Supplementary Information for:
Components of a Neanderthal gut microbiome recovered from fecal sediments from El Salt

Simone Rampelli', Silvia Turroni', Carolina Mallol, Cristo Hernandez, Bertila Galvén, Ainara
Sistiaga, Elena Biagi, Annalisa Astolfi, Patrizia Brigidi, Stefano Benazzi, Cecil M. Lewis Jr.,

Christina Warinner, Courtney A. Hofman, Stephanie L. Schnorr®, Marco Candela®

"These authors contributed equally.
SThese authors jointly supervised this work.

This file includes:

e Supplementary Figure 1t0 9 p.2-14
e Supplementary Table 1to 3 p.15-17
e Supplementary References p. 18



] E] ] H E] ] H ]
re s re g re s 8 re s
g g g 8 g g g g
g § H § 1] § g §
K K 5 s 5 5 K K
H ] 2 2 ] H H H
te 5 5 Le & 5 5 te 5 s Hre §
- ® ® 4 ® M ® 5
£ £ £ £ E £ £ £
£ £ g £ £ H g g
3 8 3 ] ] [ A 8
5 5 5 £ 5 z s £
Lo 2 3 Lo 2 4 3 Lo 2 -} Lo 2
® 3 g 3 g g 22 8 2 2
T T T T T
00 0 0 o €0 20 Lo 00
80UBIe}01 Ul © UBN peas U Aouenbelj oseg eg ousiajel Ul © Ui peas i Aousnbay aseg @ouBIejes Ul © UBNI peal Ui kouenbey; eseg
Le 3 3 3 3 3 Le 3 3 Lo 3
e @ e 8 2 2 e -8
8 8 8 ] 8 H g 8
g £ g g £ g g 1
H 1] g § ] § § §
Le ® B k) 5 B Le ® 5 L o ©
- ] H H E sz H %z
5 5 5 5 5 5 5 H
o o » o o 5 B o
[ g [ 3 m ] ] H
2 2 2 2 2 2 2 [7 2
8 g 8 g g 3 8 g
Lo o o
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
¥0 €0 20 Lo 00 o €0 zo ro 00 0 €0 20 ro oo 0 €0 2o ro 00 o €0 2o o oo o €0 20 vo 00 vo €0 2o ro 00 0 €0 2o 1o 0o o €0 20 o oo
@ouaIajel U O UBNIB peas Ui Aouenbey aseg ousiajes Ul O UBNIB peal ul Aousnbay eseg @0uaIaje1 Ul O UeN peas u) Aouenbey; aseg ‘sousiajel Ul O UBNIB peal ui Aousnbayy aseg 90uBlejel Ul O UGG pea) u| Aousnbey) eseg @ousIajel U1 O UBNIB peas Ul Kouanbeyj aseg s0usIajel ul O UGN peal uj Aouenbayy eseg sousisjel ul 9 usnb peas ui fousnbayy aseg ‘0usiajes Ul O UBNIB peal ui Aousnbay) eseg
—_ —_ —_~
— — —~ —~ = =
= = x = 1S c o [>% o
/ Lo Lo ko Lo e
o ] o ° o 3 o 2
] g g L ] 3 8 8 8
H 3 : = Fo g Fo £ re s Fo g Fre g
H 8 I g 8 g H g
g g g H 2
] g § i § H H §
s 5 5 k] 5 s 3 3
: : s Fre s te 3 re s Le B Le B
. ® - 5 5 ® o ®
E E E
5 £ 5 & 5 g & 2
8 8 3 8 3 g 3 8
g 2 ] Lo 2 o 2 Le 2 Lo 2 Lo 2
a a 8 - 38 e 3 T B8 - - 8
T T T T T T T
20 1o 00 0o 2o Lo 0o
sousIejel Ul © UBNIB peas ul Aousnbay eseg eg
] o ° w B o ]
H re s H re s g
8 8 2 8 3 8 8 g
s g H § H H g
§ ] § H § H § N
K 5 s Lo = K Le 3 K 5
H 2 I ey | B s 2 H H
H 5 5 5 H s 5 s
Py o Py y P o Y o
€ € €
§ 8 5 J § 5 H § H
H 3 H H H g H 8
g g g Lo & g Lo £ g g
s 3 z H H 2 2 2
8 [ a a 8 2 3 5
Lo Lo

ousiajel 1 O UGN peas i Kouenbaly eseg

—

©

eoualejes u} O UGNID peas uj Aouanbey) eseg

—
o]

sousiael 1 O UaN peal ui Aouenbay eseq

—~
(]

T T T T T
vo €0 20 o 00
sousiajel 1 O UBND peas ul Aouenbaiy aseg

—

©

0uBlBjes Ul O UBNS peas uj Aouenbey) eseg

—

[}

T T T T T
v0 €0 20 ro 00

89uB1e}o1 Ul O UBNIG Peal | Aouanbayy oseg

—
[

S0uBIBje1 U1 O UBNIG peal Ui Aouanbay) eseq
—~

o

[ €0 20 ro 00
9uB10}1 Ul O UBNIG peas Ut Aouanbeyj oseg

—

e

Distance from 3' end of sequence read

! end of sequence read

Distance from &'



Supplementary Figure 1.

Nucleotide mis-incorporation patterns arising from cytosine deamination in ancient
bacterial DNA from EI Salt sediment samples. Patterns are shown for all samples (a VI; b VV2; ¢
V3; d IX; e Xa; f-1 ES1 to ES7; m Xb; n XI) as well as for negative controls (o0 DNA extraction; p library
preparation; g PCR). Please refer to Supplementary Table 1 for the number of ancient bacterial reads of
each sample.
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Supplementary Figure 2.

The proportion of PMDS>5 reads discriminates samples containing fecal sediment from
those with no or very few archeological remains. The samples 1X, Xa, ES1-7, Xb and XI (i.e.,
those positive for the presence of fecal biomarkers and/or associated with rich archaeological
assemblages) were compared with samples VV1-3 from SU V (i.e., negative samples, with no or
very few archeological remains). P-value=0.01, Wilcoxon test.
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Supplementary Figure 3.

Bar plot of the relative abundance of the 24 families common to the gut microbiome of
hominids in the EIl Salt samples. Comprehensive family-level relative abundance profile from
all sedimentary samples positive for the presence of fecal biomarkers and/or associated with rich
archaeological assemblages, i.e., samples IX, Xa, ES1-7, Xb and XI.
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Supplementary Figure 4.

Box plots of the relative abundance of the 24 families common to the gut microbiome of
hominids in the EIl Salt samples. Samples positive for the presence of fecal biomarkers and/or
associated with rich archaeological assemblages (samples IX, Xa, ES1-7, Xb and XI) showed a
higher relative contribution of PMDS>5 reads for most of the 24 families common to the gut
microbiome of hominids compared to samples with no or very few archeological remains
(samples from SU V). Relative abundances were calculated as a percentage of PMDS>5 reads
for a specific family out of the total number of PMDS>5 reads in the sample. P-values <0.05 are
reported (Wilcoxon test).
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Supplementary Figure 5.

Principal Coordinates Analysis based on Bray-Curtis distances between the family-level
relative abundance profiles of El Salt samples and the gut microbiota of human
populations adhering to different subsistence strategies. The 24 families common to the gut
microbiome of hominids were considered. For the El Salt site, samples 1X, Xa, ES1-7, Xb and
X1 were included, i.e., those positive for the presence of fecal biomarkers and/or associated with
rich archaeological assemblages. Publicly available data from the following human populations
were included: urban Italians and Hadza hunter-gatherers from Tanzania (Rampelli et al., 2015),
urban US residents, Matses hunter-gatherers and Tunapuco rural agriculturalists from Peru
(Obregon-Tito et al., 2015). PCol and PCo2 account for 27% and 20% of the total variance,
respectively. A significant separation between groups was found (p-value=0.0001, permutation
test with pseudo-F ratio).
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Supplementary Figure 6.
MapDamage plots for bacterial taxa with >200 assigned reads and >50 reads with PMDS
>1 recovered from the El Salt sediments.
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Supplementary Figure 7.

Coverage plots for bacterial taxa recovered from the El Salt sediments.
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Supplementary Figure 8.

Edit distance distributions of all reads (blue) and reads filtered for postmortem damage

(PMDS>1) (red) for bacterial taxa with >200 assigned reads with >50 PMDS>1 reads
recovered from the El Salt sediments.
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Supplementary Figure 9.

Major source categories for the bacterial species of hominid-associated gut microbiome
families, as detected in El Salt sediment samples. Bacterial species were categorized according
to a layered classification scheme as human (gut, oral and/or pathobiont), animal (gut, oral
and/or pathobiont) and environmental (soil, water, other). Pie and bar charts show the proportion
of species by source category.
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Supplementary Table 1.

Number of ancient bacterial sequences identified in El Salt sediment samples. For each
sample (V1 to XI) and negative control (ExtNeg, DNA extraction; LibNeg, library preparation;
PCRNeg, PCR), the number of ancient bacterial sequences, as defined based on the approach by
Skoglund et al. (2014), is shown, along with the number of paired-end sequences, pre and post-
quality filtering.

Sample | Initial paired-end sequences | High-quality joined reads | Ancient bacterial reads

V1 7,451,006 3,666,150 1,422
V2 8,326,191 3,614,022 1,229
V3 5,215,587 2,369,988 1,725
IX 22,001,002 1,144,854 279
Xa 219,636,326 9,275,342 4,257
ES1 9,822,677 8,806,814 8,537
ES2 16,013,042 15,122,557 12,689
ES3 16,182,726 15,009,763 12,674
ES4 14,716,570 13,818,087 9,555
ESS 12,261,584 10,757,973 10,121
ES6 11,708,225 10,491,866 8,420
ES7 25,055,781 21,083,124 17,901
Xb 13,378,449 5,764,889 2,278
Xl 7,590,144 3,667,077 4,615
ExtNeg 454,624 411,559 144
LibNeg 113,428 27,284 42
PCRNeg 2,597 2,263 1
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Supplementary Table 2.

Ancient human mtDNA reads in the El Salt samples. All samples were subjected to target
capture of mtDNA with a Neanderthal bait panel and subsequent NGS on Illumina NextSeq
platform. Reads with a deamination profile resulting in PMDS >1 were used to calculate the breadth
of coverage (>1x) and the negative difference proportion introduced by Hubler et al. (2019).
Modern contamination refers to the results of the mtCont script of the Schmutzi pipeline (Renaud et
al., 2015). Such analysis was performed only for samples with breadth of coverage >10%. Samples
with >1,000 PMDS>1 reads, breadth of coverage >10%, -A % >0.9 and mtCont contamination less
than 2% were considered to contain ancient human mtDNA.

Sample | Reads Pl\ljl%aéJl 5>1 >1x (%) A% Con'\t/la?rﬁlienrarlltion
V1 33,325 162 4.0 1 NA
V2 270,437 26,570 4.8 1 NA
V3 469,442 158 2.9 1 NA
IX 1,587 0 0.4 0 NA
Xa 1,669,396 962 2.0 1 NA
ES1 238,391 21,977 11.2 1 1%
ES2 1,143,745 24,041 27.6 1 1%
ES3 524,157 822 13.7 1 NA
ES4 239,272 244 6.7 1 NA
ES5 833,836 7,855 15.7 1 1%
ES6 38,176 1,153 6.9 1 NA
ES7 83,774 30 3.0 1 NA
Xb 112,244 1,830 19.1 1 2%
Xl 16 0 0.0 0 NA
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Supplementary Table 3.
Adapter and oligo sequences used in the present study.

Name Sequence 5°-3° Use Ref.

IS1 A*C*A*C*TCTTTCCCTACACGACGCTCTTCCG*A* | For all Meyer and
T*C*T adapters Kircher, 2010

1S2 G*T*G*A*CTGGAGTTCAGACGTGTGCTCTTCCG*A | For all Meyer and
*T*C*T adapters Kircher, 2010

IS3_BEDC3 | A*G*A*T*CGGAA*G*A*G*C[C3spacer] For BEDC3 | Carge et al.,

adapter 2017

P7 index CAAGCAGAAGACGGCATACGAGATNNNNNNNNG | Index PCR | Present paper

primer TGACTGGAGTTCAGACGTGTGCTCTTCCG

P5 index AATGATACGGCGACCACCGAGATCTACACNNNN | Index PCR | Present paper

primer NNNNACACTCTTTCCCTACACGACGCTCTTCCGA

TCT

17
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