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OXPHOS genes across Squamata deep lineages
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Introduction

The monophyletic origin of Iguania (Pleurodontat+Acrodonta) 1s rejected using
mitochondrial markers, which instead strongly support a close sister relationship
between Acrodonta (particularly the Agamidae family) and Serpentes (Figure 1). At
the root of these contrasting topologies, there might be an ancient episode of
convergent evolution between the two lineages in the OXPHOS pathway!. Four out
of the five complexes that constitute the OXPHOS system are composed of both
mitochondrial (mtOXPHOS) and nuclear (nucOXPHOS) subunits. Literature posits
that these subunits must coevolve for proper OXPHOS functioning?.

Can the Discordant Topology Extend to Nuclear OXPHOS?

The ML tree (IQ-TREE) based on nucOXPHOS and the likelihood mapping
analysis (LMA) did not support the monophyly of Iguania, nor the agamid-snakes
sister relationship (Fig. 2A). However, when restricting the analysis to the subset
that tightly interacts with mitochondrial subunits (contact nucOXPHOS), the
resulting topology mirrored the mitochondrial one (Fig. 2B). Furthermore, LMA
strongly supported Agamidae+Serpentes when only the aforementioned subset was
considered.
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Figure 2. (A) ML tree based on nuicOXPHOS, (B) ML tree topology from contact nucOXPHOS
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Are There Signals of Convergent Evolution Between
Agamidae and Serpentes?

Each substitution that led to the same amino acid on two independent branches was
defined as convergent. For each OXPHOS gene, we estimated the number of
convergent and divergent substitutions in all pairs of branches along the Squamata
topology. We related the number of convergent substitutions to the number of
divergent substitutions using orthogonal regressions and calculated the residuals for
cach point. 11 out of 13 mtOXPHOS genes had residuals for the Agamidae-
Serpentes pair 1n the top positive 2.5% of all residuals (Fig. 4A), and 26 out of 75
nucOXPHOS genes followed the same pattern. Of these 26, 17 were contact
subunits (Fig. 4B).

» Our results strongly supported the hypothesis of convergence on OXPHOS
genes between snakes and agamid lizards.
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Figure 1. Nuclear (left) and mitochondrial (right) topologies

How Do mt- and nucOXPHOS Coevolve in Squamata?

Evolutionary Rate Correlation (ERC) between mtOXPHOS and nucOXPHOS
reported a Spearman’s p of 0.65 (Fig. 3A). To test the robustness of this result,
we normalized OXPHOS genes using 1000 random subsets of BUSCO genes and
performed ERC. The distributions of Spearman’s p are presented in Figure 3B.
Similarly to snakes, agamid lizards exhibited evolutionary rates of BUSCO genes

lower than those of mtOXPHOS and nucOXPHOS genes (Fig. 3C).

-

\

A C Scaled Branch Lengths
s
- ’
Spearman’s p 0.65 0.010 0.015 0.020
- | I i
= | p-value 6.9x108
” Carella cimita —f= s A ., fahd ' \.
& Alligator mississipplensia = [ S =)
e - Sphenodon punctafus & " £
b ® i Eublapharis maoulanis — i) :
0 & Sphasmdactivius lowngend| — .‘E’ "I-.':.
-y e Famedum plofa — = —= ]
g = * o T Giakko japanicus — &0
2 [ ] w P wersicolor Lpidodactyug Hatod : & O
™ ‘. B vitti Hemicordyhis capengis = e
Moo & .“* @ F willcaps - Piestiodon gilberll = —eg
@riald eovwi faaam = (]
2 - °g oo . Levita ecwara T S
T s & . Cryploblepharia agaias 5 @ O
% - [ ] . . A
b * @ Salvator mananas g—%
5 = 5 l Aspidoscels tigrs L
S Aspidoscels marmoratus — : . 1
_' + Fodamis raffone) — (-3-‘- I'.‘::'
© L] » Fodarmcis muralis — 3 : &
= SORHTEA vivipanm . O
Acrodonta Lacoria agis ! i ﬂ £
* Pleurodonta - e N e e * .
= _ 8 ® Serpentes Lacaria biineata - Ig;i T
= . Varanus salvaior —{ . N
' ' ' ' ' ' ' ' Varanis komodoansia e
04 0.6 08 1.0 12 14 1.6 1.8 Shinisaurus crocodilurus o9
Efgara multicarinata — {443 ; :
mpOXPHOS Scalad Branch Lengths 1 Fogona vitticeps —| Cmer e ek )
Fhrynocephalug vemsicolor — f,:‘: L
{ Anclis sagrel — . [— t'.r ]
B Angllg carclnensl < i @
' Clenosavra baked = (= )
‘ lguana delicatiasima () — i)
Contact MucOxXPHOS-MOXPHOS rl Cyolira pingiia L tl.ﬁ , L
— Seoplaporus ocoldentalis L 3
MIOXPHOS-BUSCO genes I' Soeloporus tristichus — .
Fhrynosoma plalymings — f.':':i“"" —i
MucOX PHOS-MIOXPHOS Phrynosama blainvitlii — [
Charina botine 52 ] [+ &
MNucOXPHOS-BUSCO genes i Python bivittatus —a8
Morilla virdin W . i
{ VISR MR | o e e R el b e e T
Daboia atamensia = B ‘\.- )
AzZgimiops faas - ) .E'JJ :
%‘ FProlobolhrops MUCrosquaimalis E ] ’
£ Crotalus tgris — = m—
H Haothrops jarameca — i ;
Myanophiz thanlyinengis — Ll
Hoaodon lullginogue — £} [
Ophiophagus hannah [ )
Maja naja o ) »-&
Lalicauda colubiinga L ——
ey B B U ) M ERDONR T R R B ...
Thamophis bafleyl ~{ (O 20 ik
l Imaniadas canchon i 0 "!"J
Dindophiz punctatus — ] ‘t‘;‘ﬁ
Thamnophizs plegans — j:—,h----r::
Piyas mucosa — £ .'&.{
Arzong elegang — mtOXPHOS rl:: 8
Muophis cateniier 0
B q : 0.0 02z 0.4 0.6 Panthamphis guitalis ® g{?gé%)Hos S L e o Ii::.} - {._';
Spearman's Rho genes
\ Figure 3. ERC between gene datasets
/ 0 5] MADHE Sy -
O M-'ﬁ'.“lﬂl_ W & & = - i .:. ] » » [ ]
ILAF ot 1) ] _ H
m MADHY St @ " o o) e i ® o0
MNADHI 5% Talem@rams ss X I
= WADHZ 3¢ g Siem—— ®
N MWADH1 3% B T e
CYTB 3¢ [ ® o @
S RB&x v oo o
X2
g firé ! y - e @
ATPE Y T TTIT heesee o8 O
ia 211
Residuals
B ATFAL = .
A{Fl-géf;?él L] * & 00 « e e ee ®
CvV ATPSLS o
ATESE EI * - . a L ] @
ATESE o
AlRC] oo e,
ATPSAT
Q%17 “_o
E3%1T % Pl «*®e
£a%0 g e %y o
s
o g ¢ g s
Res &
38 « .
COXBA e 'I'I'"
COond i ® i e :l .
UaCHES ® : o
cm | e oo o
1/ p) i [{Hi S Y @ ’
R
S a8 . = *e m o
m 'if;llg“;ll-ll FI. % L ] Cr ﬁ. P r B L
& cn ‘ <R Se
>< _ERHI I
Q NDUEY> me A * °
Q NOUET ¢ (1)
= NOUES 7 e [T
A
hﬁt'-:—f, ﬁ - 3 » ® w
NDUES? és
NOLFET
NDUPB1Q ] -llp .Cl ; e’ o
NOUFRE : ] [
a |8 =
NDLIERS
B« « % s
NOLFES Yo T
MNOLUEBT 3 .
NS .
B & &
MOUFA 10 * @ ™
O - gee, %
NOUEAT ®
MLILEAR
NOUERS o
_;'f;“ X . e ®e
WOILEAZ
NBUEAT * e %
£y
Residuals

Control pairs
Pairs within the C1 @

Pair Agamidae-Serpentes @ * Convergent
* Convergent + Contact Gene

\Figure 4

References

(1) Castoe et al. (2009), PNAS, 106(22):8986-91. doi:10.1073/pnas.0900233106
(2) Hill (2020), Trends Genet, 36:403—414. doi:10.1016/j.tig.2020.03.002


mailto:oscar.wallnoefer2@unibo.it

