Rabbi Joseph Kelman ob”m April 1,1927-June 27, 2009 (0"own ,1imn 'n) i Ei l
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The Genetic History and
Future of the Jewish People

Is there a Jewish People ? DO

| i

Can we learn about human history from DNA?

What can we learn about the past history of Jews
from the DNA of contemporary Jews?

Are there societal, political, legal, health, halachic
implications that might impact on the future?

Back to the future!



Case 1

30 year old Israeli woman is to marry an Israeli Jewish man in Israel. The woman
immigrated at the age 12 from the Ukraine under the “Law of Return”. There is
documentation for Jewish identity of her paternal grandfather, but no
comparable record as her maternal side.

The Rabbinical Courts in Israel refuse to grant a marriage permit. She carries out
private DNA testing which shows that her mitochondrial (maternally transmitted)

DNA is of the K1lalbla sublineage shared with 1.5 millions of established Jews,

while was found only in one non-Jew(?) subject from west Ukraine in a 13500
non-Jewish European sample set.

i Does the woman need conversion?



Case 2

26 year old religiously observant Kohen (AA) was introduced to the 22 old
year daughter (BB) of a Kohen (CC), who had married a divorcee, rendering
the daughter halachically a “Chalala” and hence forbidden to marry BB.

AA asked the following question: if Y chromosome DNA marker testing shows
that AA and CC come from paternal genealogic lineages which diverged long
before the time of Biblical Aaron HaKohen, then one or both of us is not from
the “seed of Aaron”.

F Is the scientific rationale valid?
E Are there halachic implications?

Secondary question: How many Kohanim are needed for a valid Pidyon HaBen



The Genomic History of the Jewish People

Is there a Jewish People ?

Shlomo Sand
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A JEW
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— “Indecent Proposal”
SHLOMO SAND Book Review

January 9, 2010




The Genetic History of the Jewish People
Is there a Jewish People ?
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Can we learn about
' human history from DNA?
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« DNA marker evidence indicates that all humans
are part of one extended family

 DNA marker evidence indicates that Jews
scattered across most Diaspora communities are
members of a branch of this extended family
originating in the Near East ~ 3,000 years ago

But more complex than that!




hepower

"DNA:

Biological Sciences
Medical Genetics

Genetic Archaeology:

Genetic Anthropology: Human Origins

Population Genetics: Demographics, Communities

Genetic Genealogy: Families, Lost Relatedness, Forensics —
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The Double Helix

Genetic Code is a sequence of paired
biochemical “letters” A, C, G, T

Separating
e strands of



DNA Replication

Precise —> no errors

boring world full of identical copies of
same sequence

Errors — richness of living diversity

price: illness X9 NI9AI..

...and you shall surely heal
Exodus 21, 18

k’{g RAMBAM
" Health Care Campus

ol 'Y



Mutations and Markers

Most (~95%) errors in DNA
replication are “silent”: Do not
cause differences in appearance or
behaviour or disease, but they can

be detected asimarkers)by DNA
analysis

These markers are used in
Population Genetics to trace
ancestries and to map real
disease causing mutations




STRs:
TWIG MARKERS

Twigs on a given Branch define
GENEALOGIC LINEAGES

SNPs:
BRANCH
MARKERS

“For man is but the tree of the earth” . cconomy 20:19




Location of Genomic DNA Markers

Chromosomes in nucleated cells

mtDNA (outside of nucleus)

TTTLLLD

13 14 18 18
IR LEL N
17 18 19 20 21 22 3 v

Adapted from Dinour

«NA Y Chromosome markers only in males

. # Mitochondrial markers only transmitted by females



Reconstructing Ancestry

Individuals who share the same set of markers for a given
DNA region share a common ancestry at that genomic region

If the markers are on the Y-chromosome — shared paternal ancestry

If the markers are on mitochondrial DNA — shared maternal ancestry



“And take unto thee, Aaron thy brother, and his sons with him, from among the children of
Israel, that he may minister unto me in the priest’s office...” Exodus 28,2

http://www.jewsnews.co.11/2014/05/19/the-fascinating-jewish-story-behind-the-star-trek-vulcan-salute/
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Aaron past

~350,000 Cohanim (Jewish Priests)
Non-Ashkenazi Ashkenazi

present

HYPOTHESIS: Y-chromosomes of historically and
geographically dispersed Cohanim should be more alike
than Y’s of other groups and more alike than are their
autosomes

(p.s. anyone can do this today and check in 100 generations)
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SCIENTIFIC CORRESPONDENCE

Y chromosomes of Jewish priests

Sim — Accarding 10 hibjical accoants, 1he
Jewish priecthood was established about
3300 years age with the appomiment aof
the firs1 leraelite bigh priest. Designatioa
of Jewish muks 1o the priesthood con-
tinases b this dlay, and is determined by
strict patriineal descent, Accordingly, we
sought and found cleer differenees in the
Trequency of Y<chromesame Raglotpes
nemeen Jewish priests ad their lay
counterparts, Remarkably, the difference
& obgervable in Both the Ashkenaic
and Sephurdic populstions, degpite (he
geigraphical  wpuraticn of e o
commmnitios.

The haman Y chramosomse has useful
properties for sindies of molecular evoki-
thonl”, Exvept for the pseudo-autosomal
region, t & inherited paternally and does
aol reoombing. B can be wsed to consint
patrilmes] penealngy cladograms cample-

than putemal descent by which male Jews
are signed to the presthood. Identifica-
tian as & priest camies with it certain social
and refigions obiigations which have tend-
od to preserve thes identity within Jewish
communitics. Hased on surveys of Jewish
!EI'DHEF:" glﬂ\t\'ll'-Tlﬁ. i"l'.‘il! I'Elﬂ'l:ilfm
apprcoimtely 5% of the cstmated otal
male workl Jewssh population of roughly
T milfion (dats not shoun).

We identified haphatypes of 188 unre-
literd Y chromsomes using the poli-
merze chain seaction (PCR ) applied to
penoenic DNA solated from Bucesl
ol swzh sampies from lsraell, Noh
American and Hritish Jows, We construet-
el haplntypes wsing first, the presence or
absence of the Y Alu polymarphc {YAP)
insart, thought to represent a unigue svo-
lticerany event dated 1o bermeen 29,000
and 340,000 years ago"; and second, a
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st we found po significant difference in
the distribution of alleles for the noa-Y-
cheomesome Jocus polymerphise D15151
{data wot shown). These Y-chromosome
haplotype differences confirm a distinct
paternal genealogy for Jewish prests.

We farther identifiec subjects as heing
of Ashkeaszic o Sepherdic sogm, Thi
reders 1o the o chiel, separale commmne
ties which develiped within the diaspara
duriag the past illenaium’, As shiwn m
the tebile, b same haplotype distinction
can be made bemween prieses and lay
minbers within cach popolation. This
el i consisient with an origie for the
Jewsh priesthood antedating 1he diviion
of wodd Jewsy ivto Ashkenazic and
Sephardic communitize. and is of particu-
lar isderest in wew of the proncunced
penchic dhepity displeped hebween the
wa communities’, This conclusian i fur-
ther supparbed by the relstive preponder-
ance af the YAP-, DYS198 hapliotype in
bath populabions. seggesting that this may
have heen the founding modal haplatype
of the Jewish priesthood.

Takes together, vur findings defise a
setof Y chromasoees of receat common
arigin. Differences which have accumulat-
ol in the gencenic IINA of the Y chrome-
omes of Jewish priests daring the
Telatively short time since the establish-
ment of the priesthood, should be usehul
in defining raes and meckanisms of Y-
shramesome esoiition,

Karl Skorocki

Sara Sellf

Shrago Blazer

fruce Rappepont Faculy of Mediane and

Resaarch instinte and

Rambam Meckoal Centre,
Tectwonisrae institute af Technaioey.

J-P58* (u-1¢) }gg;';'"ﬂ
J-M410*

J-M12

J-M318

R-M269

/a1l

*A remarkably limited number of Y-chromosome
lineages shared among Kohanim from

tempBraIIy and geogra-phically dispersed Diaspora
communities

*The largest such branch coalesces to a
founder ~3,200 ybp with a Levant origin and is
designated by a suite of markers defining the
signature: “Cohen Modal Haplotype” (eCMH)

= Consistent over more than 20 years of
research which gave rise to several

consumer genetic genealogic companies:

=  FamilytreeDNA
=  National Genographic
=  many other




“Lost Tribes and Hidden Jews”
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Traditional History of The Lemba
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“Buba” led a group out of ancient
Judea - to settle in the city of
Senna in the Hadramout
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Traditional History of The Lemba

Several Centuries Ago,
A Boat of Jewish Men
Sailed From Yemen to
Southern Africa, Went
Inland and Married
Local Bantu Women.

i v o
. A




Y-chromosome
signatures
indicate that
many Lemba
and many
Cohanim share
highly resolved
Near East
paternal
ancestry

Could not
have guessed
by physical
appearance
nor by looking
at markers
outside of Y

ATLANTIC

NORTH

OCEAN ;

SOUTH

ATLANTIC OCEAN

......

Male
genealogic
relatedness
does not
necessarily
reflect
“genome wide”
relatedness nor
how each
individual will
respond to a
given
medication

Each Genomic Region has its own Evolutionary History



“Lost Tribes and Hidden Jews”



Are Ashkenazi Jews a “Lost Tribe?”
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Jewish Diaspora
from the Khazar Empire
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Y Chromosome (paternal ) Marker Branches in Ashkenazi Jews compared to
European non-Jews

Y Marker Branches in Ashkenazi Jews
Y Marker Branches in European non-

Jews

Eurasia >/\ Near East 12%
179,
e Rial*

Ashkenazi Jews: European Non-Jews:
Mostly Near East Branches Mostly Eurasian Branches
(J, E major founding; G, Q minor founding) (R1a1, R1b and )
ARTICLE SCIENTIFIC REP RTS

02 November 2017

Received 28 Jun 2013 | Accepted 13 Nov 2013 | Published 17 Dec 2013 OPEN

' The genetic variation in the R1a

Phylogenetic applications of whole Y chromosome clade among the Ashkenazi Levites’
sequences and the Near Eastern origin of . le*:’jfjﬂf“ i
Ashkenazi Levites i A S

Fer
S
The Rlal Carmi”, SMmiv' Ene M Con(m-" ?, Karl Sk 7, Mait ¥
5 Siiri Rootsi* & Richard Villems**
not of E
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Mitochondrial DNA Marker
Branches From Ato Z

An evolutionary tree
of selected human

matermal lineages. Rooted in Africa




A total of
11452
non-Jews

A total of
1694
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Four Founding Mothers of Near East
Provenance Gave Rise to ~40% of
Contemporary Ashkenazi Jews

One exclusive N1b
lineage ~10% of
Ashkenazi Jews
Coalescence: 721 ybp

Three exclusive K lineages
19+7+4% of Ashkenazi Jews
These mtDNA haplotypes are Coalescence: 742, 1971, 1971 ybp

of Near East origin




Ehe New York Eimes

NEV/ YORK, SATURDAY, JANUARY 14, 2006

Coapprbaht D T0E Ve N Virk Trowm

New Light
On Origins
Of Ashkenazi
In Europe

By NICHOLAS WADE

A now beoic ar tha DNA of the Azh-
kenazt Jewiah pooalation bas theown
Lahit e lis 2l mysterlous oviging,

Unttl sow, it hiad basn wkdaly re-
sumed Uy gencilcisss ihal il Ashie:
nozd commaritios of Northorn ‘aad
Cencral Eurcpe ware fourced dy
=moe who camg from the Middle
East, perbaps as traders. and by the

A study cails four
women the ancestors
of 40 percent of
Ashbenazi Jews.

women's oriplss

David Gabdseln, now of Duks Ual-
vetalty, reportsé in N2 thet tho mi-
tochundrial DNA of woniea i J=wish
sempvanitles arouzd the warkd, did
not seam 0 be Midde Easlén, aind
Lrxdecd cach cemmmanity bad its osm
gearcsic patem. 3ut in SOme cuses
the mitochondrinl DNA was cleacly
related to that of the hast comamaal-
.

Dr. Coldwusn axd hiz colengues
sappested ot e genesds of sad
Jowlgh community, isciuding!the

Connected by Amy Harmon January 22, 2006
Love You, K2a2a, Whoever You Are




Y and mtDNA both favour bottleneck explanation for

“Ashkenazi” disease alleles Cystic
Fibrosis

=>1300
mutations
worldwide

*Only 6
account for
>95% of CF
in Ashkenazi
Jews

@

22
29 g
original chance new population
»pOpUIathn Survivors Courtesy Hagit Baris



Bottlenecks

3,000ybp 2,000ybp <1,000ybp
Shared Shared Private
with with Ashkenazi
Near East on-Ashkenazj Idiopathic
LRRK2 in Jews Torsion
Parkinson’s Factor XI Dystonia

Deficiency



The 185delAG BRCA1 mutation originated before the
dispersion of Jews in the Diaspora and is not limited to
Ashkenazim

Revital Bruchim Bar-Sadel, Anna Kruglikoval, Baruch Modan4, Eva Gak?,
Galit Hirsh-Yechezkel4, Livia Theodor!, llya Novikov4, Ruth Gershoni-Baruch?,
Shulamit Risel®, Moshe Z. Papa®, Gilad Ben-Baruch® and Eitan Friedman*

Chromosome 17

) 17q25.2
| 17q24.3

17q24.1
= 17q23.2

! 17q22

1 17q21.32

BRCA1

17q21.2

1 17q12

— ==

17p12

-_17p13.2

Friedman, Ostrer et al. Ashkenazi BRCA1 Mutation 185delAG '-
mutation for breast cancer in New Mexican and southern
Colorado and other Hispanic communities
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Iberian Peninsula and Balearic Islands

AT HGas e
GA' | ] "\m"\"
INEC ] c o |

N 0
ARA
NPD B 0
'i’ MIN 20 A)~
: ] i By YN "AVINN
1 - i M2RD KD
5 3 e — | DIn DI
g ] B
] 1 TIN' KXINN
5 | ] S [ =
Ak ‘I’ =
!

2 <
-] h [
E8
msO—.%‘”_@
- al s
i o]

Adams et al. AJHG, 2008

Descendants of the Conversos



Y and mtDNA Haplotypes in Jewish Communities
Descendant from Iberian Ex1le
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Chueta of Mallorca
were designated as

Jewish in 2011 after
more than 500 years




“Lost Tribes and Hidden Jews”

Are we there yet?



Reconstructing Ancestry

Individuals who share the same set of markers for a given
DNA region share a common ancestry at that genomic region

If the markers are on the Y-chromosome — shared paternal ancestry

If the markers are on mitochondrial DNA — shared maternal ancestry



Each individual is a beautiful COMPOSITE of many
Ancestors and each Genomic Region has its own
evolutionary history

Easily evident in the Whole Genome

Now technologically, computationally, and economically practical
to also study the whole genome




Genome Wide View of World Wide Jewish
Diaspora Communities

G 14 Diaspora Jewish
enoome and more than 60
Wide non-Jewish

Communities

» Western and Eastern Europe:
Ashkenazi and Sephardi

» North Africa

» Near and Middle East

» India and Far East

» Hidden Communities



doi:10.1038/nature09103 nature

The genome-wide structure of the Jewish people

Shay Tzur
Guennady Yudkovsky

i i.r, /;a\ ';:‘
Richard Villems
Estonian BioCenter

Researchers from Eight Countries



Analysis of 500,000 Genome Wide Markers:

14 Jewish and 69 non- Jewish Populations

p—
Jews from
communities
covering > 90%
contemporary
—> = population
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Human Biology Open Access Pre-Prints Behar et al. 2013 WSU Press

8-1-2013

No Evidence from Genome-Wide Data of a Khazar
Origin for the Ashkenazi Jews




Ultimate Resolution = Whole Genome Sequence

ARTICLE
Received 24 Jun 2014 | Accepted 28 Jul 2014 | Published 9 Sep 2014 DOI: 10.1038/ncomms5835 OPEN

Sequencing an Ashkenazi reference panel supports
population-targeted personal genomics and
illuminates Jewish and European origins  camietal 2014

Time
1 (years ago)
= Contemporary
13,900 ’ Ashkenazi J CWiSh
Genomes descend
from 330 founders

~400 years ago

2700 = ~50% Near East and
R | 50%
" SouthernEuropean
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Ingatherlng of the Exiles

Mosaic or Tapestry?

People

Levant Origin with
Global Genomic
and Cultural

l

= Introgression

= Conversion

=  Admixture

= Evolutionary
Adaptation to
environment



Autumn 2009 — Haaretz supplement

“LOST JEWS”

» Genetics tells us that there is shared Jewish ancestry
throughout the globe
» However - finding lost Jews extends beyond genetics
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Indian Jewish Diaspora
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Torah Scrolls

Ancient Cochin




Bene Menashe children in a village in northeastern India
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Jews from the Clans of Chao (/eff), Al, Li, and Shih;
K'aifeng Conference, 1919
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Ethiopian Jews (Beta Israel)
Low Risk for Kidney Failure

What protects Ethiopian Jews from Kidney Failure?

Population Based Health and Disease Gene
Discovery




POPULATION BASED GENE MAPPING

Identification of Major Kidney Disease
Causative Gene - APOL1

Personalized Medicine
APO-test
Research progress with industry to target this gene 1. Kidney transplantation
product in preventing and treating the worldwide 2. Nephrotoxins

challenge of kidney and cardiovascular disease

V80

RAMBAM-CC 4
75 gesrs sf heating




PR M-
T Ll y Ui

Genetics as a “Mirror” of Demographic Future

» Changing Genomic Structure in Israeli Jewish Community

» Changing Genomic Structure in U.S. Jewish Community

»> Recovery of “Lost Jews” from remote communities



i SN
Tl yURE

Genetics as a “Mirror” of Demographic Future

» Changing Genomic Structure in Israeli Jewish Community
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Genetics as a “Mirror” of Demographic Future
» Changing Gen

" Dgress of féWilShuanceStfy into general POpation |
= Growth of a few communities with high levels of endogamy
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Genetics as a “Mirror” of Demographic Future

» Recovery of “Lost Jews” from remote communities

Number of Jews and people with affinity to Judaism around the world

60 Million

35 Mmillion
I 5 Million 9 wmilion & \ o
= 1 —

8 Million
Unrecognized People with Descendants Entitled to Israeli  Jews Jews
peoples with known of converts citizenship in Israel outside
affinity to Judaism affinities to under the Law of Israel
and Israel Judaism of Return

Source: Diaspora Ministry committee report

Michael Freund — Shavei Israel
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Genetics as a “Mirror” of Demographic Future

» Changing Genomic Structure in Israeli Jewish Community

» Changing Genomic Structure in U.S. Jewish Community

»> Recovery of “Lost Jews” from remote communities

> Future of humankind



Context: Genetic Future of Humankmd

Hershkovitz et al.

Science 2018 The earliest modern humans
0utsnde Africa
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Synthetic Genome

Venter, Glass, and Smith T Romesberg



Societal and Legal Considerations:
e.g. Jewish Identity




Biology and Jewish Identity

Paul Newman and Peter Lawford
Scholarly Discussion and Experimental Testing of
“Biological Phenotype Hypothesis”




Jewish Epigenomics






Harrison’s 19t edition
Chapter 335

Chronic Kidney
Disease

Nature
or
Nurture
or
Epigenome
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A Cultural
Epigenome




Talmudic view of

“genetic predeterminism”

“Strive to be a student™ of
Aaron:
love peace and pursue peace”.

* student rather than descendant

Hillel: Ethics of the Fathers




Molecular Medicine Laboratory:
Looking for Answers




Many students
colleagues and
collaborators
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Case 1

30 year old Israeli woman is to marry an Israeli Jewish man in Israel. The woman
immigrated at the age 12 from the Ukraine under the “Law of Return”. There is
documentation for Jewish identity of her paternal grandfather, but no
comparable record as her maternal side.

The Rabbinical Courts in Israel refuse to grant a marriage permit. She carries out
private DNA testing which shows that her mitochondrial (maternally transmitted)

DNA is of the K1lalbla sublineage shared with 1.5 millions of established Jews,

while was found only in one non-Jew(?) subject from west Ukraine in a 13500
non-Jewish European sample set.

i Does the woman need conversion?



T Am (Born) Jewish?
J

@ Transcendental feeling

@ Tay—Sachs mutation carrier on an incidental screen

@ Told by mother on her deathbed that she was born Jewish

@ Wanting to be not Jewish

I HOW |

STOPPED

B EING

A JEW

SHLOMO SAND
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My four Jewish mothers

Should | sequence my mitochondrial DNA to help me

4

achieve a greater level of certainty about myself 5




Mitochondrial DNA — Was I Born Jewish?

Natalia (arrived from
former Soviet Union
during 90’s)

Maayan (combat IDF,
granddaughter of Palmach fighter
frmom Kibbutz Mishmar HaEmek)

Shaindel (married to Rosh
Yehshiva in Bene Beraq)

\

Rachele
Braindel
Shaindel

Anna Shoshana
= Svetlana Noa

Natalia Maa}!an
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YCC
-2.4
-4.0 -2.0 0.0 2.0 4.0 6.0 8.0 10.0
PC1(94.37 %)
Y chromosome marker (DYS prefix)
Family 19 388 3891 389-T 390 391 392 393 426 438 439 YCAIla YCATb Haplogroup®
Cohen-1 14 12 13 18 24 100 1 B B W 19 19 22 E3b (M78)
Cohen-2 14 12 13 18 24 31 A1 13 1 W 19 19 22 E3b (M78)
Danfi-1 14 15 14 16 24 100 11 12 11 9 18 19 22 J2f (M172. M67)
Danfi-2 14 15 14 16 23 10 11 B2 11 9 13 19 22 12f (M172. M67)
Joshua-Marhiv-1 14 16 13 17 23 3 A I 1 1w Iy 22 22 T1 (M267)
Joshua-Marhiv-2 14 16 13 17 23 11 11 12 11 100 17 22 22 I1 (M267)
Joshua-Marhiv-3 14 16 13 17 23 11 1. B 1n 1w 17 22 22 I1 (M267)
Joshua-Marhiv-4 14 16 13 ¥ 23 11 11, B2 1 W 17 22 22 J1 (M267)
Tsedaka-1 14 15 13 16 23 10 11 12 12 8 20 19 22 J2* (M172)
Tsedaka-2 14 15 13 16 23 10 11 L2 1z & 20 19 22 J2* (M172)
Tsedaka-3 14 15 13 16 23 10 11 I 8 20 19 22 J2* (M172)
Tsedaka-4 14 15 13 16 22 10 11 12 12 8§ 20 19 22 J2* (M172)
CMH' 14 16 13 16 23 10 11 12 11 10 19 22 22 J1 (M267)
CMH? 1415 15/16 14 16 23 0 11 12 1 9 19 19 2223 J2* (M172)

Oefner et al. 2013
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