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Introduction

Madagascar:

-Isolated from India ~ 88
mya. (Upper Cretacic).

- 829% of endemic
vascular flora.

ndron also

K¢ il {

Slash-and-burn agriculture



Introduction
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Introduction

C. sahafariense

Genus Capurodendron:

Undescribed morphologies
Species only known from type specimen
Intermediate morphologies
Morpho/species complexes

Undescribed species
Extinct species ?
Hybridization
Current speciation

C. tampinense

C. androyense Climatic mﬁp of Madagascar

C. delphinense



Objectives

Priority Areas for Conservation in Madagascar

Main objectives:

Statut de conservation UICN
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- 1° Delimit the Capurodendron species
using phylogenomics.

éte|int Menacé

S0 EN Adcd - En danger
- 2° Estimate the potential distribution of iggg:'zz:ifz:; i SIUECHES

each species and establish the UICN . '
protection categories.

:‘ Annexe |, Rév. du 04/02/1977

Répartition géographique

Priority areas for conservation

/ \ o
Y,
] a
/
/

Species delimitation Potential dmcategory



Matterials and Methods

Seguences obtention: Undescribed species
Extinct species
Hunc!reds of genes per Hybridization 7
specimen are wanted Current speciation

Silica gel Herbarium samples
samples up to 80 years old

S

281 specimens:
239 ingroup
42 outgroup




Matterials and Methods

Library construction:

: 2

l End repair + A-tailing

1S3 1S2
- A< 2 =
——— @ - P
151 153
l Ligation of I1S1, 1S2 and 1S3 (T4 DNA ligase)
R — T
T A
l Filling (BST polymerase) BB Pl Target fragment
ol A
—me— — anms La)
A T = I
T A >
e ———J—s
l Barcodes + P5 + P7 added by PCR
P5 = amplification primer P7 = amplification primer
o St —— A ; —y 15 = index, or barcode on P5 end 17 = index, or barcode on P7 end
P5 IS5 \7 P7 SP1 = First sequencing run primer SP2 = second sequencing run primer
(Kircher 2011)

281 specimens:
239 ingroup
42 outgroup

281 Libraries




Matterials and Methods

Baits design:

Newly sequenced genomes

Bemangidia lowryi  C. delphinense
81 million reads 51 million reads
20x — 40x 2X — 20x

281 specimens:
239 ingroup
42 outgroup

281 Libraries




Matterials and Methods

Baits design:

GenBank transcriptome Newly sequenced genomes

Manilkara zapota Bemangidia lowryi C. delphinense
81 million reads 51 million reads
20x — 40x 2x — 20x

281 specimens:
239 ingroup
42 outgroup

281 Libraries




Matterials and Methods

Baits design:

Newly sequenced genomes

GenBank transcriptome

: :\95- i W
Bemangidia lowryi
81 million reads
20x — 40x

51 million reads
2X — 20x

Baits: small DNA sequences comp
that allow us to capture these loc
DNA solution by hybridization

Baits designed for:

Baits design

227 microsatellites n———) Sy
532 genes from Tseboneae ) Spe

262 genes from Angiosperms mpy SUP
(Johnson et al. 2018)

Baits for 1020 loci:

793 genes
227 microsatellites

281 specimens:
239 ingroup
42 outgroup

281 Libraries




Matterials and Methods

Gene Capture

Gene Capture

GenBank transcriptome Newly sequenced genomes 16-48 hours
&) ) i j ) 60-65.°C
— m—) — c
p ) —) m— +
— — —

Magnetic
Denaturated total library Baits of target region with hybridization Streptavirin
(single strand) Biotin beads

0N
i

Bemangidia lowryi  C. delphinense —
81 million reads 51 million reads ~—"
20x — 40x 2X — 20x ( Iy
_—
DNA:not captured

Capture
‘Baits design

789?;2”1;? 1020 loci: \L&

227 microsatellites \\_\\\_g

Elution and PCR amplification

Captured gene

281 spécimens:

239 ingroup [

42 outgroup

Pooled in 7 tubes according
to size and baits specificity

Vg
Gene Capture

281 Libraries




Matterials and Methods

Sequencmq Example of tubes sent to
. Al ! Silica gel
GenBank transcriptome Newly sequenced genomes - A o
| / N
c /‘ \ //
S N
© / \\ L
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3 SEA O i
id . f' \\
Bemangidia lowryi  C. delphinense . |
81 million reads 51 million reads W \ IV
20x — 40x 2x — 20X : — A -
Size

taits design

Baits for 1020 loci:

793 genes
227 microsatellites

281 spécimens:

239 ingroup L

42 outgroup

Pooled in 5 tubes
according to size

Unicopy genes

Multicopy genes

Gene Capture

281 Libraries
Captured loci

lHlumina
sequencing

Pooled in 2 tubes
according to size

|



Seguencing

Matterials and Methods

GenBank transcriptome

Manilkara zapota Bem

81 million reads

GTECACARTGCCATGT
GCTECACAATGCCATGT

GAATGACAATATAAAT

! | Baits design

CTCACATTCCCTACACTOGETTAR

GAATGACRATATAGATAACCCATTTCAGRATCA?

A
Newly sequenced genomes '__1
2
(7p]
et
o
o
(&)
S
NS Gene 2
[<5) < >
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E i
>
, : pa >
angidia lowryi phinense
51 million readS " i S e M ——— A | . § L . sa8es -
2X — 20x
CrCACATTCCCTACACTCGLTTA TARGT T ARTECC A

ARCTTCCTCAATCCCCATTATTATARTATTIAL

CCAGAGGETGCTGETGCTTTTCTTTTGT,
CCAGACCETGCTGEGTGCTTTTCTTTTGT,

TCACTCAACATGCATCGCTCTTTTACAT
ACATAACTCAACATGCATCGCTCTTITTACAT

Baits for 1020 loci:

793 genes
227 microsatellites

Sequences for

phylogenomic analyses

281 spécimens:

Ll

239 ingroup

Pooled in 5 tubes
according to size

42 outgroup

Gene Capture
Captured loci

Pooled in 2 tubes
» according to size

=== 281 Libraries

@ 2 == Unicopy genes
c'c

== \
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Results

Gene Capture has been very efficient mmmp Storing method and collection year had not a strong impact

1D
1(1)
1(1)
2(1)
302)
2(1)
3(2)
1(1)
8(7)
32
5(1)

[ —

11(1)
4
2(1)
2(1)
4(1)
1(1)

o =+

810
Max. number of genes

790
770
~
f
™
[-.
» 750
<
g
175}
L 730 msilica
)
o M herbarium
%710
=9
S
690
670 2
5
al)
a
650 o
W~ O wn T N N - O 0o NN O — © W O Nl — 00~ v <Nl — N
— = = = = = — O D O O O O O OO0 OO O OO NN NN NN N
o oo oo oo oo oc oo oo oc o oo oo NNV OO OO OY
& I o TS I e BN I ot I o T o I o T o [ o I o I o I o I o I o I o I B e B e B B e T T e T e B e B e B T B B B e B e T T e B B
Collection year X/
86 years old

Fig. 2, Number of obtained genes according to the kind of sampling storage (silica-gel or herbarium) and collection year. Values in the upper part indicate the

number of analysed samples per year, with the number of failed specimens between brackets.



Results

Ingroup {max.)
Gene Capture worked well 8 9823333

even In Other SUbfamI I 1€S %{' delphingnse lineage — 6
e 38
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Fig.1 Maximum likelihood tree of 192192 SNPs from3519 coding genes and 444 OTUs (222 specimens). The major clades have been collapsed at tribe, genus or infrageneric lineage levels.
Bars in the right margin indicate the average number of captured genes per clade and their standard deviation. The number of specimens per clade is indicated at the right margin.



Results

Microsatellite Capture efficency is low s Independent of the number of reads / collection year

Kx= Specimen used for baits design

250 30000000
Tseboneae Microsatellites
Capurodendron Reads
” 25000000
§ 20000000
= 150
5 5
.g 15000000 g_
= 100
10000000
50
j i 5000000
0 H thL
> & ®
Q a o ' Q . 0 Q \ % b@ W
Q?‘\ q,\x“v .@3@ x&“ d\\‘;\'o @i@e C'SQ C'gﬁ & & C& 0‘\% @Q %‘DQ & e\\@c} 6\0@ 5‘6&. 0@
R I SN N &
cﬁ"@\ R © & & S p
Infgroup’ ¢ ¢ Intermediate Outgroup

O M ANNTOOONNNOVOV OV OUOULIY I T ITITITINONNOVONN—TOOMANOOOMMANNM

= T T T T - - O 0000000000000 00DO0O0O0OOOOOOY YOO YVWLLLWLWLIWM

O OO0 0000000000000 o0 oo oococococoococrOrrcrccc00 O

AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN A AN AN AN AEAEAEANEAEAE AN """ T T T T T YT T T e
Number of microsatellites obtained according to collection year (only ingroup)



Results

Microsatellite Capture efficency is low m=smmp Strongly dependent of phylogenetic proximity

Average n° of microsat per clade . Not captured Captured .
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Fig. 4. Matrix showing falled microsatellites (black squares) and obtained (white squares) for each specimen and phylogenetic lineages.
Numbers in the right margin indicate the average number of microsatellites succesfully obtained.



Putative paralog copies

154 genes

SD _i
0

Gene selection
638 genes

Results
meessssss————) Phasing

154 genes 638 genes

Genes

Phylogeny

Cohalescence (BEAST):
-Sequences -34 genes
-444 OTUs -110574 bp
-72576 computing hours

Same tree
topology

Gene with ambiguities (2 alleles)

M
Allele 1 Allele 2

Haplonerate Haplonerate

Phased/partially
phased allele2

Phased/partially
phased allelel

Maximum Likelihood (RaxML):
-SNPs -519 genes
-444 OTUs -192000bp
-4838 computing hours




Baits worked
well in all the
tribes

New projects
has been
started using
the same baits

RaxML tree 519 genes

Results
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Results

~ 49 clades/morphologies candidates for

new species

= new species

Only 26 species described

23 new species?
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Results

Described

species

Undescribed species

= new species

>




Multi-species
coalescent tree (5

genes)

Results

STACEY analysis for species delimitation

UL

Putative species are indicated in black squares

Conspecificity: 0% [] 50% [] 100% I}




Multi-species
coalescent tree (5

genes)

Results
STACEY analysis for species delimitatl
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Results

Arid species complex




The Gene Capture has been very efficient.

Designed baits can be aplied to all Sapotaceae family.

Microsatellite capture only works well in the reference ¢

Tseboneae tribe may contain up to 23 undescribed species
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