The puzzle of Denisovan anatomy

Denisovan Anatom
y Fossils are identified as Denisovan by their DNA.

The known Denisovan fossils are too fragmentary to tell us

Alan R. Rogers
much about anatomy

. . . N
November 20 2021 Is it possible to decipher anatomy from DNA?
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The problem with GWAS Using methylation to predict phenotype

One approach to this problem uses genome-wide association

i WAS).
studies (GWAS) Methyl groups are molecules that attach to DNA and inhibit

Variation in modern phenotypes is correlated with modern transcription, which reduces the amount of protein produced.

genetic variation to construct a polygenic score, which predicts

ohenotype from genotype Gokhman et al (2019) developed a way to predict ancient

phenotypes from methylation patterns.

Works well in recent past but not in ancient past, because
most recent variants are not very old.
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How to distinguish methylated from unmethylated | How to tell how methylation affects the phenotype
parts of ancient DNA

Methylation reduces gene expression—the amount of protein
produced by a gene.

All ancient DNA is damaged, to a greater or lesser extent. _ ) )
Other mutations may also reduce gene expression, and much is

The type of damage differs between methylated and known about how gene expression affects phenotypes.

unmethylated parts of a chromosome. _
Gokhman et al made a list of genes that are methylated

Gokhman et al estimated the methylation pattern from the differently in modern humans, Neanderthals, and Denisovans.
damage pattern. Then they searched the literature for information about how
expression of these genes affects phenotypes.
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An example:

DMRs
Promoter
hypo/hypermethylation

pelvic size

DMGs
Predicted gene activity
(MH compared to Neanderthal)

HPO phenotypes
when 1 or 2 copies of the
gene are dysfunctional

Predicted trait
MH compared
to Neanderthal

An example:

pelvic size

Predicted trait
MH compared
to Neanderthal

N D M
-~ & SOX9 Narrow iliac wings
N D M . .
- ¥ COL2A1 Hypoplastic pelvis
N D M Pelvic size
§ COL11A2 Hypoplastic iliac wings
¥
N D M »
$ FGFR3 Short iliac bones
A 3
N D M o
A ¥ WDR34 * Hypoplastic ilia

Methylation has increased in modern humans (MH) at the
SOX9 gene = lower gene expression = smaller pelvis.
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DMRs DMGs HPO phenotypes
Promoter Predicted gene activity when 1 or 2 copies of the
hypo/hypermethylation (MH compared to Neanderthal) gene are dysfunctional
N D M . X
-~ & SOX9 Narrow iliac wings
N D M . .
« & COL2A1 Hypoplastic pelvis
N D M 5 i :
§ COL11A2 Hypoplastic iliac wings
A 3
N D M .
8 FGFR3 Short iliac bones
¥
N D M o
$ $ WDR34 Hypoplastic ilia

Four other genes also imply a smaller pelvis in MH than
Neanderthals.

Pelvic size
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/ Hyperplastic cervical vertebrae Hyperplastic scapulae
J Low forehead J Flat cranial vault Narrow sutures and fontanelles Narrow temples compared to HP:0008434 HP:0000882
HP:0000348 HP:0000263 HP:0004492 anterior mandible width
HP:0000325
/ Rounded epiphysis 8road ribs /
/ Projecting face Long face / HP.0003071 HP:0000883
HP:0012368 HP:0000274
/ Outward bulging of the metaphyseal profile _ Less curved long bones
Enlarged dental pulp of molars. Broad face ‘/ HP:0003021 < HP:0006487
HP:0000679 HP:0000275
/ Posterior vertebral hyperplasia i Accelerated skeletal maturation J
J Hyperplasia of the dental enamel Broad palate HP:0008451 HP.0002750
HP:0006297 HP:0000189
/ Wide greater sacrosciatic notches Hyperplastic pelvis /
/ Delayed loss of permanent teeth Low palate ] HP:0003375 HP-0008839
HP:0006357 HP:0000218
) Long femoral neck Carpal bone hyperplasia
“ Earlier eruption of primary teeth Macrognathia J Increased cranial base growth High anterior mandible Wide mandible HP:0100864 HP:0001498
HP:0000680 HP:0000201 HP:0005451 HP:0000331 HP:0000307
M Ve femoralneck Wide fingertips J
HP:0008819 HP:0001182
MethOd was COrreCt fOr 15 Of 17 dlfferences betWeen Sku”s Of / Deeper acetabular fossae Increased bone mineralization /
HP:0003182 HP:0002749
MH and Neanderthals.
Correct for 14 of 16 other skeletal traits.
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[T— MODERN HUMAN [—— [—— MODERN HUMAN [——
. N p toMH/N - . p "
* IR 3 *m IR
" Cranial top flatness Biparietal width P " Cranial top flatness Biparietal width P
M Forehead height ! Bitemporal relative width g N Forehead height Bitemporal relative width g
Hy Facial protrusion ~ My Hly Facial protrusion M-
Ll B Facial width s ¥l B Facial width Ve
*w DENISOVAN *
N Enamel thickness —— MH N Enamel thickness MH
< Facial height N Facial height N
* *w
« Teetheruption timing P « Teeth eruption timing e
Palate height W Palate height "
" "
PN Teeth loss timing . PO Teeth loss timing il
& o Palate width N - Palate width N
ol Dental arch length e 0 Dental arch length e
P Anterior mandibular width P Anterior mandibular width
»  Mandibular protrusion »  Mandibular protrusion
* Amermrmandxbu\arhe\gth: * w Amgmormand\bu\arhe\gth:
P Condylar size P Condylar size
*w *wm
N Cranial base size . Cranial base size
Example: predicted biparietal width is wider in Denisovans Prediction: Denisovans had wider heads and flatter faces than
than in Neanderthals or MH. Neanderthals.
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Predicted Denisovan other traits

MODERN HUMAN DENISOVAN NEANDERTHAL

Xuchang skulls

100-130 kya, from China

Anatomy similar to
Neanderthals, but it's too far
east.

moral neck length

Femoral neck width

Right time and place for
Denisovans, but we have no

eletal maturation timing

. DNA.
r bi ept ne m d
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Summary
8 traits differed from
Neanderthals. » Methylation of DNA suppresses gene expression.

» Also affects postmortem changes in DNA, allowing us to

7 of the 8 were predicted to } ) 3 )
P estimate mythylation patterns in ancient DNA.

differ, based on methylation

patterns in the Denisovan » Methylation patterns successfully predict known
genome from Siberia. differences between MH and Neanderthals.
» Predict that Denisovans had wider heads and flatter faces
For 4 of the traits, the than Neanderthals.
direction of the difference could > Predicted Denisovan anatomy agrees remarkably with the

be predicted. All 4 differed in

. R Xuchang skulls from China.
the predicted direction.
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