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Archaeological evidence of human
inhabitation of Sardinia

Radio-carbon dating
archaeological sites

Before 7.7Kya few evidence
of settlements

After 7.7Kya farming and
breeding allowed
expansion e

Large number of
archaeological sites
detected
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Low-Pass DNA Sequencing of 1200
Sardinians Reconstructs European
Y-Chromosome Phylogeny
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Genetic variation within the male-specific portion of the Y chromosome (MSY) can clarify the
origins of contemporary populations, but previous studies were hampered by partial genetic
information. Population sequencing of 1204 Sardinian males identified 11,763 MSY single-nucleotide
polymorphisms, 6751 of which have not previously been observed. We constructed a MSY
phylogenetic tree containing all main haplogroups found in Europe, along with many
Sardinian-specific lineage clusters within each haplogroup. The tree was calibrated with
archaeological data from the initial expansion of the Sardinian population ~7700 years ago.
The ages of nodes highlight different genetic strata in Sardinia and reveal the presumptive
timing of coalescence with other human populations. We calculate a putative age for coalescence
of ~180,000 to 200,000 years ago, which is consistent with previous mitochondrial DNA-based
estimates.

2,4,

mutation, reversion, and recurrence rates, can
be particularly informative for these evolution-
ary analyses (3, 4). Recently, high-coverage Y
chromosome sequencing data from 36 males from
different worldwide populations (5) assessed
6662 phylogenetically informative variants and
estimated the timing of past events, including a
putative coalescence time for modem humans of
~101,000 to 115,000 years ago.

MSY sequencing data reported to date still
represent a relatively small number of individuals
from a few populations. Furthermore, dating esti-
mates are also affected by the calibration of the
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vided genomic data sets that can recon-  male-specific portion of the Y chromosome (MSY)

New sequencing technologies have pro- more accurately (/). Sequencing data from the
struct past events in human evolution (2), because of its lack of recombination and low
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Key genetic features of the Sardinians

Large, ancient isolate

Excellent depiction of European genetic variation
Founder effects, genetic drift

Strong Malaria pressure until its recent eradication
Different allele frequencies

Different LD patterns

Affinity of contemporary Sardinian genomes with those of
Early Neolithic farmers from across Europe



Key ingredients of the project :

« Selection of the most appropriate phenotypes in a
favorable study population

* Deep extraction of the genetic information



Key ingredients of the project:

« Selection of the most appropriate phenotypes in a
favorable study population



Projects ongoing

Study of Multiple Sclerosis & SardiNIA general population
Type 1 Diabetes (CSCT) cohort study on qunatitative
~2000 T1D patients ~7,000 individuals
~3000 MS patients 1257 families
~4000 Controls >1000 quantitative traits

<enrollment from 4 towns in a
small area of the Island

)

Aftected individuals

and matched controls

from all over the island e

(only 50 samples enrolled in both studies)



The SardiNIA/ProgeNIA
project

Arzana







Rationale

* Focus on geographically clustered
towns to permit extensive phenotyping
with enough power to find associations
with traits (mainly quantitative).

« The structure of the project allows
precise measures of heritability and
simplifies imputation strategies.



The SardiNIA/ProgeNIA project
Began in 2001, funded by the NIH/NIA to Giuseppe Pilia

~7,000 volunteers, grouped in ~1,000 families recruited from
a cluster of 4 small towns in the Ogliastra region

~1,500 quantitative traits assessed thus far, with a strong
emphasis on immune parameters and including
anthropometric, haematological and cardiovascular measures.

Longitudinal study — repeated (and new) measurements
every ~3 years

~6,600 samples genotyped with 4 arrays (OmniExpress,
Immuno-, Metabo-, Exome- lllumina BeadChip)



Key ingredients of the project:

* Deep extraction of the genetic information



The Sardinian DNA Sequencing Project



The sequencing project: goals

« To provide a more comprehensive representation of
genetic variation in Sardinia

* To detect Sardinian founder variants not present in
available GWAS arrays and in publicly available
Imputation panels

* To incorporate in one step both the detection and fine

mapping experimental stages in sequencing based
GWAS.
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Milestones in 4 years:

More samples, more SNPs

Confirmed sites in dbSNP 135

Novel sites
10.4M 10.7M
Ts/Tv Ts/Tv
218 2.15

Jul 2010

Sep 2010
186 226

13.3M

15.7M

17.6M

23.1M

Ts/Tv
2.33

Dec 2010
505

Ts/Tv
2.37

Sep 2011
1146

Ts/Tv
2.39

2120

Ts/Tv
2.39




Our low pass sequencing
imputation strategy

Sequencing Reference panel
3,514 samples > 2,297 unrelated samples

at low pass coverage(4X) 23M SNPs

15,000 samples
23M SNPs

Genotyping high density

Phased haplotypes
arrays > 15,000 samples
15,000 samples ’

900k SNPs 900k SNPs
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Height-reducing variants and selection for short stature in
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The example of immune traits



Multiple Sclerosis
prevalence in Europe
and in some
Mediterranean
countries

B High risk
Moderate risk
B Low risk

Pugliatti et al (EBC), Eur J Neurol 2006




Goal:

« QOur main goal is to use genetics as a tool to dissect the
biology of autoimmune diseases, with a special
emphasis on multiple sclerosis.

* Genetic associations with disease reveal clues about
mechanisms and pathways that are typically much
stronger and robust than can be had from epidemiological
studies, and provide also information about
environmental exposures.



Our strategy:

« Searching for coincident associations between genetic
variants controlling the circulating levels of quantitative
traits (immune cell, antibody, cytokine blood levels) and
affecting the risk for diseases.

 For example, this can reveal that variation in gene X
modifies risk of disease Y by changing immune cell
population Z.

 This approach is distinct from hypothesis-driven
comparisons of cases and controls, which can be
hampered by limited a priori knowledge and affected by
second-order effects



Number of individuals

Number of indviduals

Quantitative trait



The Immune cell Project analysis
based on fractionation of immune
cell subtypes by FACS



Associated Genetic Variants
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What have we measured in our
first attempt?

« We measured 95 cells types, and considered
absolute cell counts, but also percentage respect
to parental and grandparental lineages.

« A total of 272 quantitative traits were available
for analyses, broadly divided in the following
classes:

» 87 General leukocyte sub-populations (B and T cells,
Natural Killer, Monocytes and so on)

= 35 T-regulatory cells
* 19 Dendritic cells

» 131 T cells maturation stages
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Density

Heritability

W All (N=272)
W cDCs(N=19)
B General leukocytes (N= 87 )

T cell maturation stages (N= 131)
B Tregs (N=35)
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Are the same DNA variants associated with
these quantitative traits also associated
with immune-related diseases?



uantitative traits
ociation results



An example:
a type 1 diabetes (T1D) locus
correlated with a specific cell type
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Genetic Variants Regulating Immune
Cell Levels in Health and Disease
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What are we measuring now?

* 47 new cells subtypes (for a total of 119 quantitative traits and 241 MFI) in
~ 4,000 samples (including ~ 300 subjects >90 years old):

= 22 B cells sub-populations (67 traits + 130 MFI )
= 8 Monocytes ( 19 traits + 52 MFI)

= 17 Myeloid Derived Suppressor Cells -MDSC (24 traits + 59 MFI)
Assessment of >25 inflammation factors and soluble molecules on the entire
ProgeNIA cohort (~ 6,600 samples):

* 7 Immunoglobulin levels (1gG and subtypes, IgM, IgA)
e ~20 cytokines and chemokines (including sBAFF, sCD25, HVEM)



How many immune variables overall?

» 142 cell types, 383 cellular traits and 485 MFI
» 25 inflammatory biomarkers/cytokines

for a total of ~ 1,000 traits

that we will refer to as the
“blood immunome”

for genetic and age and sex-related effects.



How this information impact
ageing of the immune system
(immunosenescence)?

Immun®Agefng



Cell counts

Preliminary results:
examples of age and sex related changes in specific immune
cell numbers

NK CD45RA+ CD4+
p-value,, = 1.63x108 p-value,,, = 3.11x10'Y/
p-value,,, =2.01x1077 p-value,,, = 2.24x10°°

AGE ' ' : : AGE

Statistically significant age changes and sex-related differences
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HLA-DR+ T cells

Sex

Preliminary results:
traits affected by age and genetics
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Preliminary analyses on 3,500 ProgeNIA samples

Genetic map including 23M SNPs and significance threshold: p-value=5.26x1019
Samples stratified into four age intervals (18-40, 41-60, 61-80, and >80 yrs)
Statistical significance threshold for ageing effects: p-value=5x10*

#UC= Ulcerative Colitis
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Conclusions

*Quantitative traits, represented by the levels of most of the
Immune cell populations exhibit substantial heritability

WWe found a large number of genetic associations with these
guantitative traits and establish their impact on
Immunosenescence

Some of these variants coincide with previously and newly
detected autoimmune diseases associations and reveal key
players of immunosenescence.

*The data thus provide robust and unbiased hypotheses for
biological studies.
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