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Madagascar:

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

- 829% of endemic
vascular flora.
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Main causes of specie

Putative extinct species
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Capurodendron Capurodendron
nanophyllum antongiliense
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How to decide which forest preserve?
How to know the quality of the forest?
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Introduction

The Sapotaceae family:

Gauticr & al. » New species, genus and tribe of Sapotaceae

Tropical trees. :

Appreciated wood.

Slow growing trees from undisturbed areas

Highly represented in Madagascar (10% of worldwide species).

Understudied in Madagascar.

TAXON 62 (3) - October 2013: 972-983

genus and tribe of Sapotaceae, endemic to Madagascar
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A REINSTATEMENT, RECIRCUMSCRIPTION AND

REVISION OF THE GENUS DONELLA
(SAPOTACEAE)

Author for correspondence|
Abstract Phylogenetic rel MADAGASCAR CONSERVATION & DEVELOPMENT
unclear until now. Recent|
terminals, were used to ]
(nH-psbA) with Bayes ARTICLE
recovered monophyletic.
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o . MackINDER', D. J. HArRIS' & L. GAUTIER?

nella Pierre ex Baill. is here reinstated and Austrogambeya Aubrév. i
led in synonymy based on the findings of recent combined molecula|
studies. S species are gnised, two of which, Donella ral

letic and sister to Sapote

Les Sapotaceae de Madagascar|deux nouvelles |

hekinder and D. humbertii Capuron ex Mackinder & L.Gaut., from

especes du genre Mimusops L.

re described here for the first time. The flowers of Donella ambrensi)
e described here for the first time, as are the fruits of D. guereliana.
i 2

ecies of My - el
liemicto M  11. Donella ranirisonii L.Gaut. & Ma:lnder sp. nov. Figs 6 Is .9
lata, oceyl
Richard Randrianaivo Missouri Botanical Garden ame with = Fig. 8. Donella
Madagascar Research and Conservation Program
range and
BP 3391, Antananarivo 101, Madagascar &
E-mail: randrianaivo.richard@mobot-mg.org
Loza
ABSTRACT nanto a un role économique, culturel et biologique important a
Members of the family occurring in 'S Son bois est souvent cité parmi les essences utili /
various forest types, are mostly known as nanto in local dia- sées dans la construction traditionnelle. Le bon bois de nanto > VY
lects: some of their cultural and social values are described __est recherché pour |'s la o ( 1cm o

7. Donella humbertii Capuron ex Mackinder § L.Gaut. sp. nov. resembles Donella perrieri Lecomte but differs in having
slender and shorter petioles, 5-7 mm (not 10 ly narrower leaves 1.6-2.8 cm (not 2.1-6.9 cm) wide,
pedicels slender and shorter 2-3 mm (not 4-7 mm) long and seed scar elliptic or narrowly elliptic (not linear). - Type:
Madagascar, Vallée du Menavava, fl. xii. 1905, Perrier de la Bathie 8783 (holo P (P00752279); iso P (P00752278). Figs 3, 4.

Fig. 4. Donella humbertil L. Gaut. & Mackinder sp. nov. A, Holotype
PO0752279. B, Close-up of the leaves of isotype PO0752278 to show venation
above and below (Perrier de o Bathie 8783)

A .

Shrub or tree 2-13 m, dbh 25-30 cm measured on trees of 13 m and 10 m, respectively, bark rough. Petioles 5-7 mi
long, ferruginous tomentose, later becoming glabrous or almost so. Leaves ovate, narrowly ovate or oblong-ellipti

fresh condition. B, Detail of venation (adaxial side). C, Detail of venation
(abaxial side). D, Dried fruit. E, Cross-section of fruit in fresh status. F, Seed
from front and side view. Drawn from Gautier & Ranirison 5387 by Gabriela



Labramia bojeri
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Labramia costata Labramia costata
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Capurodendron

Mimusops coriacea  Sideroxylon
androyense

betsimisarakum
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Chrysophylloidea subfamily
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C. sahafariense

Genus Capurodendron:

Undescribed morphologies

Intermediate morphologies
morpho/species complexes

U

Undescribed species o
Hybridization ?
Current speciation  =®

C. tampinense

C. androyense Climatic maB of Madagascar

C. delphinense



Introduction

Main objectifs:

- 1° Delimit the Capurodendron species
using phylogenomics.

- 2° Estimate the potential distribution of
each species and establish the UICN
protection categories.

1 [Tsebona macrantha LG5509
100 Tsebona macrantha RIR116

Sapotaceae LG 5790

Sapotaceae LG 5784

Sapotaceae LG 5786 : Py
Sapotaceae LG 5789 (ner-vI‘s);:ggiles) gzﬁagneg;gg
Sapotaceae PPL 6657

80 ooy ) —Sapotaceae SF

= 1 Capurodendron delphinense
@od&ndﬂ)n androyense
g Capurodendron microphyllum
1 100 Capurodendron mandrarense
Capurodendron greveanum

Capurodendron gracilifolium
Capurodendron nodosum

-

Priority Areas for Conservation in Madagascar

'Y

LR
W Priority 4
Priority §
Priority 6

L

Occurences of HED Top §
e C.sp_2
o C. ludiifolium
C. delphinense
@ C. apollonioides
C.sp_1

Priority areas for conservation

D

Capurodendron LG 5762
Capurodendron pseudoterminalia
Capurodendron cf. bakeri LG 5788

Capurodendron cf. bakeri LG 5780
Capurodendron bakeri LG 5491
Capurodendron bakeri LG 5554
Capurodendron bakeri LG 5553
Capurodendron sakalavum LG 4670
Capurodendron sakalavum LG 5675
Capurodendron sakalavum LG 5570
=~ Capurodendron sakalavum LG 5669
Capurodendron sakalavum LG 5681

Species delimitation

TS

Nom binominal

Lemur catta
Linnaeus, 1758

Statut de conservation UICN
Pr'er%ﬁup.
EX ' [EW) |CR @ VU (NT) [LC

EN Adcd - En danger

éttelint Menacé

Statut CITES
!.&.nnexe I, Rév. du 04/02/1977

Répartition géographique

Potential distribution, UICN category



Sampling

1994-2002

Sampled areas




Sampling

Some field images:




(@)
=
Q.

=

S
Uy




ampling

Some field images:
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Recognize Sapotaceae



Sampling

Recognize Sapotaceae in the f|eId

Aubréville branch

Labramia bojeri F ’ | Faucherea sp. nov.




Sampling

Recognize Sapotaceae in the field:
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Collecting:
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Sampling

- 4()
285 02011-2014
(o)

362 specimens collected, Drying the samples
~25 undescribed morphospecies
from a single trip



Matterials and Methods

Hundreds of genes per

Seguences obtention: specimen are wanted

Silica gel Herbarium samples
samples up to 80 years old

281 specimens:
239 ingroup
42 outgroup




Matterials and Methods

Library construction:

: 2

l End repair + A-tailing

1S3 152
- 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 e — % ; = -‘ 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 delphlnense
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

: i
Bemangidia lowryi
81 million reads
20x — 40x

Manilkara zapota

C. delphinense
51 million reads
2X — 20x

281 specimens:
239 ingroup
42 outgroup

281 Libraries




Matterials and Methods

Baits design:

GenBank transcriptome

Manilkara zapota

Newly sequenced genomes

‘:\95- 4 S y. ’
Bemangidia lowryi  C. delphinense
81 million reads 51 million reads
20x — 40x 2x — 20X

Baits design

281 specimens:

239 ingroup
42 outgroup

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

Baits designed for:

227 microsatellites n—————) S
532 genes from Tseboneac mmmmmp  Sp

262 genes from Angiosperm ) SUP
(Johnson et al. 2018)

Baits for 1020 loci:

793 genes
227 microsatellites

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

281 Libraries
Gene Capture




Matterials and Methods

Sequencing Example of tubes sent to
. Al Sillica gel
GenBank transcriptome Newly sequenced genomes ‘
c )'\
i) I
1<
S
[
o
O
Manilkara zapota Bemangidia lowryi C. delphlnense |
81 million reads 51 million reads vl
20x — 40x 2X — 20x '

! | Baits design

1 Baits for 1020 loci:

793 genes
227 microsatellites

h‘aw#, u"]i"n ) 14 ‘:-jilv u:(llli »l. .‘ﬁ "
kLA i
T N A

w
';.;;m:u"' i e i

B

R R T L

JH L | L]

1 L 1

D ATRIN u
TR N

281 spécimens:

239 ingroup
42 outgroup

Gene Capture
Captured loci
IHlumina
sequencing

281 Libraries



Matterials and Methods

Sequencing (Illumina method)




Matterials and Methods




Seguencing

Matterials and Methods

GenBank transcriptome

Manilkara zapota

Bemangidia lowryi

Newly sequenced genomes

C. delphlnense
51 million reads
2X — 20x

81 million reads
20x — 40x

! | Baits design

Number of copies

Baits for 1020 loci:

793 genes
227 microsatellites

281 spécimens:

239 ingroup
42 outgroup

Ll

281 Libraries
Gene Capture

Captured loci

|

<
«
i -
&
Gene 2
< |
o 1 1 1 be|
3
CTCACATTCCCTACACTCGETTA, ARGCTTCCTICACTCCCCAT
CTCACATTCCCTACACTCGETTAR uﬁﬁPGGﬁ "GTrCCrCAACCCCCA””A”TqquTqTPﬁﬁ
CTECACRATGCCATCTGA? GRCCAGACEETGCTGETGCTTTTSTTTTOT.
CTECACAATGCCATCETGAR GACCACGACECETGCTGETGCTTTTCTTTTST
GRATGACRATATARAT. £:3 LR TCACTCARCATGCATCGCTCTTTTACAT
GRATGACRATATAGAT. :3 [ CLR TARCTCARCATGCATCGCTCTTTTACAT
Example of sequences '
(@))
o C
cC 'O
£S5 Sequences for
> O o
=g phylogenomic analyses
[7p]



RaxML tree from SNPs



Baits worked
well in all the
tribes

New projects
has been
started using
the same baits

Results
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Results

Capurodendron

100

89 . madngascariense H2
89 C. madagascariense
185 C. madagascariense
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100

100

n
100

100

100 7 104b B, lowry

—1 1040 B. lowry H2

121 B. sp. nov. H2
121 B. 5p. rov.

122 B. sp. nov. H2
122 B. sp. now.

100
100

137 T macrantha
137 T macrantha H

100 214 T macrantha H2

100 214 T macrantha H2
|_|:124 T macranthe
100 124 T macrantha H2

Bemangidia sp. nov.

| Bermangidia lowry

C. madagascariense

)
Tsebona macrantha
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154 . warezense (. suarezense

155 C. samezense 12

155 C. suarezzrse
NS

arezenie HL

166 5p 23
1660 B | o S
C. randrignaivoi sp. nov,

10
TS costatum H

T2 costum H2
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e p N2
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84 C. sohafariense
840" sahaforienss H2
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b

C.sp. nov 3

$C alaforiense C. sahafariense
" sohafariense H
70 sahafuriense
103C p 22 .

y M
1050 o 212 I C. sp. now 22

iy

o gon | C oS
1870 325

C.sponov 17

C.spomiov. 4

36 C. perriert
36 C. perrieri 112
—— 46 perrieriH . o
16, pernieri C. perrieri
—— 410 perrien HY
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14 porrien H
114C perrieri
192 C. pervillei 112

SO pervillel
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— 164 C perviflei
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— 76 C. perviilei 111
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A8.C. perviert var oblongifoim H2
gifa i
— 44 (7 pepriert var nbiongilo Gin
— 44 (" persieri va: oblongii fun 112
49C. peryieni var. oblongiflium HY
— 49" perrieni var, oblongifolism
100 190 €. pervieri var oblongifirion
190, perert v oblongifohum H2

C. ehlongifolim sp. nov.

Results

~ 49 clades/morphologies candidates for

new species

= new species

Only 26 species described

23 new species?
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36 C. perrieri 112
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192 C. pervillei 112

1% 165 pemite
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100 190 €. pervieri var oblongifirion

190 . pernieri war oblbmgifolum H2

C. ehlongifolim sp. nov.

Results

Described

species

Undescribed species

= new species

>




Multi-species
coalescent tree (34

genes)

Results

STACEY analysis for species delimitation

UL

Putative species are indicated in black squares

Conspecificity: 0% [] 50% [] 100% I}
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Results
STACEY analysis for species delimitatl
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Results

Arid species complex




Selection of priority areas for conservation

Adequate data

Extinction

Evaluated

All species
—_—>

risk

Data Deficient (DD)

| Not Evaluated (NE) |

MaxEnt
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Selection of priority areas for conservation

Adequate data

Evaluated

All species
—_—>

Known occurences

Broc!imauciayers* Simplified geologyx
P -

Modelling

Data Deficient (DD)

1

Not Evaluated (NE)

Kernel density

Extinction
risk

Tree cover

Prediction

Capurodendron Species Richness

on Madagascar
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e
.
-
o

I
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.
.lll |
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M
13,

__' Eiorrme

Species Richness

i1
13
q
5

15 Capuroderdron species



Selection of priority areas for conservation

i
,- Terrestrial Existing Protected Areas
New Priority Areas
Priority 1
B Priority 2
Capurodendron Species Richness o I Priority 3
on Madagascar A I Priority 4
\ . W Priority 5§
Priority 6

Occurences of HED Top 5
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Sampling

Some field images:
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Sampling

Some field images:
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Sampling

Some field images:
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Gasterocantha sp. Geoplanidag sp.
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Sampling
Some field images: | Tambourissa p. (fleurs )

y

Y Ao

[ ‘é?wy'ég d rQ‘n 'sp_ (fruit) "'Q; a2 Tambourissa sp. (flowers J)




Sampling

Some field images:

.y N _ .
.’ g - ’ 3 A g L P
: Rho'éﬂcarpus sp. Sarcolaen'agcaridrﬂora < }.. i € <




Sampling

Some field images:

Gymnosiphon sp. Sciaphila sp. (Triuridaceae) Seychellaria sp.

(Burmanniaceae) o (Triuridaceae)
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Matterials and Methods

Library construction:

Sample
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Silica gel Herbarium samples
samples up to 80 years old
Year 2010 1991
Sonication:  8x 2X
cycles

281 specimens:
239 ingroup
42 outgroup




Results

Gene Capture has been very efficient mmmpStoring method and collection year had not a strong impact
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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
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Fig.1 Maximum likelihood tree of 192192 SNPs from519 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.
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Results

Microsatellite Capture efficency is low ) |ndependent of the number of reads
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Fig. 3. Average number of captured microsatellites (black bars) and reads (gray bars) obtained for each clade. Vertical lines on bars indicate the standard deviation.

speay]



Results

Microsatellite Capture efficency is low =) Strongly dependent of phylogenetic proximity
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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.
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