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Truth cannot contradict the truth

John Paul Il

Message to the Pontifical Academy of Sciences
on Evolution (22-10-1996):

| am delighted with the first theme which you
have chosen: the origin of life and evolution—
an essential theme of lively interest to the
Church, since Revelation contains some of its
own teachings concerning the nature and
origins of man. How should the conclusions
reached by the diverse scientific disciplines be
brought together with those contained in the
message of Revelation? And if at first glance
these views seem to clash with each other,
where should we look for a solution? We know
that the truth cannot contradict the truth. (Leo
X, Providentissimus Deus).

o
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In the beginning was the logos (John, 1,1)

Benedict XVI
Meeting with the representatives of Science,

Regensburg 12-9-2006)

Modifying the first verse of the Book of
Genesis, the first verse of the whole Bible,
John began the prologue of his Gospel with the
words: "In the beginning was the Aéyog". This
Is the very word used by the emperor: God
acts, ouv Aoyw, with logos. Logos means both
reason and word - areason which is creative
and capable of self-communication, precisely
as reason.

It Is to this great logos, to this breadth of
reason, that we invite our partners in the
dialogue of cultures. To rediscover it
constantly is the great task of the university.
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reason and faith
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Prologue by José Morales in: Pablo Blanco Joseph
Ratzinger, Vida y Teologia Rialp 2006

Reason and faith are united with an intrinsic reciprocal
connection, i.e. both are related from within to each
other. The relation between reason and faith is
analogue to that between philosophy and theology,
between nature and grace. This all proceeds and finds
Its justification in the two natures which exist in the
iIncarnated Word: the divine and human nature which
IS assumed in the unique divine person of Jesus.

CSR: Culture, Science and Religion What about Adam & Eve? 16-8-2014
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Friends of Gods
(homily Human Virtues)

nr. 74 (...) because human
virtues constitute the
foundation for the
supernatural virtues.

nr. 91 The human virtues are, |
Insist, the foundation for the
supernatural ones. These In
turn provide us with constant
encouragement to behave as
good human beings.

What about Adam & Eve? 16-8-2014



reason and faith

optimistic view on human capacity:

Theology is enriched by science (intellego ut credam)
Science is enriched by theology (credo ut intellegam)

some examples:

Galileo:

Theology is confirmed in the conviction that the Bible is not a
science textbook

creation in 6 X 24 hours:

Never proposed by the Catholic Church.
Theology teaches that there is causality
from outside time. Physics provides
meanwhile evidence herefore.

Adam and Eve
Are all human beings descending
from a single couple? See the following!

CSR: Culture, Science and Religion What about Adam & Eve? 16-8-2014
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Genesis, chapter 1, Jerusalem
Bible

1. In the beginning

God created heaven and
earth.

with other words:

Heaven and earth have a beginning. B

Heaven and earth are created.

There is a creator: God who Is
transcending (standing outside)
heaven and earth.

\ ‘ CSR: Culture, Science and Religion What about Adam & Eve?
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creation of man |
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Genesis, chapter 1, Jerusalem Bible
26. God said, 'Let us make man in
our own image, in the likeness of

ourselves, and let them be masters

of the fish of the sea, the birds
of heaven, the cattle, all the
wild animals and all the
creatures that creep along the
ground".

with other words:
Man is created directly by God.
Man is created as image of God.

Man has a preferential position in
creation: he is master.
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creation of man |l

Genesis, chapter 2, Jerusalem Bible
7. Yahweh God shaped man from
the soil of the ground and blew the
breath of life into his nostrils,

and man became a living being.
e

with other words:

Man is created in a two-step process:

1. materials aspect: soil of the ground
or perhaps biological organism;

2. breath of life: something different
from the material world: soul.

A
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creation of man - woman: Adam - Eve

Genesis, chapter 1, Jerusalem
Bible

26. God created man in the
image of himself, in the [
image of God he created
him, male and female he
created them.

31. God saw all he had
made, and indeed it was
very good.

with other words:

Man and woman are < P
created directly by God, they have
equal dignity as image of God.

The creation is very good.
&
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The first sin

Genesis, chapter 3, Jerusalem Bible
3 But of the fruit of the tree in the
middle of the garden God said,
"You must not eat it, nor touch it,
under pain of death.”

6 The woman saw that the tree

was good to eat and pleasing to the
eye, and that it was enticing for the
wisdom that it could give. So she
took some of its fruit and ate it. She
also gave some to her husband who
was with her, and he ate it.

with other words:

Man and woman in paradise did not
respect the one and only command
of God they had to obey.

CSR: Culture, Science and Religion What about Adam & Eve? 16-8-2014



The first sin

Genesis, chapter 3, Jerusalem
Bible

23 So Yahweh God expelled
him from the garden of Eden,
to till the soil from which he
had been taken.

24 He banished the man, and
in front of the garden of Eden
he posted the great winged
creatures and the fiery
flashing sword, to guard the
way to the tree of life.

with other words:

Adam and Eve (and their descendant)
were punished by expulsion from para-
dise and loss of friendship with God.

CSR: Culture, Science and Religion What about Adam & Eve?




St. Paul: the conseguence of first sin

St. Paul: Romans, chapter 5, Jerusalem Bible
12. Well then; it was through one man that
sin came into the world, and through sin
death, and thus death has spread through
the whole human race because everyone
has sinned.

14. Nonetheless death reigned over all
from Adam to Moses, even over those
whose sin was not the breaking of a
commandment, as Adam's was.

with other words:

Consequences of sin have spread through
the whole human race.

The consequences of sin are for all, even if
the individual had not committed sin.

CSR: Culture, Science and Religion What about Adam & Eve?
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St. Paul: Romans, chapter 5,
Jerusalem Bible

18. One man's offence brought
condemnation on all humanity; and
one man’s good act has brought
justification and life to all humanity.

21. so that as sin's reign brought
death, so grace was to rule through
saving justice that leads to

eternal life through Jesus Christ our
Lord.

with other words:

The consequences of sin have been
quitted for all by one single person:
Jesus Christ, the new Adam.

é‘,: CSR: Culture, Science and Religion
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dating by fossils

e origin 5 - 8 Millions of

g
§ years
3 . .
§ * in total 8 Homo-species
3 GouthAfic and 14 non-Homo-species

* some lived simultaneously
« all extinct, besides Homo
sapiens

“ . . . . .
U kg e i - Homo sapiens: origin in

(Ethiopia) Australopithecus species that have populated the .
anamensis planet—some known only by a i .

i s plancsome knows oy by Africa, £ 200.000 ago
tree suggests, the emergence of H.
sapiens has not been a single, lin-
ear transformation of one species
into another but rather a mean-
dering, multifaceted evolution. 16-8-2014




dating by fossils

about 25 species!
complex pattern

dates in agreement
with man-
chimpansee
divergence obtained
by DNA

CSR: Culture, Science and Religion

Homo sapiens

Neanderthaler

Floresmens

Heidelbergmens

Homo erectus
complex H. erectus

H. antecessor

What about Adam & Eve?

Homo ergaster H. georgicus
P. robustus
P. boisei H. habilis
Vroege
Robuuste  Homo-soorten
Australopithecines x
Australopithecus
Paranthropus africanus
asibppiEds . A. afarensis
Graciele
Australopithecines
Slecht bekende

vroege homininen

j_!

200 k

3,5M
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cross-section of a cell

plasma cell
membrane

endoplasmic
reticulum

nucleus

golgi

mitochondria part of DNA In
lysosome the cell nucleus
or mitochondria

ribosome
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Richard Durbin 2014

wellcome trust

s'sanger

Institute

On the polygenic origin of humanity

Richard Durbin
Wellcome Trust Sanger Institute
rd@sanger.ac.uk
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Richard Durbin, Introduction

“Can the polygenic origin of humanity be
really considered a well-established scientific
conclusion on the basis of today’s data?”

Approach: Use genome sequences
to consider the patterns of ancestry
relating modern humans, and our
living and extinct relatives. &/ e e

Guanine Cytosine

Sugar phosphate
backbone
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Richard Durbin

The era of sequencing

genomes

Size Genes Completion

(Mb) date
H. influenzae 2 1,700 1/1kb Bacterium 1995
Yeast 13 6,000 1/2kb Eukaryotic cell 1996
Nematode 100 18,000 1/6kb  Animal 1998
Human 3000 20,000 1/150kb  Mammal 2000/3
Chimpanzee, Orang-utan, Gorilla, Bonobo 2007-12
1000 Genomes Project: 179/1,094 humans 2010/12

CSR: Culture, Science and Religion What about Adam & Eve? 16-8-2014
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Richard Durbin

Between 2000 and 2010 DNA
sequencing costs dropped by five

orders of magnitude

I Baseline information

Moore’s law for computers

Cost of com{)auting
(Moore’s law)

$ per million DNA bases

1 v 1 . 1 . |

L] L]  § L |
1999 2002 04 06 08 10
Source: Broad Institute

Cost of genome sequencing compared with

Log scale
100,000

10,000
1,000
100

10

1.0

0.1

We now sequence individual humans/animals for a few thousand dollars

CSR: Culture, Science and Religion What about Adam & Eve?
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Richard Durbin

rafNCBI3E
Venter
Watson

refHCRI3E
Venter
Watson

rafNCBIZE
YVernter
Watson

refHCBI3E
Yanter
Watason

refNCBIZE
Venter
Wat=on

refHCBI3E
Vanter
Wataon

rafMCBI36
Vanter
Wat=on

rafNCBI36
Venter
Watazon

rafNCBI36
Vanter
Wat=on

Icf1u5 36
nter
Hatsa:

CSR: Culture, Science and Religion

BEA1
BEA1
BEA1

2001
3001
3001

9121
2121
9121

9241
9241
9241

9381
9381
893581

ELLER
ELLER
9431

9601
2601
9601

9721
9721
2721

2B41
3B41
3B41

95851
33481
3541

Human genomes differ at ~1/1000

sites

CC T e TR G T T AAC T A T T T T O T e T A G L T O R G TAGCTGEEAT TACA EGC EAGC GO CACCACAC CTGECTAR T TT TT TG TAT TTT T TTAGT AGRGACGEEETTTITE

CLRCETTEECCAGEETGE TC T TGARC TOC TEACC TCAGETGATC TGO OGO T TG C TCCCARAGTEL TEEGAT TAC RGETGTEAGCT ACCGOGC TTAGOCCASTGATASAG TTTTTGT

TECCARRACAARRCAT AT CARCATATGATAGC TC TAA T AN AR TG TG T TIC T I TG I TC TCATAAT TICAGTAGC TEARCTATEC TOCATI TCATCTCTAAMACAGRAA TAR TCTGTAC

CTICTIGAGTE AAMCEAMTOAMAGCAAR AT AR TAT T TAT AT TAG TG AAGAGARAGC TTAGGARAAA AT GRAGAAGATGCTTTAGAAA TCTTAAAMATAGCTITAATAATA

ATACTITATTATT TTARAGARTGTAGGCAGTIGTGAT T TT TTCCoCCARACAT T TCAT CAGRGAGCAGAAARGG T GCTE CCARA T TG CAGAC T TOCACATGAAMGAT TICASTATGCIAGS

TR GGG TG T TeC T T T CACAATGRATGATCTCCT T T TG CARTCAATTT T TG ARGT T T TCT TTTTAT T TATTC TATGTARTAL

TTTGECTACATETAN 3 bl”'(:}n bases per geane

50 ~3 million differences per compariSon.....oummnme

TACAGIGTITTACAACT TACT TGRCCRCARMAC T TT ITC ICGIGGICT TG T TGT TACTCAGAAC T CAAATCTITTGAATI TRCARAT GAMC AGAAMCGRCAGCARA TGS TTATTCAR

BGCARTATAGCAGTTTATITARAGAACTEGACTTEARTTA
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9720
3720
3720

10000
10000

10000
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Richard Durbin
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Pilot project 179 samples (Nature 2010)
Phase 1: 1,092 samples (Nature 2012)
Phase 3: >2, 500 samples sequence complete

~100 per population: 4x Whole Genome Shotgun + Deep Exomes

CSR: Culture, Science and Religion What about Adam & Eve? 16-8-2014



Richard Durbin

How are our genomes
related?

« \We each inherit one copy of the genome
from our father, and one from our mother

 These are each a mosaic of pieces from
our grandfather and grandmother, by
recombination

A
%= CSR: Culture, Science and Religion What about Adam & Eve? 16-8-2014



Richard Durbin

How are our genomes
related?

« We each inherit one copy of the genome
from our father, and one from our mother

* These are a mosaic of pieces from our
grandfather and grandmother, by
recombination

* One can follow the history of pieces back
through the generations

A
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Richard Durbin
Genome relationships in a

population
Case study: Kuusamo

— Historical records
« Settled by 34 families in 1680s

« Very little immigration after initial
settlement

« Current population ~20 000

oy _*'u;_-l ’
i g -'z:.}.;:g i3
I 5 TE

=
F

o
— Best fit model to genetic data
Chromasemes present and discovered Population Size
« 100 founders: 200 genomes P
« Current population : 25000
descends N 2009 ,.-

E® 15000
from 95-120 of 200 founder  © 10000
copies at each place on the "1, s z

a4 | Disoover [' = - , . .

genome oW s s = 4600 1700 1800 1900 2000
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Richard Durbin

Minor aside: limits of
Inheritance

There are around 60 recombinations per
generation

— S0 60N pieces from N generations ago
But there are 2N ancestors N generations
ago

At 10 generations we inherit about 600
pleces from about 1000 ancestors

Beyond 10 generations we inherit no
DNA from most ancestors

o CSR: Culture, Science and Religion What about Adam & Eve?
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The molecular clock

Single chromosome mutations
-~ I

Deletion Duplication Inversion

The molecular clock (based on

the molecular clock hypothesis) is a
technique in molecular evolution that
uses fossil constraints and rates of .
molecular change to deduce the time
in history when two species e
diverged.

I I [
E

[
|

|
I
i Chromosome 20
|
I
|
|

e —e

Chromosome 4 Chromosome 20

The molecular clock gives only a
relative time as it is dependent on the ™™

Translocation

mutation rate. It can be calibrated by crranazome 29 amosome 2

the present experimentally obtained

mutation rate. ”
lllustrations of five types of B
chromosomal mutations. S
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Richard Durbin

T AP LR |

XXX XXX X XXXXXXX
10% 35% 3%

Going back further in time,
At any one site we are related by a tree

At each point in the
genome we are
descended from a
common ancestor

Mutations since the
common ancestor give
rise to genetic variants
shared by the
descendants, marking the
piece of DNA that the
mutation occurs on

Each mutation makes a
new allele, with an allele
frequency in the
population

CSR: Culture, Science and Religion

What about Adam & Eve?
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Richard Durbin

But the tree changes along fhe
genome

« At each locus there is a tree

« Ancestral recombinations change the tree as you
move along the genome

« The resulting Ancestral Recombination Graph
describes the way that individual sequences in a
sample are related

a.C.G.A. 000 I—‘|——‘P_‘ ’—k:‘T ;
b.T.G.C. 101 ‘ 5

c.T.A A. 110 R

d.T.A.C. 111 ‘ |

abcd a bcd a bcd

ARG

 The most recent common ancestor also changes,
many times along the genome

v; - CSR: Culture, Science and Religion What about Adam & Eve? 16-8-2014



Richard Durbin

Special cases: Y and MT

 The Y chromosome (~1% genome) is
iInherited by men from their father, without
recombination

« The mitochondrial chromosome (MT,
~0.001% genome) is inherited by each
person from their mother, without
recombination

« These each have their own tree, and
(different) common ancestor, alongside
the millions of different trees for the rest of
the genome

A
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Human
Chimpanzees
Gorilla

Crang-utan
Gibbons

Old World monkeys
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Richard Durbin

Many crossbreeding homnins
within the last million years

Denisovans
Modern humans Neanderthals

D.l. Denisova

" 20,5, Altal
Asia_ 4} \ Vindija
Europe Mezmaiskaya
N.L.
Africa —< —

Potential
unknown

~600,000 yrs hominin

~1,000,000

Figure 8 | A possible model of gene flow evénts in the Late Pleistocene. The
direction and estimated magnitude of inferred gene flow events are shown.

“The complete genome sequence of a Neanderthal...”, Prufer et al., Nature 2013
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A=

A

Richard Durbin, summary

Summary

« At any one place in the genome, modern

humans are related by a tree, with a most
recent common ancestor (MRCA)

« But the tree, and MRCA, are different in

different parts of the genome
— Over 100,000 different MRCAs

+ Most MRCAs predate the split from

archaic extinct hominids such as
Neanderthals

— Some predate the split from chimpanzees
and other apes

CSR: Culture, Science and Religion What about Adam & Eve?

page 37
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Richard Durbin, summary

Conclusions and options

« Any attempt to separate all the DNA in
humans from that in animals passes
through many individuals
— Only if we select a small fraction of the

genome can we discuss a monogenic
origin

 Modern humans have only been an
isolated species for around 30,000
years
— We need to consider the position of archaic

hominins with whom we share multiple
common ancestors, if not the extant apes

A
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Richard Durbin, summary

General points

* From the point of view of biology, some
units represent true discrete objects,
others useful descriptive concepts

— True objects: nucleotides, mutations,
individuals

— Useful concepts: genes, species

« Compare to the relationship In
geography between heights and
contours as true physical
measurements, and mountains as a
useful concept

A
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Council of Trent
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If any one asserts, that this sin of
Adam, -which in its origin is one,
and being transfused into all by
propagation, not by imitation, is in
each one as his own,- Is taken
away either by the powers of
human nature, or by any other
remedy than the merit of the one
mediator, our Lord Jesus Christ,
who hath reconciled us to God in his own blood, made
unto us justice, sanctification, and redemption; [...] let

him be anathema.
The Council of Trent, 5th Session, Decree concerning Original Sin
(June 17, 1546).

CSR: Culture, Science and Religion What about Adam & Eve? 16-8-2014
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Pius Xll, Humanae generis (1950)

For the faithful cannot embrace that
opinion which maintains that either after
Adam there existed on this earth true men
who did not take their origin through
natural generation from him as from the
first parent of all, or that Adam represents a
certain number of first parents. Now it is in
no way apparent how such an opinion can
be reconciled with that which the sources
of revealed truth and the documents of the
Teaching Authority of the Church propose
with regard to original sin, which proceeds
from a sin actually committed by an
individual Adam and which, through
generation, is passed on to all and is in
everyone as his own [Cfr. Rom., V, 12-19;
Conc. Trid., sess, V, can. 1-4].

CSR: Culture, Science and Religion What about Adam & Eve?
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Pius Xll, Humanae generis (1950)

For the faithful cannot embrace that
opinion which maintains that either after
Adam there existed on this earth true men

relevant part:

firs#parent of all, or that Adam represents,a  related to dogma
gertain number of first parents. Now it is in on original sin

no way apparent how such an opinion can

be reconciled with that which the sources /

of revealed truth and the documents of the

Teaching Authority of the Church propose

with regard to original sin, which proceeds

from a sin actually committed by an

individual Adam and which, through

generation, is passed on to all and is in

Rveryone as his own [Cfr. Rom., V, 12-19;
CORg. Trid., sess, V, can. 1-4].
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Pius X!i, Humanae ycneris (1950)

or the faithful cannot embrace that
opinion which maintains that either after
Adam there existed on this earth true men
who did not take their origin through
natural generation from him as from the
first parent of all, or that Adam represents a

ertain number of first parents. Now it is in

of revealed trutireme=tae=-gerctments of the
Teaching Authority of the Church propose - _
with regard to original sin, which proceeds conditional part'
from a sin actually committed by an not related
individual Adam and which, through directly to dogma
generation, is passed on to all and is in

everyone as his own [Cfr. Rom., V, 12-19;

Conc. Trid., sess, V, can. 1-4].
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Pius Xll, Humanae generis (1950)

comment of Mariano Artigas
Scripta theologica, 32 (2000/1) 243-267

It is plain from this text that the Magisterium of the
Church does not intends to support the
monogenism for itself, and in fact she does not
have made of it the content of any explicit definition
as a dogma of faith: Commonly it is accepted that
Pius Xll in the text just quoted intentionally avoided
to close the door to future developments. The
Church is interested in monogenism only as far as it
Is related to the sources of revelation, and the teaching of the
original sin and redemption. In the last decades there have been
several attempts on the part of some theologians to interpret the
original sin and redemption in a way compatible with the
polygenism. One cannot say that for now one has reached a really
satisfactory explanation, but one can neither completely exclude
that this will succeed once.

CSR: Culture, Science and Religion What about Adam & Eve? 16-8-2014
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Compendium of the Catechism (2005)

Original sin, in which all human beings are born, is
the state of deprivation of original holiness and justice
It is a sin “contracted” by us not “committed”; it is a
state of birth and not a personal act. Because of the
original unity of all human beings, it is transmitted to
the descendants of Adam “not by imitation, but by
propagation”. This transmission remains a mystery

which we cannot fully understand.
Compendium of the Catechism of the Catholic Church, nr. 76

After the first sin the world was inundated with sin but
God did not abandon man to the power of death.
Rather, he foretold in a mysterious way in the “Protoevangelium”
(Genesis 3:15) that evil would be conquered and that man would be
lifted up from his fall. This was the first proclamation of the Messiah
and Redeemer. Therefore, the fall would be called in the future a
“happy fault” because it “gained for us so great a Redeemer”
(Liturgy of the Easter Vigil). nr 78.

CSR: Culture, Science and Religion What about Adam & Eve? 16-8-2014
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Conclusions |
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A

-- There is strong scientific evidence that any attempt to
separate all the DNA in humans from that in animals
passes through many individuals.

-- There is no dogma of faith in the Catholic Church that
all men descend from two individual, historic persons
called Adam and Eve.

-- It is dogma of faith: Original sin, in which all human
beings are born, is the state of deprivation of original
holiness and justice.

-- It remains an open question whether Adam & Eve
were a single couple or group of persons.

CSR: Culture, Science and Religion What about Adam & Eve? 16-8-2014
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-- Science may provide new insight about the origin of
man.

-- Theology may gain deeper insight in the fall of the
first humans and the transmission of original sin by
taking in account results of scientific research.

-- Both, theologians as well as scientist should
cooperate to find the truth, each of them in their own
field of competence.

-- The evidence for monogenism or alternatively
polygenism should be elaborated in a joint effort of
scientists and theologians.
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