
Landscape genomics in a cosmopolitan earthworm along a climatic
gradient
Marchán DF1, Tilikj N1, Taboada S1, Jiménez S1, Fernández R2, Novo M1

1. Depto. de Biodiversidad, Ecología y Evolución, Facultad de Ciencias Biologicas, Universidad Complutense de Madrid, José Antonio Novais, 2, 28040, Madrid, Spain
2. Institute of Evolutionary Biology (IBE, CSIC-UPF), Barcelona, Spain

IInnttrroodduuccttiioonn
Some eeaarrtthhwwoorrmm ssppeecciieess have shown their capacity to aacccclliimmaattee oorr aaddaapptt ttoo ddiivveerrssee cclliimmaattee ccoonnddiittiioonnss. Within a context of cclliimmaattee cchhaannggee, those species that present vvaarriiaabbllee loci in ggeenneess
iinnvvoollvveedd iinn ffuunnccttiioonnaall rreessppoonnsseess ttoo cchhaannggiinngg cclliimmaattee variables may have mmoorree ooppttiioonnss ttoo rraappiiddllyy aaddaapptt to locally changing environments. UUnnddeerrssttaannddiinngg tthheessee aalllleelleess putatively associated with
acclimation could aid to pprreeddiicctt tthhee rreessppoonnsseess ooff ssppeecciieess to the ffuuttuurree ccoonnddiittiioonnss and to mitigate biodiversity loss.
AAppoorrrreeccttooddeeaa ttrraappeezzooiiddeess Dugès, 1828 is one of the most wwiiddeellyy ddiissttrriibbuutteedd ccoossmmooppoolliittaann ssppeecciieess in temperate habitats: their geographical distribution (which includes a range of different cli-
matic conditions) make it an iiddeeaall ccaannddiiddaattee to explore the relationship between their ggeennoommiicc vvaarriiaabbiilliittyy aanndd cclliimmaattee ((llaannddssccaappee ggeennoommiiccss))..

MMaatteerriiaallss aanndd mmeetthhooddss
TTwweennttyy--eeiigghhtt ppooppuullaattiioonnss from the Ibbeerriiaann PPeenniinnssuullaa aanndd
AAllggeerriiaa were selected to encompass the cclliimmaattiicc rraannggee ooff tthhee
MMeeddiitteerrrraanneeaann lliinneeaaggee IIII (following Fernández et al. 2012)
based on a preliminary PCA analysis including the main envi-
ronmental variables (such as temperature and precipitation).
In total, 113344 iinnddiivviidduuaallss were sequenced using dGBS, using
the restriction enzyme MsII, and an average of 2 million reads
per individual were obtained.

-QQuuaalliittyy ffiilltteerriinngg aanndd llooccuuss aasssseemmbbllyy was conducted with the
SSttaacckkss pipeline version 2.57. RAD-tags were processed using
process_radtags with the rescue (-r) and trimming (-t) features.
The Stacks populations module was next used to retain SNPs
present in at least 80% of individuals (r = 0.8) and the first
SNP from each RAD-tag using --write_single_SNP, in order to
reduce the linkage disequilibrium among loci.
-PPooppuullaattiioonn ssttrruuccttuurree was assessed using two different meth-
ods:
SSTTRRUUCCTTUURREE was run using the admixture model, putative K
from 1 to 9 and 15 replicates for each run. We used STRUC-
TURE HARVESTER and CLUMPP version 1.1.2 to determine the
most likely number of clusters and to average each individual’s
membership coefficient across the K value replicates, respec-
tively.
Population structure in DDAAPPCC was assessed by the function
snapclust using the genetic clustering mode
snapclust.choose.k and the Akaike Information Criterion (AIC)
function. To identify the optimal number of clusters, k-means
was run. The number of retained principal components (PCs)
axes and eigenvalues were chosen using the cross-validation
xvalDapc function from the adegenet R package. The DAPC
function assignplot was used to plot the probabilities of assign-
ment of the different individuals to the different clusters, while
the function scatter.plot was used to produce scatterplots of
PCs with eigenvalues as inset.
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PPrreelliimmiinnaarryy rreessuullttss
After filtering, a total of 666644,,333311,,446622 rreeaaddss from the initial 670,929,490
raw reads (99 % of reads retained) were retained, with an average
of 44,,995577,,669977 rreeaaddss ppeerr ssaammppllee (1,149,183 - 15,798,547).

Four individuals were discarded due to high missing data, resulting in a
final dataset of 128 individuals. The number of SSNNPPss obtained was 881144..

FFoouurr ddiiffffeerreenntt ggeenneettiicc cclluusstteerrss were identified by DDAAPPCC.. The mmoosstt ddiivveerr--
ggeenntt cclluusstteerr comprised samples from TTCCOODD and TTKKRRAA ((AAllggeerriiaa)).. The
other tthhrreeee cclluusstteerrss identified were sseeppaarraatteedd iinn aa llaattiittuuddiinnaall ggrraaddiieenntt
within the IIbbeerriiaann PPeenniinnssuullaa, with samples of TTCCAARR ((nnoorrtthheerrnnmmoosstt ppooppuu--
llaattiioonn,, ggrreeeenn)) sseeppaarraatteedd from the rest of samples, and then ttwwoo ggrroouuppss
ggeenneettiiccaallllyy mmoorree ssiimmiillaarr including samples from NNoorrtthhwweesstteerrnn--CCeennttrraall--
MMeeddiitteerrrraanneeaann IIbbeerriiaann PPeenniinnssuullaa,, BBaalleeaarriicc IIssllaannddss aanndd AAllggeerriiaa((iinn bblluuee))
and samples from SSoouutthhwweesstteerrnn--CCeennttrraall IIbbeerriiaann PPeenniinnssuullaa ((iinn rreedd))..

FFoouurr ddiiffffeerreenntt ggeenneettiicc cclluusstteerrss (consistent with the DAPC clusters) were
identified by SSTTRRUUCCTTUURREE with samples from TTCCOODD aanndd TTKKRRAA ((AAllggeerriiaa)) as
a distinct group and the rest showing different degrees of admixture.

FFuuttuurree sstteeppss

-DDeetteeccttiioonn ooff SSNNPPss uunnddeerr sseelleeccttiioonn will be performed using Bayescan,
PCAdapt (among others)

-LFMMs (Latent factor Mixed Models) and the Samßada program will be
used to study the aassssoocciiaattiioonn bbeettwweeeenn SSNNPPss aanndd eennvviirroonnmmeennttaall vvaarrii--
aabblleess, taking into account the population structure, which could be a con-
founding factor.

-SSNNPPss uunnddeerr sseelleeccttiioonn and those aassssoocciiaatteedd wwiitthh eennvviirroonnmmeennttaall vvaarriiaabbiill--
iittyy will be mmaappppeedd aaggaaiinnsstt a de novo assembled ttrraannssccrriippttoommee to obtain
ccaannddiiddaattee ggeenneess potentially involved in aaddaappttaattiioonn ttoo tthhee eennvviirroonnmmeenntt iinn
eeaarrtthhwwoorrmmss..

PCA analysis of the main bioclimatic variables characterizing the studied localities. Left: Factor scores of each locality.
Right: Factor loadings of the bioclimatic variables; in red if FL >70 (factor 1), in green if FL >70 (factor 2)
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