S F N A P WAV T S L Y E A
AGCCATTCTGCAAAGTGGATCCTTTAATGCTCCTTGGCGCGCGTAACATCTCTTTATGAAGC
R N R TL NULAI KULTGC S R ENETE
TAGGAACAGAACGTTGAACTTAGCTAARATTGACTGGTTGCTCTAGAGAGAATGAGACTGA
I I K C L RNJIKDUPOQETIULULNEH APV
AATAATCAAGTGTCTTAGAAATAAAGATCCCCAAGAAATTCTTCTGAATGAAGCATTTGT
v P Y G TP L S V NP G P TV D G D P L
TGTCCCCTATGGGACTCCTTTGTCAGTAAACTTTGGTCCGACCGTGGATGGTGATTTTCT
T DM P D I L L EL GOQVF KIKTOQTIULUV
CACTGACATGCCAGACATATTACTTGAACTTGGACAATTTAAAAAAACCCAGATTTTGGT
G V N K D E G T A PF L V ¥ G A P G F S K
GGGTGTTAATAAAGATGAAGGGACAGCTTTTTTAGTCTATGGTGCTCCTGGCTTCAGCAA
D NN S I I TRIKEPFPFQEGULI KTIUZ PP P
AGATAACAATAGTATCATAACTAGAAAAGAATTTCAGCGAAGCTTTAAAAATATTTTTTCC
G V S E F G K E 8§ I L F H Y T DWWV DD
AGGAGTGAGTGAGTTTGGAAAGGAATCCATCCTTTTTCATTACACAGACTGGGTAGATGA
Q R P E N Y R EALGDWVV G D Y N F I
TCAGAGACCTGAAAACTACCGTGAGGCCTTGGCTGATCTTCTTGCGCGGATTATAATTTCAT
cC P AL E F T K K PF S E WG NN AUPFP F Y
ATGCCCTGCCTTGGAGTTCACCAAGAAGTTCTCAGAATGGGCGAAATAATGCCTTTTTCTA
Y FP E HR 8 S KL P W P E W MGV M H G
CTATTTTGAACACCGATCCTCCAAACTTCCGTGGCCAGAATCGGATCGGGAGTGATGCATGG
Y E I BE F V P G L P L E RRDNY T K A
CTATGAAATTGAATTTGTCTTTGGTTTACCTCTGGAAAGAAGAGATAATTACACAAAAGC
E E I L 8 R S I V K R W A NP A K Y G
CGAGGAAATTTTGAGTAGATCCATACGTGAAACGGTGCGCCAARATTTTGCAAAATATGCGgta
agtgctgatttttgtcattgttctctggecttggtttgatececgttttgettagetttgett
ggtctctggggtagactttagtataaagacacagaaatgttttaattatttgttctattt
atatccacattttttctgtcttaaattctttaaagectecttgtgaacagtgttagaaaaca
atattctttttaatctaacaatgatttcaattttactataatgtctctattttattattt
N P N E T Q N N S T 8§ W P V F K S T E
agGAATCCAAATGAGACTCAGAACAATAGCACAAGCTGGCCTGTCTTCAAAAGCACTGAA
Q K ¥ L T L N T E S T R I M T KULRAQ
CAAAAATATCTAACCTTGAATACAGAGTCAACAAGAATAATGACGARACTACGTGCTCAA
Q C R F W TS F F P KV L EMTG
CAATGTCGATTCTGGACATCATTTTTTCCAAAAGTCTTGGAAATCGACAGgtgtgtctgtt
tttagtgtttggttatttaatagatgatgggttatgtaaaaaagggatgaagtatactct
gagctaataacaaataataaagaataaataaagaaaataatgctgtactgtgtagttaga
gaaaatggcttttgtattcgaaattatttttcagttaatgaaacagataaaaattttgat
N I D E A E W E W K A
taatacaacttattccatattttacagGAAATATTGATGAAGCAGAATCGGAGTGGAAAG
G F H R W NNUYMMUDW K NOQPFPF ND Y T
CAGGATTCCATCGCTGGAACAATTACATGATGGACTGGAAAAATCAATTTAACGATTACA
S K K E s C V 6 L =
CTAGCAAGAAAGARAGTTGTCTGGCTCTCTAACcattggtctectttgttttttatataaag
gcaagaaagaatcttaaaatgagaggctcagccactttaaaacaccttataatagaaaca
gaatgctgctac

BCHE (butyrylcholinesterase)

I-1

II-1

-4

II-5

GAT->GGT (Asp70Gly)

Exon 2

L 1+Il AL
GAACATAG CAAAGTTTTCC G
210 220

1--!11+-~1.|Illllllll lg

GAACATAGNF CAAAGTTT

210 220
|11||III lllllllllllllll
GAACAT CAAAGTTTTCCAGG

20 240
1--HHHHE Illllllllll-lll
GAACATAG[ET CAAAGTTTTCCAGG
200 210 220
FHEE e HE LY
GAACATAGMF CAAAGTTTTCCAGG

GCA->ACA (Ala539Thr)

Exon 4
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