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more than two-million-fold variation

Bac kg roun d © 6,650-fold variation ()

Animals display a dramatic variation in their genome size and ,
but the evolutionary causes behind such different patterns remain debated

The Drift-Barrier hypothesis

1. The effective size of a population (Ne)
determines how efficiently slightly deleterious DNA
insertions are eliminated

2. Species impacted by high genetic drift levels
(low Ne) are expected to accumulate more TEs
and evolve larger genomes

mutations evolving under
genetic drift

Scheme modified
from Yi et al. (2006)

Ne

deleterious — neutral
selective effect

GENETIC DRIFT I

3. Although originally detected across the tree of life (Lynch and
Conery, 2003), this pattern was not found across animal genomes
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Questions & Approach )

1. Are genome size and TE content variation explained by

different genetic drift levels at shorter evolutionary scales?
Genome size .

2. Is reduced Ne reflected in increased accumulation of recent TEs? |

R

o We leverage two taxa characterized by contrasted genome sizes and contrasted Ne
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e Ne is deduced from genome-wide dN/dS
_—> more non-synonymous substitutions

accumulate at small Ne d

Relationship between Ne and its proxy:

dN/dS I—

| o

dN

ds N\ synonymous substitutions

tend to accumulate neutrally

e Species relatedness is accounted for in correlations
phylogenetic generalized least squares, PGLS)
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Papilionidae
1. PGLS of dN/dS as predictor of genome size and TE content
Genome sizelTE content ~ dN/dS | Slope | Adjusted-R? | p-value
Genome size 0.954 -0.029 0.745 .
All TEs 5.084 | 0001 | 0315 The remarkable genome size and TE
LINE 1.971 -0.030 0.788 . . e
SINE —1si oots | osss /‘$ content varlatlor) are not associated to
LTR 1.559 -0.032 0.889 dN/dS variation (Ne proxy)
DNA 7.258 -0.001 0.334
RC 12.325 -0.018 0.517

2. PGLS of dN/dS as predictor of TE gain rate on terminal branches and full-length (FL) TE copy number

TE gain rate ~ dN/dS | Slope | Adjusted-R? | p-value FL TE copies ~ dN/dS | Slope | Adjusted-R? | p-value
All TEs 11.492 0.056 0.149 Al TEs -9.620 0.044 0.127 .
LINE 2858 | 0010 | 0284 LINE 15426 | -0.008 | 0.400 TE accumulation rate and the number
SINE 51.490 0.039 0.248 SIN= -9.019 -0.047 0.762 Of F|_ elementS are not predicted by
LTR 10.951 -0.008 0.370 LTR -4.861 -0.030 0.778 . . .
DNA 13.270 0.076 0.114 DNA -9.023 0.007 0.276 genetlc drlft Ievels elther
RC 8.017 -0.030 0.54 RC 3.199 -0.031 0.860

Lepidoptera are known to be a hotspot clade for horizontal transfer of TEs
(HTT) (Reiss et al. 2019). are larger genomes and TE amounts related to the
frequent exchange of TE families across species?

3. HTT between two species were validated if (A) the Kimura 2P divergence (K2P)
between TE families is lower than expected according to the comparison of vertically
inherited orthologous genes, and (B) no copies older than the K2P estimated at the
species split are found in a given TE family

K2P calculated between:

sp3

. spi spt busco genes
TE copies sp2 [ I Saf2 I (3rd codon positions)
Sp2
AL HTT ?d '
sp1 _ maximum K2P from _ median busco _Va lqation
PT R ) AND (B)| TE tamily consensus < K2P ~> 714 putative HTT events
within Papilionidae

4. Genome size variation, TE superfamily annotations and evaluation of HT T impact
TE orders

Classl/Unclassified | |LINE  |LTR  |DNA | |RC/Helitron

Assembly size (log bp)
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TE superfamilies

Papilio xuthus

o — Papilio machaon __ Classl/Unclassified Classll/Unclassified
——— Papilio protenor || LINE | DNA
DNA/Crypton
——  Papilio demoleus [ SINZe I P
Paniio bi LINE/I DNA/hAT
apilio bianor — I
LINE/L2 DNA/Maverick
-SSR LINE/R DNA/Merlin
——— Pharmacophagus antenor LINE/R2 o DNA/MITE
— Parides vertumnus | LINE/RTE N DNA/P
Parides eurimedes } } LTR ' |DNA/ PIF-Harbinger
I = Troides oblongomaculatus LTR/Copia DNA/PiggyBac
Troides helena e LTR/Ty3 RC/Helitron
Ornithoptera priamus . LTR/LARD Simple repeat
Non repeat
Ornithoptera alexandrae [ S P
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Amino acid substitutions Assembly size (Mbp) HTT events
e S — Up to almost 3% of genome is
Genome size - HTT everts = IEEENEE made up by laterally transferred,
TE content ~ HTT events *** 0.431 0.268 0.001 mOStly DNA elements
Genome size ~ HT TE content ** 0.101 0.170 0.01
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Species with larger genomes and TE contents undergo
more HTT events and present larger portions occupied
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T 100 However, very few LINEs are exchanged between species, in spite

of being the second most abundant order across Papilionidae
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Passeriformes
1. Genome size variation, TE superfamily annotations and dN/dS values at terminal branches

Acanthornis magna
Acanthiza pusilla
Lichenostomus cassidix
Entomyzon cyanotis
Monarcha castaneiventris obscurior
Lycocorax pyrrhopterus obiensis
Corvus hawaiiensis
= Corvus moneduloides
— Corvus cornix cornix
Coloeus monedula —
Cyanocitta stelleri
Aphelocoma californica
II:;opsa/w/tria austg}alis LINE

oecile atricapillus |
oG | LINE/CR1
Progne subis subis ‘ o ]

TE superfamilies
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DNA/MITE

DNA/P
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Classl/Unclassified

Hirundo rustica LINE/L2
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Zosterops minutus LTR/Copia
Zosterops inornatus —

LTR/ERV
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LTR/LARD
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Zosterops borbonicus
e : Classll/Unclassified Non repeat

Phylloscopus collybita

RC/Helitron

Sylvia borin
Sylvia atricapilla
Chamaea fasciata
Prinia subflava

Satellite

Low complexity

Acrocephalus scirpaceus scirpaceus
Acrocephalus arundinaceus
Taeniopygia guttata

Vidua macroura

Sterrhoptilus dennistouni

Vidua chalybeata
Anomalospiza imberbis
Prunella strophiata
Passer montanus

dN/dS
Insular 0.24

Mainland 0.28

Restricted 0.32
0.36

Passer domesticus
Motacilla alba alba
Serinus canaria
Haemorhous mexicanus

Fringilla palmae

Fringilla coelebs

Diglossa brunneiventris
Camarhynchus parvulus
Emberiza elegans

Zonotrichia leucophrys gambelii
Melozone crissalis
Artemisiospiza belli
Passerculus sandwichensis
Melospiza melodia melodia
Melospiza georgiana
Ammospiza maritima maritima
Ammospiza nelsoni
Ammospiza caudacuta
Setophaga petechia

Geothlypis trichas

Molothrus ater

Agelaius tricolor

Sitta carolinensis ] }

Cinclus cinclus
Muscicapa striata striata
Oenanthe melanoleuca
Luscinia megarhynchos
Erithacus rubecula
Catharus ustulatus
Acridotheres tristis
Myiozetetes cayanensis
Pseudopipra pipra
Pipra filicauda
Manacus candei
Chiroxiphia lanceolata
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2. PGLS of dN/dS as predictor of genome size, TE content and TE accumulation rate on terminal branches

Genome sizelTE content ~ dN/dS | Slope | Adjusted-R? | p-value TE gain rate ~ dN/dS | Slope | Adjusted-R? | p-value
Genome size 0.385 0 0.317 4 All TEs * 7.732 0.054 0.031
All TEs * 3.976 | 0.044 0.039 @ LINE 18.795 |  0.040 0.055
LINE 1.242 | 0.004 0.254 S SINE -7.061 | -0.007 | 0.458
SINE -3.540 | -0.007 0.443 % { LTR * 12.358 |  0.045 0.045 Therateof TE
LTR * 6.032 | 0.045 0.037 DNA *+* 6.936 0.131 0.001 : :
DNA 3.687 | 0.031 0.071 = _ RC 6.108 0.004 0.270 accumula_tlon on terr,n,mal
RC 4210 | -0.007 | 0.503 4 Al TEs 3.689 | 0036 | 0.066 branches is also pOSItIVGly
S LINE 43222 | 0005 | 0427 corrrelated to drift levels
: : : SINE 0691 | -0.015 | 0.845
\\ Higher genetic drift (large dN/dS) %{ TR 52360 | 0006 | 0.235
Is associated to larger TE loads, § DNA ** 5361 | 0420 | 0.001
but not to larger genomes \ i >0140 | 0008 | 0270

3. PGLS of dN/dS as predictor of copy number and accumulation rate of full-length (FL) TEs

FL TE copies ~ dN/dS | Slope | Adjusted-R? | p-value

FL TE copy gain rate ~ dN/dS | Slope | Adjusted-R? | p-value
All TEs *** 2.226 0.125 0.001 All TEs ** 4.455 0.110 0.003
LINE 27 | 002 | 00%2 LInE 315 | 0020 | OLSL | gy The aqcumulation of FL, _
— ool oo | oos . bz oo o recently inserted elements is
DNA 1829 |  0.009 0.204 DNA *+ 6.185 | 0.149 0.001 even more Strongly pOSItIVGly
RC * 6.347 0.057 0.022 RC ** 8.686 0.120 0.002 Corre|ated Wlth d N/dS

Conclusions

1. In passerine birds, an increased
accumulation of TEs is associated with
higher drift levels, notably when only FL
~— insertions are considered: this suggests
that small Ne promote the fixation of young,
putatively active and more deleterious TES

w
Genome size I | ) j--—-
N
HTT; J

\\ 2. Such drift-barrier effect is not observed
anymore for genome size, likely as a result of
the very quick erosion of avian TEs

3. No evidence of Ne affecting genome size or TE content variation is found
iIn Papilionidae. HTT is pervasive and more frequent in larger genomes, but
does not provide a global explanation for the proliferation of all TE orders

Take home messages
Stronger genetic drift can drive TE accumulation over short evolutionary timescales, but this pattern is not
consistent among taxa. The drift-barrier hypothesis fails to account for genome size variation as a whole.
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