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*"Ancestria”
* Fenotipo

* Riesgos para enfermedades



Origenes geograficos (ancestria) de mi genoma



El ADN mitocondrial presenta una estructura geografica muy marcada...
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... y el cromosoma Y también
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...pero estos marcadores representan solo una peque
parte de nuestro genoma, y de nuestros antepasados
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Diversidad genetica en Brasil




Diversidad genetica en Brasil

...pero un 28% de los brasilenos
blancos llevan secuencias de
MtDNA de origen africano!




Pero ahora podemos acceder al genoma entero (0 casi)

Samples per

Infinium HD BeadChips Markers per Sample

BeadChip
HumanCmnil-guad 4 = 1 million*
Human1M-Duo 2 = 1 million
HumanOmniExpress 12 = 700,000
Human&a 0w -Guad 4 > 658,000
HumanCytoSNP-12 12 ee 300,000
Semi-Customn HumanlM-Duo+, and 274 standard content and up to 60,800 customize

HumanHapSs0-Guad+ SHPs per sample

*Completely redesigned array with aggressively selected SMPs and probes from all three HapMap phases, the 1,000 Genome:
Froject, and published studies.

Genome-Wide Human SNP Array 6.0 printer-Friendy (B]  Email (5

Pure Power and Performance

The new Affymetrix Genome-Wide Human SNP Array 6.0 features 1.8 million genetic markers, including more than
906,600 single nucleotide polymorphisms (SMNPs) and more than 946,000 probes for the detection of copy number
variation. The SMNP Array 6.0 is the only platform with analysis tools to truly bridge copy number and association,
including a new, high-resolution reference map and a copy number polymorphism (CNP) calling algorithm developed by
the Broad Institute. The SNP Array 6.0 demonstrates industry-leading performance and represents more genetic variation
on a single array than any other product, providing maximum panel power and the highest physical coverage of the
genome.

The high price-performance value of the SNP Array 6.0 enables researchers to design association studies with larger
sample sizes in the initial scan and replication phases, thereby significantly increasing the overall genetic power of their
studies,

MNew! Affymetrix Cytogenetics Research Solution

Affymetrix Copy Number Solution on SMNP 6.0

Copy Number and LOH analysis tools in Genotvyping Console

Automation Solution




...lo que ha llevado el andlisis al nivel individual

A Qbﬁ ‘f%‘
Africa Mid.East Europe C.S.Asia E.Asia 2 ’%:?

1§11 7 [ L HHIJII 1788720060 %5 ¢ gy

Li et al. Science. 2008 Feb 22;319(5866):1100-4.
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Lao et al Curr Biol. 2008 Aug 26;18(16):1241-8




Novembre et al. Nature. 2008 Nov 6;456(7218):98-101



Fenotipos dentro de la variacion normal:

- Estatura

- Color de piel, ojos, cabello

- Pelo liso / rizado

- Sabor amargo PTC

- Reaccidn a la ingesta de alcohol
- Persistencia de la lactasa

- Tipo de cerumen

- Sindrome ACHOO

- Anosmia del esparrago



Aplicacion clara en genética forense: ¢ Podriamos reconstruir un retrato robot
del sospechoso a partir de una muestra biologica dejada en el escenario del crimen?

Tongeran 28.7.07



Estatura: aunque se han enconrado algunos QTLs, la mejor manera de predecir
la estatura de un individuo sigue siendo la media de la de sus padres.

Table 1 SNPs showing strongest correlation with height in meta-analysis

Effect
Effect Effect

SNP / Allele Freq. Region ICE DUT USe DGl USa Scan P DAN DAN P Comb. Comb. P Neighboring genes

1511206277 G 0.44 1glz 48 55 106 22 73 =107 5.4 0.0052 5.1(0.8) 1.4 x 10719 Histone class 28, MTMR1I,
SV2A, SF3B4

15678962 G 0.22 1g24 4.4 113 80 65 08 32x10% 54(1.0) 3.2 x 108 DNM3

52274432 T 0.37 125 53 12 98 11.4 9.7 x 108 4.5 0.027 5310.9) 7.8 x 107?  Clorfl9,GLT2502

53791679 T 0.8l  2plé 59 45 66 2.9 188 11x107 51 3.0x10°% 58(0.9) 59x 1071 EFEMPL, PNPTI
1s6763931 A 0.45 3q23 7.4 9.2 65 64 37 26x10'8 135 99« 108 74(0.7) 1.4« 100¥ ZBTB3S

rs6842303 T  0.26 4pls 3.8 50 157 148 57 =105 92 20x10°% 48(0.8) 4.2 x 10° LCORL, NCAPG
6830062 T 0.89 4pl6 48 119 216 36 88 76« 108 105 000018  63(L.0) 1.3 x 1070 (CORL, NCAPG
s1812175C 0.86 4q31 7.9 83 78 110 104 28x 10 &9 0.010 83(1.2) 9.7 x 10712 HHIP
rsl2198986 A 0.50 6p24 7.9 2.7 22 10 64 x 10 33 0.080 6.8(1.0) 2.4 107! BMPS
rs10G46808 A 0.70 6p22B 56 61 77 0.2 1.1x 107 7.4 000085  56(0.9) 5.8 107" Histone class 1,
Butyrophilin genes
rs2844479 T 067 6p21A 7.0 67 40 07 88 84x107 6.3(1.1) B.4x 10 HLA class lIl

3130050 G 0.19 6p2lA 85 03 00 36 51 =107 63 0021 74(1.3) 3.2« 10%  HLAclass |
rs185819T  0.52 6p2lB 52 52 659 36 19x10% 64 0.0048 52(0.9) 3.2 % 108 HLAclass |
rsl776857 ¢ 0.07 6p2lD 9.8 23 7.3 84 1.1x107 65 0043 28(1.6) L4108 HMGAL
54713858 G 0.86 6p2lE 64 112 11 86 25 49x10% 35 022 681(1.2) 3.5« 1078 ANKS1, TCP11, ZNF76, DEFS,
SCUBE3
rs3748069 A 0.74 6924 57 5.7 ll4 80 32 45«10 83 000015 65(0.9) 4.5 10714 GPRIZE
15798544 G 0.72 7p22 50 98 131 48 105 45107 7.7 0.00029 5.9(0.8) 6.5 107'° GNA1Z2
52282578 ¢ 0.29 7g21 55 104 -05 75 14 9.8x10° 58(1.0) 9.8« 107% CDKS, PEX1, GATAD!, ERVWEL
s11765954 C 0.24 7¢g21 60 83 02 89 01 12x107 25 017 61(1.1) 6.9« 108 CDKS, PEX], GATADI, ERVWEL
510958476 C 0.23  8glz 55 3.0 99 46 14x10% 57 0015 54(1.0) 6.6 x 1078  PLAGI, MOS, CHCHD?,
RDHEZ, RPSZ20,
LYN, TGS1, PENK
57846385 C  0.27 821 51 99 26 27 45 53x107 46 0.030 50(0.9) 4.7 = 1078 PXMP3, ZFHX4
rs4743034 A 0.23 9931 45 52 109 79 00 52x107 58 0012 53(0.9) 2.1« 10% ZNFa62
rs8756 C 0.52 12gl4 60 50 88 107 94 22x103 7.2 000016 6.6(0.8) 1.8 x 107 HMGAZ
rs7153027 A 0.52 14g32 4.6 101 43 69 181 1.1 =100 5.7 (0.9) 1.1 107'0 TRIP11, FBLNS, ATXN3, CPSF2
54533267 A 0.28 15q26 62 7.1 04 26 15 38x107 48 0030 56(1.0) 3.3« 108 ADAMTS1Z
3760318 C 063 17ql1 5% 68 41 88 0B 18109 60(1.0) 1.8« 10°% CRLF3, ATADS, CENTAZ, RNF135
rs4794665 A 0.48 17923 A 3.4 43 38 33 78 92x10° 62 0.0016 3.6(0.7) 9.9« 1078 NOG, DGKE, TRIM25, COIL, RISK
rs7E7E08T 035 17923B 47 3.4 108 34 7.4 30x107 37 0073 4.4(0.8) 6.3 108  BCAS3, NACAZ, TBX2, TBX4
54800148 A 0.79 18qll 52 105 163 87 94 x10% 59 0012 64(1.1) 3.7 « 107 CABLES], RBBPS, Cl8orfab
567417 C 053 20pl2 43 43 55 46 13 46«10% 7.1 000025 43(0.8) 1.5 108 BMPZ
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"The estimated effects per allele of these variants ranged between 0.3 and 0.6 cm and, taken together,
they explain around 3.7% of the population variation in height. "

Gudbjartsson et al. (2008) Nat Genet 40:609-615



Pigmentacion: piel




Genes y SNPs de pigmentacion en humanos

Table 1. Human pigmentation gene polymorphisme and population allele frequencies

Mouse coat calour KO Human Protein Mull Variation SNP Aminoacid  Population® SWP frequencies {allele Liallele 27
Eurapean Chnese Japanese African
Albinog ¥R Tymoginase 532%aa OCAL Skin o lowur w1262 C=A Serl 2Tyt ILSE3INALT 1.4 LAV 1.0
Skin oo loer =R G=A ArmAZGain oA 3G 1 A - D235 065
ml 126N G=A Adi2Gin LTEIANZIT 1 4140 Lt 1 4
HBrown T¥YRF! TYRP1 537 aa OMIAT Eye colour, skin colour 14087 C=T - AN T QOEWDO1T  DATEN.02ZZ 07750N225
VIR C=T ML36TN633 D9800011 Q97700 02330067
Pink-eyed dihstion 42 P-protein £38 an OCAZ Eye colour, skin colour  mIB00401 C=T AmlSTrp 093 SN065 - - 0ATH0 02*
w1 BT G=A A4lGin 0L3I30.067 1 4140 Lt 1 4
=44 A=G Hishl SAne L. B36TGIZ DA4TTALSZE 1.0
Brown'blue eye colowr mIZ93E2T=0 - O 20E A TR 14040 Lavi 140
Underwhite SLOC4S4A2  MATP 530 aa OCAS Skin color w6722 0= A Gl 72 ys L. DHLLANIEY LS LANH 085005
mlGED 1982 (2= LeudT4Phe  OUOITALSES DOEMDOT L L [BCEEL]
Ocular albinism SLC2445  MCEXNS 5 aa - Skin color =1 426654 G=A AlalllThr WL DYEW0A0LT 09890011 02730025
Extension/recessive yellow MO IR MOCIR 317 aa Red hair ml BISE G=T ValtLew ni2z=
R LRS00 C=>A AspEAGin noize
T mEIIIERATO G=A ValvIMet 7 =
R =54 T404 (G A Arg 142 His b =
14 =l ST C=T AmrlslCys  LI1F
R =l 10400 T=C Ie155Thr LIET
4 =l EE C=T Amlt0Trp OLOTF
R EEESTY G =4 ArrlaiGin 0iMTE
24 =1 BIEN G=C Azp?idHiz 0L02TE
Agouti AsrP ASIP 132 aa - Eye calour 9112 A=G IA3A0T 1450 L 1.0
m=hOSE0IT (EEIE A>G) 0. TRE AN 242 03960 644
m=lI0I5362 A= 0. 2330767 OI2X0ETE  02610.73%9 083300167
mASl 1414 G=T Q7250275 DAETEADIZE . 07390261 0E6TALTII
Stec] LG KITLG 273 aa - Skin colour sh4IT4E A =G 13640 E64 02670733 1140886 D02200TTE
Hair colowur mI21256 T=0C ILEERANT42 1 4340 Lavi 1.0
IRFd - Har colowr miX03IFNZI C=T L I6TALEIR [ ERLH] Ly [BLERL]
Hair calowr mIHOTT] G=A A4 NETH DTS04 040356 02420058
SLOC2444 SLCZ4A4 605 aa - Hair colour, eye colowr =1 2896399 (3> T [ LN QTEWDZIT 4258 0.592:0 008
TRON2 TPC2 752 aa - Hair colowur mEISI6HETES AT Metd84len  LESAITE 1 4040 (I 140
Har calowr AR G=A GlyT340GIin 0LSS0.45 QRIMOITE Q7270273 Q09750025

*Hapmap population deseriptars: CELL CEPH (Utah residents with ancestry from northern and western Burapel; JTPT: Japanese in Tokyo, Japan; CHE: Han Chiness in Beijing, China; YEI:
Yoruba in Thadan, Migeria; httpe waww hapmap.org!.
"Population allele frequencies that are most divergent are indicared in baold type.
“Population data recorded in Perlegen database http://genome perlegen. comy'.

“Population data recorded in SNPSODCancer panel NCL
*Allele frequency from (56

Sturm et al. Human Molecular Genetics, 2009, Vol. 18, Review Issue 1 R9-R17



Color del cabello: sblo se conocen con certeza las
bases geneéticas del pelo rojo

MC1R!| =

feomelanina (no eumelanina)
pelirrojos o rubios rojizos

piel clara y pecosa

riesgo cancer de pielt
sensibilidad al dolor!




Color de ojos:

basicamente determinado, aunque de manera muy
compleja, por la variacion en el gen OCAL.
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Duffy et al., Am. J. Hum. Genet., 80:241-252, 2007



Enfermedades:
- mendelianas: raras, pero altamente predictibles. Ligamiento

- complejas: muy comunes, pero poco predictibles. Asociacion
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GWAS con 3000 casos y 3000 controles
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Los resultados de los GWASSs explican s6lo una parte relativamente pequeia
de la heredabilidad de las enfermedades complejas

Table 1| Estimates of heritability and number of loci for several complex traits

Disease Mumber of loci Proportion of heritability explained
Age-related macular degeneration™ 5 50%

Crohn's disease® 32 20%

Systemic lupus erythematosus™ & 15%

Type 2 diabetes™ 18 6%

HDL cholesteral™ 7 5.2%

Height™ 40 5%

Early onset myocardial infarction™ ] 2.8%

Fasting glucose™ 4 1.5%

* Residuzl is after adjustment for 2ge, gender, dizbetes,

Manolio et al. Nature. 2009 Oct 8;461(7265):747-53



Genomica individualizada y empresa: el modelo "directo al consumidor"



Genetic Genealogy
Testing Firms

african Ancestry
AncestryByDNA
Argus Binsciences
Cambridge DMA

Chromosamal Laborataries, Inc,

The DM Ancestry Project
DMA Bioscience

DMA Canada

DMA Consultants

DMA Diagnostics Center
CMA Fingerprint

CMA Heritage

DMA Foots

DMA Tribes

DMA worldwide

Earth Ancestry
EthnoAncestry

Farmily Genetics
FamilyTreeDMA

Gen by Gen

Genelex

GeneTree

The Genetic Testing
Laboratories, Inc,

The Genographic Project
GeoGene

My Genetic Heritage
Oxford Ancestors
Relative Genetics

roots for real

SMGF

Trace Genetics

Al menos existen 32 empresas que ofrecen estimacion
de ancestria con mtDNA y/o cromosoma Y y/o algunos
marcadores autosémicos



Y tres empresas ofrecen ancestria y salud con analisis de
>1.000.000 SNPs

2sanavte deCODEME B

(\Y Navigenics’



