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The Neandertals “define” modern humans

How are we related to Neandertals?
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Artificial mummification was practised in Egypt from ~ 2600 BC
until the fourth century AD. Because of the dry Egyptian climate,
however, there are also many natural mummies preserved from
earlier as well as later times. To elucidate whether this unique
source of ancient human remains can be used for molecular genetic
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od to contain DNA that

vector. I report here that

— LETTERSTONATURE ————

CTCACARNTAKTTARAT

ATRAET CTTTTACTTTAMNATTGAGA

AAAGARAMITOOECC AGACKTOC TOCITC

cansepeuE G- = = = = m s 2l

CATCTCTATCAAMMAATARARN TARRARTTAGET

GO ATTAR T

mummy used for molecular DNA cloning. Ethidium bromide

staining allows the visualization of nucleic acids in the cell nuclei
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Fresh DNA

~1ug DNA
==s=:  per gram tissue

Ancient DNA

— ~0.0000001-0.0001ug DNA
per gram tissue



Contamination prevention




Alu sequences:

10 20 30 40 50 60 70 80
Consensus GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGCCCGATCAC--GAGGTCAGGAGATC
11:2 ; . .
12:2 «ATCA.TAAC.C..AAAAG..T
12:4
12:5 AL AL,

D loop:

Reference 16210-ACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAA—16254
Nekht-ankh

Region V:

Reference 8216-CTAGAATTAATTCCCCTAAAAATCTTTGAAATAGGGCCCGTATTTACCCTATAGCACCCCCTCTACCCCCTCTAGAGCCCA-8296
Nekht-ankh .e

Paabo, PNAS 1989.
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By P. Snowball, in “On the track of Ice Age mammals“, 1985.



RO Rt i, N
https://commons.m.wikimedia.org/wiki/File:Mamut_enano-Beringia_rusa-NOAA .jpg






Replacement Assimilation
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Krings et al., Cell 90: 19-30 (1997)




Chimps

Humans

Neandertals

~ 0,6 Myr
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High Throughput DNA Sequencing

~500 million bp; ~500 bp reads ~95 billion bp; ~150 bp reads



-

DNA extract

GenBank -

Target genomes

Direct
sequencing

: |

Sequence

Database
(70,000-250,000
sequences)



Vindija Cave, Croatia



Vindija Cave, Croatia

Vi 33.16; AMS date: 38, 310 +/- 2,130 BP



2005-2010

~500-fold ~200-fold
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2005-2010
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Patterns of DNA damage
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454 FLX/Titanium lllumina/Solexa GA,

200,848,155 1,135,450,518
fragments fragments




Human genome

Neandertal genome
(One-fold coverage)
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LUCSC Genome Bioinformatics
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http://genome.ucsc.edu/Neandertal/

Expectation:

Europeans should share
more variants with
Neandertals than Africans
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Neandertals




Good Neandertal Genomes!



Denisova Cave, Altai Mountains, Russia



From M.B. Mednikova (2011)



Double-stranded methods Single-stranded method

Meyer et al., Science, 2012.

www.agbt.org/speaker/matthias-meyer/

Matthias Meye
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High-quality Archaic Genomes

~50,000-120,000 years old

- Chagyrskaya Cave




Neandertal contributions
Chr.9

~1-2%
per person

Sankaramanan et al., Nature 2014.






30X genome



San Yoruba Neandertals! Denisovans

390-440 kyr
520-630 kyr

(u=0.5 x10°/bp/year)



“Denisovans’
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Two Denisovan populations contributed to East Asians!

Japanese (Tokyo)
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~50 kyr




Ust’Ishim

Pestera cu Oase

Bacho Kiro Cave

o S

@

Hajdinjak et al., Nature, 2021.



Oase Cave, Romania

From Milota $. et al., in: Trinkaus E., Constantin S. and Zilhdo J. (Eds.), Life and Death at the Pestera cu
Oase. Oxford University Press, New York, 2013.



Oase 1, Romania

Oase1 (41,860-36,950 cal. Bp)
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My Family Trege

© www.family-tree-template.org



Ust’Ishim

Pestera cu Oase

Bacho Kiro Cave

Hajdinjak et al., Nature, 2021.
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Hublin et al., Nature, 2020.




Batcho Kiro

~35,000 BP

~45,000 BP




~35,000 BP

Bacho Kiro BK 1653 (35,270-34,610 cal. 8r)
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Hajdinjak et al., Nature, 2021.



The first modern humans in Europe
Nenrided alstansiiddn withas

were pesiddiy Nddasst{adstially)

assimilated into larger
modern human populations
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Decreased inacativation
(when co-expressed with Navf33)
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Zeberg et al., Curr. Biol. 2020.



Decreased inactivation

Activation” I nactivation
gate gate

Fundamentals of Medical Physiology, Fig. 8.1 B,
©2018 Thieme Medical Publishers, Inc. All Rights Reserved



Decreased inactivation
(when co-expressed with Navf33)
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UK BioBank

362,944 individuals 1,337 (0.4%) czarry the Neandertal allele






UK BioBank

362,944 individuals( 1,337 (0.4%) carry the Neandertal allele

Specific pain phenotypes

Chest pain due to walking ceases when standing still
Knee pain for 3 months

Facial pains for 3 months

Neck/shoulder pain for 3 months

General pain for 3 months

Chest pain or discomfort

Back pain for 3 months

Chest pain or discomfort when walking uphill or hurrying
Chest pain or discomfort walking normally

Leg pain when walking normally

Leg pain on walking

Stomach/abdominal pain for 3 months

Leg pain when standing still or sitting

Hip pain for 3 months

Chest pain felt outside physical activity

Leg pain when walking uphill or hurrying

Leg pain in calf/calves

Leg pain when walking ever disappears while walking
Chest pain felt during physical activity
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UK BioBank

362,944 individuals, 1,337 (0.4%) carry the Neandertal allele

M932L+V991L+D1908G

M932L

OR (95%CI)
.04-1.29)

0.91 (0.69-1.20)

M932L+V991L
M932L+D1908G

Va91L

0.93 (0.74-1.16)

V991L+MB32L

D1908G

0.99 (0.86-1.14)

D1908G+M332L

T
0.8

| |
1.2 1.4

less likely to report pain

more likely to report pain

P-value

OR =1 OR = ORwmaaz +vag1L+p19086

0.0078 nfa

0.51 0.058

Zeberg et al., Curr. Biol. 2020.
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Thalamus
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From: https://www.britannica.com/science/ovulation.




A Neandertal variant
associated with preterm births

Zeberg et al., MBE 2020.

Progesterone receptor




Vindija Neanderthals,*® it is likely that the risk allele of
the missense PROGINs site had been fixed in Neander-
thals. Therefore, fixation of the risk allele in this preg-
nancy-associated gene in Neanderthals likely posed a

significant selective disadvantage.

Jingjing Li, 2 Xiumei Hong,? Sam Mesiano,> Louis J. Muglia,® Xiaobin Wang,3* Michael Snyder,?

David K. Stevenson,!”.* and Gary M. Shaw!.”*

The American Journal of Human Genetics 103, 45-57, July 5, 2018




The Neandertal progesterone receptor in modern humans
over time

15,000-14,500 BP

rs1042838

Zeberg et al., MBE 2020.




UK BioBank

p-value

“Modern
Allele”

Variant

0.063378 1.084e-08 0.1654
0.00017162 0.1654
0.00024481 0.1654
0.0011388 3558 0.1654

0.032094 57¢ 0.1654
0.00075152  0.0019825

0.0011338

0.011735 0.0023662

sRaaaria i A N2EI0OE
0.0017097 0.0036395

-0.010763 0.0047155




The progesterone receptor

The Neandertal variant (A, V660L) is
associated with preterm births

but
Is also protective against miscarriage

and results in more live births...



Progesterone receptor expression

Val/Val Val/lLeu Leu/Leu NES p-value

Adrenal gland 166 59 8 0.43 (0.25-0.61) 3.4e-06
Aorta 287 90 10 0.16 (0.09-0.23) 3.1e-05
Coronary artery 171 41 1 0.19 (0.08-0.30) 0.00073
Fibroblasts 343 128 12 0.45(0.31-0.59) 4.9e-10
Sigmoid colon 239 70 9 0.16 (0.07-0.26) 0.0010
Spleen 167 55 5 0.18 (0.07-0.30) 0.0026
Subcutaneous fat 421 144 16 0.17 (0.11-0.24) 2.3e-07
Testis 235 79 8 0.20 (0.07-0.32) 0.0018
Thyroid 419 137 18 0.15(0.07-0.23) 0.00023
Tibial artery 427 142 15 . 0.28 (0.22-0.35) 2.6e-17
Tibial nerve 391 126 15 . 0.18 (0.10-0.25) 2.0e-06

decreased expression increased expression

Zeberg et al., MBE 2020.
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FIGURE 2
PRISM trial data on live hirth >34 weeks by the number of previous miscarriages

P-value for

Risk Ratio [95% CI] % difference . .
interaction

Progesterone (n/N) Placebo (n/N)

Pre-Specified Subgroup
Number of previous miscarriages
824 /1111
2 591 /777
3 98 /137

840 /1127
534 /738
85/ 148

0.99 (0.95-1.04)
1.05 (1.00-1.12)
1.28 (1.08-1.51)

Post Hoc Subgroup

NumbeNof previous miscarriages
824 /1111
413/ 547
1787230
98 /137

Zr of previous miscarriages
824 /1111
689 /914

All Participants 151372025

Cl, confidence interval; PRISM, PRogesterone In Spontaneous Miscarriage.

840 /1127
367 /502
167 /236
85/148

840 /1127
619 /886

1459 /2013

>

I
0.75

1.2

5

>

<€

Favors Placebo

Favors Progesterone

1.04 (0.97-1.12)
1.08 (0.97-1.19)
1.28 (1.08-1.51)

0.99 (0.95-1.04)
1.09 (1.03-1.15)

1.03 (1.00-1.07)

Coomarasamy et al. Micronized vaginal progesterone to prevent miscarriage: a critical evaluation of randomized evidence. Am | Obstet Gynecol 2020.

-0.3%
+ 5.5%

1.03 (1.00-1.07)
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Altai Neandertal
1.00 /

Chagyrskaya Neandertal

«0.63
/\)\ CYP2C8*3/CYP2C9*2

0.62 \
Vindija Neandertal

Denisovan

Yoruba |
0_55/ Yoruba

Yoruba lll

Yoruba IV

Yoruba V

Haggstrom et al., Pharmacogenomics J., 2022.




’Neandertal” CYP2C8*3

CYP2C8*1/*1 CYP2C8*1/*3 CYP2C8*3/*3 Overall individuals

Number of subjects 9% 10"

Cpax (mg litre™) 20.6 (14.4-27.0) 25.3 (18.5-32.1) 15.2 (7.6-22.9) 21.2 (17.5-24.9)

Tynax (hoUrs) 1.0(0.6-1.3)  1.42(0.91-1.94) 2.1 (1.6-2.6)[0.58-1.70, P < 0.001] 141 (1.11-1.71)
AUC (mghlitre™))  59.4 (35.8-83.0) 101.4 (80.1-122.7)[12.59-71.37, P < 0.008] 105.6 (65.0-146.3)[3.71-88.77, P < 0.036] 87.3 (71.8-102.8)
t1/2 (hours) 4.2 (1.9-6.5)[0.10-4.44, P < 0.05] 4—8.15, P<0.001] 4.56 (3.16-5.97)
Clearance (littes h'!) 3.5 (28-4.4) 2.2 (1.6-2.8)[0.23-2.34, P < 0.02] 2.1(1.3-2.9)[0.30-2.49, P < 0.03] 2.63 (2.15-3.11)

Values are mean (95% confidence intervals) data. Cmax, maximum concentration. Tmax, time required to reach peak concentration. AUC, area under the concentration—time

curve. t1/2, plasma half-life.

Br J Clin Pharmacol 59:62-68 (2004).

| Ibuprofen HEUMANN

N Schmerztabletten
400 mg Filmtabletten
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Neandertal” CYP2C9*2

Recommended daily warfarin doses (mg/day)

CYP2C9*1/*1 CYP2C9*2/*2

ST

Adapted from Johnson et al. (2011) Clin Pharmacol Ther. 90(4):625-9.

-y

Warfarin

5mg

L.

https://www.healthwarehouse.com/




The Corona Virus Pandemic

Covid-19 Response Fund

i <

WHO Coronavirus (COVID-19) Dashboard Measures Table View Data More Resources

175,469

new cases in last 24hrs

635,229,101

cumulative cases

6,602,552

cumulative deaths

9 Download Map Data

, as of , there have been of COVID-19, including
, reported to WHO. As of , a total of have been




COVID-19 Mortality Rate by Age

14.8%

1.3%

0.2% 0.2% 0.2% 0.4%

10-19 20-29 30-39 40-49 50-59 60-69 70-79 80+

Source: CDC




The Covid-19 Host Genetics Initiative
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Genome-wide associations for severe COVID-19

Modified from COVID-19 Host Genetics Initiative (https://www.covid19hg.org/)



XXV

Protective!

Zeberg & Paabo, Nature, 2020.



Neandertals Denisova

Present-day humans
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Nakanishi et al., J. Clin. Invest., 2021.
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Risk of HIV infection in chr. 3 risk variant carriers

Cohort N (cases) N (controls) MAF Odds Ratio OR 95%-C| Weight

UK Biobank 147 401601  0.07 0.71 [0.45;1.12] 225%
FinnGen 357 218435  0.08 0.73 [0.55;0.95] 61.1%

Michigan Genomics Initiative 104 35284 008 0.82 [0.48;1.39] 164%

Fixed eftect model 0.74 [0.60; 0.91] 100.0%
Heterogeneity: I = 0%, p = 0.91

Zeberg, PNAS, 2022.

26% reduced risk
of HIV transmission!



The chromosome 3 locus

* Increased risk for severe covid

« Decreased risk for HIV infection

pixtastock.com - 71017602

A double-edged sword A multi-edged sword...






{ Chromosome 3

l

Chromosome 12

First reported by Pairo-Castineira et al. Nature (2020) Modified from COVID-19 HGI
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Protective!
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Chromosome 12 Coordinate (Mb)(GRCh37)

Zeberg and Paabo, PNAS 2021.



Also protective against
SARS-CoV-1!

Hamano et al. BBRC (2005)
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Modified from Choi et al., Exp. & Mol. Med. 2015.



Effect sizes

(under the rare disease assumption)

Chromosome 3: ~ 100% increased risk per allele

Chromosome 12: ~ 23% decreased risk per allele






Functions unique
to modern humans?



S S S SENESSSSSESSESESE

Bladelets

Bone points

Aurignacian blades






Slide after Prof. C. Wang, GU-CAS, Beijing




7-8 Myr w=p




~30,000 single nucleotide changes

~100 small insertions and deletions
~3,000 regulatory regions (Ensembl)

~100 amino acids (ccbs)



Glutathione reductase

Bonobo
T20A/M273V

Chimpanzee

Modern humans

Neanderthals

Glutathio Glutathione
Reductase Peroxidase
GR GPx

From: www.researchgate.net.



Glutathione reductase

Superoxide production (1 hour)

[ Modern human Neanderthal (S232)

Coppo et al., Sci Adv 2022.



Glutathione reductase

Bonobo
T20A/M273V

Chimpanzee

Modern humans

~0.06%

Neanderthals in UKBB

Peripheral vascular disease

N (cases) N (controls) OR 95%CI
MGl 2254 35,658 —— 4.06 1.41-11.69
UKBB 3923 398,704 ——@——29.96 5.34-168.14
Meta (FE) 6177 434,362 N 7.00 2.84-17.27

Coppo et al., Sci Adv 2022.
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