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Z.akladni vlastnosti lokusu
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Strategie detekce genu pro uzitkovy znak

- studium kandidatnich genu (zaméruje se na
omezeny pocet znamych genu jejichz fyziologicka
funkce naznacuje, Ze geneticka variabilita v genu
muze zpusobit fenotypovou variabilitu studované
uzitkové vlastnosti)

- celogenomova analyza (analyza celého genomu
zamérena na identifikaci oblasti, které jsou
asociovany s variabilitou ve studované¢ vlastnosti,
bez ohledu na to, jestli jsou v téchto oblastech
pritomny kandidatni geny)



Vztah mezi markerema ETL (QTL)

marker nemusi byt pfiinny, ale muze byt pouze ve vazbé s pricinnym lokusem

(studium asociace)

Kanec 1 Kanec 2 Kanec 3
M1 H M1 L - M1 H
M2 L M2 H M2 H
M1 alela je M1 alela je Potemstvo
asociovana s asociovAna s alelami M1
vysokou uZitkovosti s Rizkou u¥itkovostf a M2 mi4 stejnou

u potomstva u potomstva u¥itkovost



Smle | arkers not possible Two (or more) markers: a lot
to distinguish between less confounding between
QTL effect and QTL position QTL effect and QTL position

Proper mapping of a QTL requires the use of
multiple marker genotypes




Mapovani QTL - predpoklady
- stfedné husté vazbové mapy
- vhodné populace:
- experimentalni kriZeni (prasata, dribeZ, ovce, masny skot)

- outbredni rodokmeny (skot)

Experimentalni kfizeni u druht s vétSim poctem potomkii a kratkym genera¢nim
intervalem. Pouzivaji se tfigenerac¢ni rodiny vzniklé kriZzenim kontrastnich plemen
(napf. u prasat divoké prase x pietrain, nebo meishan x pietrain). Toto usporadani
zajistuje segregaci v markerech i QTL.

Outbredni rodokmeny — u skotu

Metoda vnucek (granddaughter design). Testovani markera a vazbova analyza se
provadi u synii a priméry uzitkovosti jejich dcer jsou pouzivany jako hodnoty
uzitkovych vlastnosti.
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Figure 3 | Approaches to mapping and positional cloning of QTLs in domestic animals.
The segregation of quantitative trait loci (QTLs) can be detected in family material from
commercial populations or from experimental crosses. QTL mapping in intercrosses between
divergent populations has an excellent power for QTL detection, owing to the high heterozygosity
at QTLsinthe F, generation. However, the resolution is rather poor as it is based on those
recombination events that occur in the experimental pedigree. So, an initial low-resolution
mapping in an intercross can be followed up by high-resolution linkage-disequilibrium mapping
within a commercial population, if the QTL is segregating within such populations, or by the
detection of the minimum shared haplotype representing a selective sweep. The identification of
the causative mutation for the insulin-like growth facter 2 (IGF2) QTL in pigs is an excellent
ilustration of how this combined approach has been used (BOX 3).




Mapovani QTL - metodologie

- asociacni testy (association tests)

Zjistuje se asociace genotypi urcitého genu (kandidatniho genu) nebo markeru s uzitkovym znakem.
Mize byt velmi efektivni, jedna-li se o pricinny gen (i pro geny s malym u¢inkem). Studium
zjisténych ucinkl genl (markerit), které jsou ve vazbé s QTL je zavislé na sile vazby a velikosti QTL
efektu.

- intervalové mapovani (interval mapping)

Metoda pro testovani efektll poloh v intervalech mezi markery (nezndme genotypy QTL v polohach
mezi markery, ale pfi pouziti vazbovych vzdalenosti markerti miizeme zjistit pravdépodobnosti
genotypul v téchto polohach).

- metoda vnucek (grand-daughter design)(u skotu)
Kazda rodina zahrnuje jednoho byka, jehoZ synovée (20 a vice) byli vybrani jako plemenici. Kazdy syn
ma 100 a vice dcer s fenotypovymi tdaji, a ty jsou pouZity pro odhad presné plemenneé hodnoty bykii.
Genotypy markert jsou zjiStovany pro déda (grand-sire) a jeho syny, a QTL mapovani je realizovano
analyzou segregace markert od déda k synim ve vztahu k rozdiliim v plemenné hodnoté. Jestlize déd
je heterozygotni v QTL s velkym uc¢inkem, u synt, ktefi zdédili ptiznivou alelu, bude mozno o¢ekavat
vyssi plemennou hodnotu nez u synu, kteti zdédili nepiiznivou alelu.
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Intervalové mapovani

- Intervalové mapovani je metoda pro zjiStovani pozice QTL v
Intervalech mezi markery.

- nezname genotypy v pozicich mezi markery, ale kdyZ mame vazbové
mapy ukazujici vzdalenosti markeri a jejich genotypy, miiZeme zjistit
pravdépodobnosti genotypti QTL v urcitych pozicich.

- vypocet je zaloZen na metodé maximalni pravdépodobnosti (maximum
likelihood) (Lander a Botstein, 1989) a analyzy LOD skore, a provadi se
pro kazdy 1 — 2 cM.

DalSimi pouzivanymi metodami je analyza regrese a metoda nejmensSich
Ctvercii.

Pro celogenomovou analyzu je nutné stanovit prahy vyznamnosti
(significance thresholds).



Intervalové mapovani QTL

LRand approximate LR

35.0
30.0 e emem e wm
P50 |- =
20.0 \
15.0
10.0
50
0.0

& @‘X N & P m‘)’b‘ N 69' o oF

A Map position (M1-Q)

marker 1

= = = =approx_LR
|——IR

marker 2




Lod score

Likely location
of major gene

Location of
markers |

1 11 111

Position on chromosome

!




Mapovani QTL u skotu — metoda vnucek
(grand-daughter design)
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Figure 3 | Half-sib families and breeding value. The pedigree lllustrates the grand-daughter
design for mapping quantitative trait loci (QTL) using half-sib families’, Each family comprises
one grand-sire whose sons (20 or more) have been selected as sires. Each son has 100 or
more daughters with phenotypic data, and these are used to estimate accurate breeding
values for the sires, even for traits with a considerable environmental influence. Marker
genotypes are only collected for the grand-sire and his sons, and QTL mapping is carried out
by analysing the segregation of markers from the grand-sire to the sires in relation to
differences in breeding values. If the grand-sire is heterozygous for a QTL with a major effect,
the sons that have received the favourable allele will tend to have higher breeding values than
those that received the unfavourable allele.



Detailni mapovani QTL
(high-resolution mapping)
- nezbytna vétsi hustota markeri ve studovaném intervalu

- potomstvo s rekombinantnimi chromozomy v dané oblasti
(vyzaduje velké mnozZstvi potomki F, generace nebo generace zpétného pareni)

- kombinované intervalové mapovani (composite interval mapping), a

- mnohonasobné intervalové mapovani (multiple interval mapping)
Metody, které zvySuji citlivost QTL mapovani ve studovaném chromozémovém intervalu eliminaci genetického
pozadi zplisobeného segregaci v ostatnich QTL zahrnutim jinych markerii (které nejsou ve vazbé s testovanou pozici)
jako kofaktort ve statistickém modelu.

- metoda IBD (identical-by-descent)(u mlé¢ného skotu)
Kombinuje gametickou nerovnovahu a uré¢ovani QTL genotypti pomoci segregacni analyzy existujici rodiny s
vyuzitim markerti. V prvni fazi se identifikuje byk metodou vnucek nebo dcer, ktery by mél mit QTL genotyp Qq.
V druhé fazi se provadi analyza urc¢itého poctu jedincii pomoci vazbové mapy s vysokou hustotou markerd v oblasti
predpokladané lokalizace QTL za ucelem identifikace sdilenych chromozomovych segmentt, ve kterych se nachazeji
alely QTL s velkym ucinkem. Jinymi slovy, nejdiive se pouZzije vazbova analyza ke stanoveni QTL genotypu a pak se
pomoci vysokého poctu genetickych markert zjisti minimalni haplotyp, ktery je sdilen (identical-by-descent) zvitaty
nesoucimi Q alelu.

- analyza zaloZena na gametické nerovnovaze (linkage disequilibrium analysis)
studuje se v outbrednich populacich. Vyuziva nendhodnych asociaci alel v rtiznych lokusech, které existuji v populaci,
a tim se zvySuje citlivost mapovani.

- nasledné linie krizencii (advanced intercross lines)(u slepic a modelovych organismil)

Nasledujici generace (F5, F, a dalsi) kiizenct, které jsou vytvareny za ticelem detailniho mapovani QTL.
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Figure 1 | Identical-by-descent mapping. Assume that the quantitative trait locus (QTL) allele
Q2 originates by mutation from allele Q7 at generation O. There will be a complete linkage
disequilibrium between Q2 and alleles at all other loci in the first gamete carrying Q2. This linkage
disequilibrium will then gradually decay through each generation owing to recombination, but
linkage disequilibrium will persist for closely linked loci. At generation n a sample of chromosomes
are collected and classified (Q7 or Q2) by segregation analysis. Genetic markers and sequence
analysis are then used to define the minimum haplotype that is shared identicai by descent
among animals carrying Q2 (indicated by the yeliow bar).
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Gameticka nerovnovaha
(vazbova nerovnovaha)
(gametic disequilibrium; linkage disequilibrium)
Nenahodna asociace alel ruznych lokusu.

Ve dvoulokusovém systému se dvéma alelami v kazdém lokusu jsou
mozné Ctyri gamety:

Gamety AB, AB, AB, AB,

Frekvence Xq1 X1 X51 X5o

Pocitame hodnotu D, ktera je mirou nerovnovahy:

D =Xy X = Xpp* Xy

Kdyz D # 0, populace je v gametické (vazbové) nerovnovaze. Kdyz
D = 0, populace je v gametické (vazbové) rovnovaze.



Gameticka nerovnovaha

D # 0, kdyZ se uplatiuje:
- geneticka vazba
- selekce
- migrace nebo krizeni

- nedavna mutace
Poznamka:

Gameticka nerovnovaha se miZe uplatiovat i mezi geny
(lokusy), které nejsou ve vazbé. Nerovnovaha je statisticky
fenomén.



Selective sweep
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Figure 2 | Loss of heterozygosity owing to a selective
sweep of a favourable mutation. In an outbred population
the heterozygosity varies along a chromosome according to
the local mutation rate, previous selection history and genetic
drift. Strong directional seiection in domestic animals (and in
other species) is expected to cause selective sweeps in which
a favourable allele replaces other alieles. This leads to
homozygosity at the selected locus and also at flanking loci
owing to *hitch-hiking’**. This characteristic pattern means that
dense genome scans can show regions of the genome that
have gone through selective sweeps.



Mapovani QTL — vysledky a problémy

- je obtizné zjistit presnou polohu QTL. Intervaly jsou obyCejné v rozmezi
10 - 20 cM.

- vlastnosti s nizkou dédivosti vyzaduji velké populace a vice opakovani, aby se
ziskaly presné polohy a efekty QTL.

- pouziti lepSich statistickych metod pomaha, ale neresi problém.

- pri mapovani v malych populacich ¢asto nejsou zjiStény QTL s malym ucinkem.

- u téch QTL, které jsou nalezeny, je ¢asto zjiStén vétsi efekt nez skutecné existuje
(protoZe ,,absorbuji* ¢ast informace z nedetekovanych QTL).

- efekty QTL ze vzorku jedné populace ¢asto neodpovidaji efektim z jiného vzorku
stejné populace.

- typické studie mapovani QTL jsou pravdépodobné spolehlivé pouze pro QTL
s efekty 10% a vice.

- poloha QTL pro stejny znak se miZe vyrazné liSit u riiznych mapovacich
populaci!



Informative F, Families for QTL Mapping in Pig
at Hohenheim University
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F, Meishan x Large White




F ratio

Mapovani QTL na chromozomu 3 prasat (MxP)
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Significant QTL effects on SSC3.

Trait cM F ratio VF 0 a=*x SE d £ SE

Loin and neck meat weight (kg) 43.2 12.0*** 6.7 -0.286 £ 0.090 0.528 + 0.134

Shoulder meat weight without 43.2 10.4*** 5.8 -0.072 = 0.049 0.324 = 0.073
external fat (kg)

Daily gain (110-210 days)(g/day) 46.1 10.3*** 5.7 -28.872 + 10.112 52.804 + 14.358

Carcass length (cm) 44.2 9.2%* 5.1 -0.675 =+ 0.472 2.868 + 0.695

Meat area on M.l.d. at 39.2 8.8** 4.9 -0.787 £ 0.401 2.221 = 0.581
13th/14th rib (cm?

Ham meat weight without 42.2 8.5** 4.7 -0.143 = 0.099 0.581 * 0.147
external fat (kg)

Half carcass weight (kg) 46.1 7.2* 3.9 -0.785 =+ 0.522 2.638 = 0.742

Ham weight icluding bones 44.2 6.2* 3.3 -0.152 + 0.142 0.716 = 0.209
and external fat (kg)

Weight of head (kg) 46.1 6.1* 3.2 -0.081 £ 0.063 0.300 = 0.090

Food conversion ratio (kg/kg) 32.9 6.0* 3.2 0.232 = 0.075 -0.191 *+ 0.116

Fat to meat ratio (area at 35.9 SO 3.1 0.017 £ 0.016 -0.082 % 0.025
13th/14th rib)(cm?,,..%)

Weight of bacon meat relative 46.1 5.6* 2.9 0.401 £ 0.124 -0.172 £ 0.176

to lean cuts weight (%)

Significant at *P < 0.05 chromosome-wide threshold; **P < 0.05 genome-wide threshold; ***P < 0.01 genome-wide threshold.

QTL, quantitative trait locus; SSC3, Sus scrofa chromosome 3.

a, additive effect (positive/negative signs indicate the superior/inferior trait values inherited from the paternal resource group);

d, dominance effect (positive for higher values of heterozygous individuals than the mean of homozygotes; negative for lower values);
VF2(%), percentage of F2 phenotypic variance explained by the QTL; M.l.d., Musculus longissimus dorsi.



Mapovani QTL na chromozomu 4 prasat
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Fig. 3. Profiles of F ratio values on SSC4 for traits from different trait complexes and with the highest
levels of significance (compare Table 3). p = 0.01 and p = 0.05 indicate the genome-wide thresholds,
{p = 0.05) indicates the chromosome-wide threshold



Mapovani QTL na chromozomu 6 prasat
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Rozlozeni efektu QTL na SSC 4
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H. Geldermann et al.
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Database summary

To date, there are 1287 pig QTLs in the database from 94 publications representing 246 different pig traits
( These summary data may differ from that appear on the font page as the summary included newly entered QTL
which may have not yet become part of the official release )

Number of QTL by Pig Trait Types

1. Number of QTL by Traits Trait Types Number of QTL
2. Number of QTL by Trait Types Anatomy 423
) Behavioral 22
3. Number of QTL by Trait Classes T —_— 11
4. Number of QTL by Chromosomes Coat_color z
Conductivity 25
5. Number of QTL by Years Reported Conformation 8
Digestive Organ 9
6. Number of QTL by Journals Published Disease Resistance 7
) Endocrine 4
7. Number of QTL that are private Enzyme Activity 1
Fat Composition 40
Fatness 318
Feed Conversion 6
Feed Intake 14
Flavor 12
Growth 187
Immune Capacity 8
Litter Size 20
Meat_color 42
Odor 5
PH 42
Reproductive Organ 30
Reproductive Traits 9
Stiffening 3
Texture 42
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Fig. 2. Location scores obtained along the Chr 14
microsatellite map with the sum-of-rank QTL
mapping method (Coppieters ¢t al. 1998b).
Evidence in favor of the presence of a QTL at a
given map position is measured as log(1/p) with p
corresponding to the p-value of the actual data as
measured from chromosome-wise analyses of 10°
phenotype permutations. Experiment-wise
thresholds obtained by Bonferroni correction of
the chromosome-wise thresholds to account for the
analysis of three multiple traits and 29
chromosomes are indicated by horizontal bars. @:
milk yield: Il protein yield; LI: protein
percentage; A fat yield: A: fat percentage. For fat
percentage (A) the location profiles are flat
between positions 0 and 26cM because the x
values obtained from the real data within this
segment exceeded all values obtained from the 10°
permutations.



'

"IIII“II‘I“:

wm
por
u
=

BTA 25

o |

QTL pro mléénou uzitkovost krav

TA 2 BTA 3

BTA 14 BTA 15

BTA 26 BTA 27

BTA 28

BTA 29

{ ™

B

F

TA 18

TA X

;
Bl MM

L
LI

w
—
>
~J

BTA 19

BTA Y

J
| ER oae =m Ba SRR PR B RO R 0O o e B |

| o it i = — = ~— e o e

wm
W

TA 8 TA 9 BTA 10

BTA 20 BTA 21 BTA 22

Enilk Yield

WMilk Fat

BHMilk Protein
MLifetime Production

“Mastitis

, 1|I

[ B IO P GE e ey BURD O v B B 67 |

m

TA 11 BTR 12

BTA 23 BTA 24
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ox 2 | Transcriptional profiling with microarrays

A microarmaycomprises a sct of hund reds or thousands of nucleic-acid spots, or
features,on a solid support — often a glass dide. Eadh spot reperesants an expressod
sequence, and consists of an oligonuckotide or cDINA probe. When a labelled cDNA s
hybridized to the array, the amount of hybridization to cach feature isquantifed as an
intens ty reading that repeesents individual gene activity. This provides a global picture
of gene rarscript levels and has become a widely used technique that is bangusaedto
udy gene expresdon during devdopeent, in par icular disease states and so on.
Various statistical methods™ """ can be usad to iden tify tatistically sgnificant changes
and groupi ngs of gne expresdon. At poesent, these st atistical methods are viewed as
cither lincar-model-based approaches™™ that account for both biological variation and
technological variation ,or multivariate approaches, axch as clustering™ ™, that allow the
relationships among gene profiles ( across time or treatments ) to group the genes
according to similar behaviour. Model-based inference is formulated around a scientific
hypothesis that can be tested through @ atistical calculation (or statistical tes2 ), and
from which statisically significant conclusons can be drawn. Conversdy, multivariate
analyses are clustering techniques thatare viewed as summuar y/explocatory in that they
are typically not hypothesis based . and the reaalting pexpaocreaes are not testable.
However, the testability of gene-expresson dendrograms has recently been

add ressed ™ 7 to assess statistical significance.

O Macmillan Magazines Lrd.



Genomicka selekce - Whole Genome Selection (WGS) is a term often used in conjunction with SNP
chips. Itis the industry application of the SNP chip technology.

Most traits that breeders are interested in are caused by lots of small effects that are spread throughout
the whole genome (DNA) of an individual. The new SNP technology will offer more bang for your buck
by examining a large portion of the genome - not just a small part.

Instead of ggjrent genetic markers that occur on one point in the genome (e.g. muscling with the
MyoMAX gene) WGS offers the power derived from a 50 thousand marker screen throughout the
genome of an animal.

Through using SNP chips which contain 50,000 DNA markers, the ""Whole Genome™ can be
investigated to search for multiple genetic markers associated with a variety of traits at one time.

The R&D process is to collect DNA samples and performance data from an extensive and
representative set of animals (thousands spread across the industry and the country). DNA samples
from these animals are run across the SNP chip and the data analysed to select SNPs that are most
predictive for a particular trait, with weightings determined for each SNP. The resulting "SNP Key"*
consists of 30 to 300 SNPs per trait which account for most of the trait variation and industry animals
can then be tested using the SNP Key. Results from the SNP Key can be summed to obtain an estimate
of the genetic merit of an individual.

This is similar to a breeding value, but instead of an estimated breeding value predicted from animal
measurements and pedigree you will get a Molecular Breeding Value (MBV). If you have both a
traditional and a molecular breeding value, these can be combined to give you an even more powerful
estimate of breeding merit - a so called genomic breeding value (GBV). This information can be used
to make predictions about an animals genetic merit as a parent, even if it has not been measured
directly for all of the traits.

Whole Genome Selection marks a point where genomics will move from the laboratory into the
paddock and consequently the marketplace.

The benefits of using this technology as a selection tool is that it can result in faster gains through a
reduction in the interval from testing to selection and it reduces the need to measure difficult to
measure traits such as meat quality or disease resistance.
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Table 1 « Genes identified from QTL studies

Polygenic trait Year Ref. Gare Speaes pos tg b fu
Alzheimer diseaze 1991 » APpP human X
Alzhesimer diseaze 1993 » APOE human

Ovarian and breast cancer 1994 " BACAT human X X
Breast cancer 1995 - BACL2 humnan X X
Inzulin rezstance 193¢ - gAgp2 human

HDL-chclesterol levels 1997 14 LinC human

Intestinal cancer 1997 s Fla2g2s mouse X X

Blood prezzure 1998 ". Atplal JATPIAY rathuman X X
Leptin bevels 1999 1. FOMC human Xe X
Asthema 1999 g " mouse X X

Asthena 1999 L N2 mousze X X
Inzulirrmediatad gluccze uptaks 1999 2 Cd26 rat x

Obezity 2000 » Peon1/PTPNI mousahumnan x= X
Alzheimer diseaze 2000 a PSENT human X

Diabetes 2000 e (174 mouse X x= X
Gallstones 2000 = Aboc2 mouse X X
Asthema 2000 - e mouse

Muzcle glycogen content 2200 L Prkag2 pia X X X
Crohn dizeacs 20 a3 NOD2 human X Xe X
Blood preszure 200 o SCNNT1AT human X

Blood prezzure 200 i SCNNIG human Xe

Blood preszure 200 » Sk12a1 rat

Blood preszure 2001 ® Cypt 161 rat X
Bone dercity 200 3 COL1A human

Leftventricular mass 2001 » MNppa rat x= X
Madifier of tubby hearing 2001 = MeapTa mouse X X X
Taste, zaccharin rezponze 2001 = Tas1e3 mouse X X X
Tumor suzceptibility 2001 » Cakn2s mouze X x= X
Diabetes 2001 = 82m mouse X X

ps, found by poaciicnal doning: 1g, transganicirgerdcn of noemal Qene dhanges phanotype 10 nom Al (for example, tranyQank rescue): ko, Knockowk provides
addidcnal #Adence (*human = onogenic syndrom ¢, “delstion of gm:g homoiogous recambinaticn produe: 3 mawe with e henm{po typical of the k-
S22, knockoutin yesst Ty, funcicaal difference In Ganddate Qane. AFF, amykid precursor protein; AP0E, spalipoprotein E: 8RCA, brozat cancar gena: FASF2,
fnotzdadd tinding protain 2 (ARC hapatic lipaa: ATPIAL, 0-NAK-ATPaa: POMC, pro-pro-cplomaianocortn; &, Interlhukine (038, farty 300 trarghocase PTFIS,
protein tyrosing p&phatxo-!& , presernilin 12 Alcc2, ATP-Linding caszatts, subfaﬂ?gcz HG hamolytic complement (G ATRag5, protein kinase, AMP-
Hthvated, Y3 NOOD2, caapace recruitment dom ain<containing protein 15 (CARD! S SCAW, sodium channel, nonascl gatedt SAT237, N3 K 2Cl-cctrarcporter
Cyp?1071, Np-hydraxytace: COLTA, wllagen-14° Npos, natriaretic peptide preaurscr A Mrap’a, micactubuk-3550 protein 13 Tash 3, 13510 receplor-=
G223, cydindapendent kinase Inhibitor 2% B2m, 2= kroglobuln.




Table 1 | Monogenic trait loci for which the causative mutation has been identified

Species Trait Gene Reference
Cattle Muscle hypertrophy MST 72-75
Coat colour MCI1R 76

White coat colour KITLG 23

Fish odour in milk FMQO3 77

Chicken Albinism TYR 78
Plumage colour MCI1R 79

Dominant white plumage colour PMEL17 80

Dog Narcolepsy HCRTR2 81
Coat colour MCI1R 82

Goat Lack of horns, intersexuality Non-coding region* 83
Horse Coat colour MCITR 84
ASIP 85

MATP 86

White colour, megacolon EDNRB 87-89

Pig Malignant hyperthermia RYR1 21
Dominant white colour, haematopoiesis KIT 22,90,91

Hypercholesterclaemia LDLR 92

Coat colour MCI1R 93,94

Intestinal Escherichia coli adherence FUT1 95

Glycogen content in skeletal muscle PRKAGS3 24

Sheep Fertility, ovulation rate BMP15 96
BMPR1B 97

Muscle hypertrophy Regulatory mutation™ 98,99

*This is apparently a regulatory mutation that affects the expression of one or more genes in the chromosomal region to which it maps.



