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@ Orepopulation
Flow of individuals

POPULATION CONNECTIVITY
Exchange of individuals between geographically separated
populations.
. Capture- e
thﬂ.cal mark. Diffusion Genetic
racking models
recapture

Usually consider

as empirical

.. but also subject to bias,
especially due to sampling

Is the connectivity estimated by genetic approaches representative of reality?
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DNA extraction,
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Tissue samples Genetic data Specific tool Connectivity network
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Tissue samples
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\» Some individuals of
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Gene flow :

allele frequency = connectivity that best
explains the structure of genetic
divergence between populations

DNA extraction,
sequencing

Genetic data Specific tool Connectivity network
T e Y
Genetic ®  One individual
identity Sampled population
/\ - /_\....
g o 2 %%
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Clustering :

clustering of individuals according to their
genotype = detection of first generation
migrants

Parentage assignment :
assignment of juvenile to potential parents
- detection of first generation migrants

Among the genetic approaches, which one is the most reliable?
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Is the connectivity estimated by genetic approaches representative of reality?
Among the genetic approaches, which one is the most reliable?

Real connectivity network Networks found by tools
. Sub-sample Apply the ) %o
.‘z;‘ -> esrlmr:tlijcladtaeta =  simulated = available -> “,. .,.
g data tools .‘z;‘ “"

Compare to evaluate tools
accuracy
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Demographic configuration:
3 populations
*  Unidirectional flux

S : C : Simulation :

.:: . e .:: . e Tree of genome heritage :

o o ° o o ° * create diversity from a unique common
o (]

ancestor model genome
- msprime (Kelleher et al., 2016)
* realistic simulation of 10 000 generations
each reproduction events: migration,
mutation, recombination
- SLiM (Haller and Messer, 2019)

Genomes of the all individuals alive at the end of the simulation
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Population size: Migration rate: Demographic configuration:
< 125 < 1% 3 populations
« 250 2% *  Unidirectional flux
+ 500 * 4%
/ N - 8%
°° °° Simulation :
.:: .5 .:: -5 Tree of genome heritage :
° = ° ° = o * create diversity from a unique common

ancestor model genome
- msprime (Kelleher et al., 2016)
* realistic simulation of 10 000 generations
each reproduction events: migration,
mutation, recombination
- SLiM (Haller and Messer, 2019)

2 demographic variables, 12 demographic scenarios with 30 replicates
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Population size: Migration rate: Demographic configuration:
© 125 « 1% 3 populations
+ 250 * 2% *  Unidirectional flux
+ 500 * 4%
/ N . 8%
o o Simulation :
.:: . .:: -5 Tree of genome heritage :
o o ° e o ° * create diversity from a unique common
< ‘ ancestor model genome
Sub-sampling - msprime (Kelleher et al., 2016)
o * realistic simulation of 10 000 generations
Individuals: SNPs: each reproduction events: migration,
+ 100% * 1% (-6000 SNPs) mutation, recombination
« 30% * 0.2% (-1500 SNPs) - SLiM (Haller and Messer, 2019)
+ 10% * 0.1% (-800 SNPs)

Sub-sampling both individuals and SNPs = more realistic and affordable sampling
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Population size: Migration rate:

e 125 e 1%
. 250 « 2%
« 500 e 4%
. . 8%
o ® o ®
o0 o o o0 L)
°o® e o °® e o
o. o ® 0. o ® —
[ ]
Sub-sampling
Individuals: SNPs:
* 100% e 1% (-6000 SNPs)
* 30% e 0.2% (-1500 SNPs)
* 10% e 01% (-800 SNPs)
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BA3 SNPs
divMigrate
SNML flow
Coancestry network
DAPC
SNMF
Sequoia

Sequoia trio only
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— 04 ®
9
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—_— ®

Apply commonly used tools to estimate connectivity on the simulated data 2 connectivity networks
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2
1 3
Simulated
network

mismatch

Mean of :

*  Graph diffusion distance on binary
graph (Scott and Mjolsness, 2021,

*  Scaled absolute mean error

2
e N\
1 3
Network

estimated
by the tool
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mismatch

2 2
/ \ Mean of : / \
1 3 1 3

*  Graph diffusion distance on binary

Simulated graph (Scott and Mjolsness, 2021, Network
|mtu a i *  Scaled absolute mean error estimated
networ by the tool
0 0.25 05 0.75 1 125 150
exact right —/
answer
2
1 3

0.00
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mismatch

2 2
/ \ Mean of : / \
1 3 1 3

*  Graph diffusion distance on binary

Simulated graph (Scott and Mjolsness, 2021, Ne_twork
Sebwork »  Scaled absolute mean error estimated
by the tool
0 0.25 0.5 0.75 1 125 150
A—p
exact right over- or
answer underestimated
intensity

1/2\3 1/2\3

0.00 0.11
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mismatch

2 2
/ \ Mean of : / \
1 3 1 3

*  Graph diffusion distance on binary

Simulated graph (Scott and Mjolsness, 2021, Network
Il Scaled absolute mean error estimated
network
by the tool
0 0.25 05 0.75 1 125 150
exact right —/ over-or  alow-weight edge
answer underestimated  added
intensity

1/2\3 1/2\3 1/2\

0.00 0.11 0.52
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mismatch

2 2
/ \ Mean of : / \
1 3 1 3

*  Graph diffusion distance on binary

Simulated graph (Scott and Mjolsness, 2021, Network
imulate *  Scaled absolute mean error estimated
network
by the tool
0 0.25 0.5 0.75 1 125 150
exact right —/ over-or  alow-weight edge .
: doesn't really make sense
answer underestimated  added
intensity

1/2\3 1/2\3 1/2\3 1/2\3

0.00 0.11 0.52 1.50



|~/ [ CONTEXT  PROBLEMATIC .-/l RESULTS  CONCLUSION | [/

0 0.25 05 0.75 1 125 150
exact right —/ over-or  alow-weight edge .
: doesn't really make sense
answer underestimated  added
intensity
2 2 2 \ 2
1 3 1 3 1 3 1 3
0.00 0.11 0.52 1.50

Mismatch < 0.5 > good assessment
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Is the connectivity estimated by genetic approaches representative of reality?
Among the genetic approaches, which one is the most reliable?

Real connectivity network Networks found by tools
. Sub-sample Apply the ) %o
.‘z;‘ -»> S|mg|ate = simulated = available -»> “, o
genetic data P R
data tools Y | @ ‘*‘"
- population sizes - % sampled - tool
- migration rates individuals
- % sampled SNPs

Compare to evaluate tools
accuracy
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method_type

. gene_flow
44

clustering
parentage_assignment

mismatch

3 3 C &

e e o o™
3@,‘? Qov 7

)

N

- There is not a single method performing better than the others



| - [ CONTEXT ~ PROBLEMATIC ~ METHOD  '|:{/'("  CONCLUSION | ||

Evaluate the impact of demographic and sampling variables on the mismatch value

ANOVA : sampled_individuals { | N EEEEEEEEE
mig_rate | [N
method 1

mig_rate:method A
mig_rate:pop_size 1
sampled_individuals:method 1
sampled_SNPs 1
pop_size:method 1 F.value
mig_rate:sampled_SNPs -

5000

pop_size:sampled_individuals 1
sampled_SNPs:method 1 4000
sampled_SNPs:sampled_individuals 1 3000
mig_rate:sampled_individuals 1 2000
pop_size 1000

Residuals 1

pop_size:sampled_SNPs 1

0 500 1000 1500 2000 2500

Mean.Sq

> Mismatch value is highly impacted by the individual sampling rate and migration rate
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Gene flow

\ N

N

10% individuals sampled 30% individuals sampled 100% individuals sampled

\__/ method

-#- divMigrate_popnorm
—o— SNMF_flow_filtered

—A— BA3SNPs_filtered
05 1 \/ \\/

00 4

mismatch

T T T T T T T T T T T T

1 2 4 6 8 1 2 4 6 8 1 2 4 6 8
Migration rate (% migrants)
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Gene flow

7 sampling =\ error

10% individuals sampled 30% individuals sampled 100% individuals sampled

\__/ method

-#- divMigrate_popnorm

—o— SNMF_flow_filtered

e —A— BA3SNPs_filtered
05 \ﬁ
lN&

00 4

mismatch

Migration rate (% migrants)
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Gene flow Clustering
7 sampling = \v error T T
pling = e O o
o %
10% individuals sampled 30% individuals sampled 100% individuals sampled
15 4
method
-#- divMigrate_popnorm
§ 10 A ~o- SNMF_flow_filtered
E —A— BA3SNPs_filtered
0
£ -= DAPC
05 4 -e~ SNMF
A~ coancestry_network
00
12 1 6 81 2 1 6 81 2 1 6 8

Migration rate (% migrants)
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Gene flow Clustering

P p— Good if low migration

rate
10% individuals sampled 30% individuals sampled 100% individuals sampled
15 4
method
-#- divMigrate_popnorm
§ 10 A ~o- SNMF_flow_filtered
E —A— BA3SNPs_filtered
)
2 -%- DAPC
05 4 -~ SNMF
A~ coancestry_network
00
1 2 4 6 8 1 2 4 6 8 1 2 4 6 8

Migration rate (% migrants)
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Gene flow Clustering Parentage assignment
..
o:.

Good if low migration — X
rate 09 0e’®

10% individuals sampled 30% individuals sampled 100% individuals sampled

[ ]
7 sampling =\ error

15 4 method
divMigrate_popnorm
SNMF_flow_filtered
BA3SNPs_filtered
DAPC

SNMF

mismatch

05 4 coancestry_network

sequoia

IS DR O I R

sequoia_trio

00 4

T T T T T T T T T T T T T T T

1 2 4 6 8 1 2 4 6 8 1 2 4 6 8
Migration rate (% migrants)
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Gene flow Clustering Parentage assignment

Good if low migration Good if high sampling

7t eamiplig = S eior rate rate and migration rate

10% individuals sampled 30% individuals sampled 100% individuals sampled

15 4 method
divMigrate_popnorm
SNMF_flow_filtered
BA3SNPs_filtered
DAPC

SNMF

mismatch

05 4 coancestry_network

sequoia

IS DR O I R

sequoia_trio

00 4

T T T T T T T T T T T T T T T

1 2 4 6 8 1 2 4 6 8 1 2 4 6 8
Migration rate (% migrants)
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Gene flow Clustering Parentage assignment

Good if low migration Good if high sampling

7t eamiplig = S eior rate rate and migration rate

10% individuals sampled 30% individuals sampled 100% individuals sampled

15 4 method
divMigrate_popnorm
SNMF_flow_filtered
BA3SNPs_filtered
DAPC

SNMF

mismatch

05 - coancestry_network

sequoia

IS DR O I R

sequoia_trio

00 4

T T T T T T T T T T T T T T T

1 2 4 6 8 1 2 4 6 8 1 2 4 6 8
Migration rate (% migrants)
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Tool with the lowest mismatch for each individuals sampling rate and migration rate

10 divMigrate_popnorm coancestry_network BA3SNPs_filtered sequoia

METHOD

Gene flow
Clustering
Parentage assignment

RELIABILITY (1-mismatch)

30

08
06

. 04
02

individuals sampled (%)

100

migration rate

Genetic differentiation (FST)
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] Estimating connectivity network between populations requires much more intensive
= sampling of individuals than conventional estimates of population structure

Population structure Connectivity

estimate Individuals sampling ++ network estimate
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1.

Estimating connectivity network between populations requires much more intensive
sampling of individuals than conventional estimates of population structure

To estimate connectivity network, sampling more SNPs does not seem to compensate for
low sampling rates of individuals, contrary to what has been demonstrated for population
structure estimates

7 Connectivity
7 SNPs >< network reliability
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1 Estimating connectivity network between populations requires much more intensive
= sampling of individuals than conventional estimates of population structure

To estimate connectivity network, sampling more SNPs does not seem to compensate for
2_ low sampling rates of individuals, contrary to what has been demonstrated for population
structure estimates

Guidelines :
3 1 - Estimate population size and genetic differentiation using conventional approaches
= 2-Ifenough individuals are sampled, select an appropriate tool to access the
connectivity network according to your situation
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IE=AVA DATA SIMULATION

Demography Genetic
@« Aunique I
common
ancestor | I
U msprime I
E time
g — — 1181113
[T}
& E— R —
00 )\l
y '8 -
\ . 1Tl
— T Te— Je—>

& K —7—> K ———7F K
E indvs ——————» indivs ——————> indivs [I D D
& I I
S 3 hop % po Y
o pop ——————3 PoOp ———————% PoOp 7
= A —— I . '
£ —  —— NI

Y :: ————» Sampled simulation

genomes

At each reproduction:
- migration

- reproduction

- mutation

- recombination

Tree of genome
heritage starting from
the common
ancestor (the known
reference).

- We have access to
the genomes of the
final individuals
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SNPs
Population size: Migration rate: 1123 4 |5|6|7 8910 .
« 125 e 1% o 4% |1 |A|T|C|G
* 250 « 2% o 8% |3
« 500 3
/ N\
PR 4
o5
_g 6
=7
Sub-sampling = s
Individuals: SNPs:
. 100% - 1% (-6000 SNPs) 2
« 0.2% (-1500 SNPs) 10
e 0.1% (-800 SNPs)

Sub-sampling SNPs = more affordable sequencing
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SNPs
Population size: Migration rate: 11234 |5|6|7 8|9 10).
« 125 o 1% o 4% |1 |A|T C|6G
. 250 . 2% - 8% |2
« 500 3
/ N
° 4
Y [ ]
° ° nl 9
[ ] . [ ] .. _'g B
=9
Sub-sampling 2 e
Individuals: SNPs:
. 100% . 1% (-6000 SNPs) ?
« 30% « 0.2% (~1500 SNPs) L)
* 10% e 01% (-800 SNPs)

Sub-sampling individuals > more realistic sampling
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SNPs
Population size: Migration rate: 1123|4567 |89 10].
« 125 e 1% o 4% |1 |A|T|C |G
¢ 230 « 2% + 8% |2
« 500 3
/ N\
- 4
o5
_g 6
’ =7
Sub-sampling 2 P
Individuals: SNPs:
. 100% - 1% (-6000 SNPs) ?
.« 30% « 0.2% (-1500 SNPs) 10
* 10% e 0.1% (-800 SNPs)

Sub-sampling both individuals and SNPs = more realistic and affordable sampling
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populations size
125 250 [ 500

value

0.025

Hbbtbbg s

-0.025

st

-0.050

1 2 4 8 1 2 4 8 1 2 4 8
migration rate
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Evaluate the impact of demographic and sampling variables on the mismatch value

GLM:
abs(coefficient estimate)

sampled_individuals
mig_rate

pop_size
sampled_SNPs

sampled_individuals
mig_rate

pop_size
sampled_SNPs

sampled_individuals
mig_rate

pop_size
sampled_SNPs

sampled_individuals
mig_rate

pop_size
sampled_SNPs

divMigrate_popnorm

I
1
00 02 04 06 0.8

|

]
0.0 0.2 0.4 0.6 0.8
SNMF

I
0.0 0.2 0.4 0.6 0.8
sequoia

I
0 0.2 0.4 0.6

0.

0.8

sampled_individuals
mig_rate

pop_size
sampled_SNPs

sampled_individuals
mig_rate

pop_size
sampled_SNPs

sampled_individuals
mig_rate

pop_size
sampled_SNPs

sampled_individuals
mig_rate

pop_size
sampled_SNPs

SNMF_flow_filtered

1:
0.0 0.2 0.4 0.6 0.8
DAPC
—
[ ]
0.0 0.2 0.4 0.6 0.8
coancestry_network
—
[ |
0.0 0.2 0.4 0.6 0.8
sequoia_trio
|
0.0 0.2 0.4 0.6 0.8

pval
le 05

e s0
1e-100

1le-150

- Individual sampling rate and migration rate are the variables most heavily impact the final error
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Assignation a une population:
clustering des individus en fonction de leur
génotype > détection des migrants de
premiére génération

© Les populations fortement connectées
ne sont pas differenciables.

Network community detection
DAPC
SNMF
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P1: The more the weight of an edge
changes, the more it impacts the
distance value, d(GOGl <dGOG!)

P2: A modification that qualitatively
changes the flow (ie. changes the
source or sink character of a node or,
even worse, leads to an unconnected
graph) is more penalized than a
modification  of  flow intensity,
dlGO,62) < dGOG2) < dGOGE"),

P3: With equal graph size, the lower
the density of the graph, the more
impact a change has on the distance,
d(60,63) < dGO.G2)

@ Find an appropriate metric to compare connectivity networks.

P1

(0]

Ais still a source
Cand D are still
sinks

G2 G2 G2"
(5] (B ) (5]

O 0 0—0 0—-0
(D) (0] (D)

P2

Dis not
connected

Cis notasink
anymore

G3 e
Removing A->C means removing

0 a larger proportion of the flow in
G2 thanin G3



