Phylogenomics of the major tropical plant family An-
nonaceae using targeted enrichment of nuclear genes

Thomas L.P. Couvreur™”, Andrew J. Helmstetter!, Erik J.M. Koenen?,
Kevin Bethune!, Rita D. Brandio®, Stefan Little*, Hervé Sauquet*®, Roy H.J.
Erkens®

1 IRD, UMR DIADE, Univ. Montpellier, Montpellier, France
2 Institute of Systematic Botany, University of Zurich, Ziirich, Switzer-
land
3 Maastricht University, Maastricht Science Programme, P.O. Box
616, 6200 MD Maastricht, The Netherlands
4 Ecologie Systématique Evolution, Univ. Paris-Sud, CNRS, AgroParis-
Tech, Université-Paris Saclay, 91400, Orsay, France
5 National Herbarium of New South Wales (NSW), Royal Botanic
Gardens and Domain Trust, Sydney, Australia
* thomas.couvreur@ird.fr

Supplementary Information

(see next page)



Supplementary Table 1.
nonaceae and Piptostigmateae analyses

Specimen details

of taxa sampled for both An-

Subfamily Tribe Species Callector nmber Country INDEX TAG _total reads Mapped % cnrichiment_10x coverage_mean depth
Ambavioidenc Cleistophalis staudi Convieur, TLF. T2 TAGT 1708 0210 22 052 97

Ambavioidene Drepananthus ramaliflorus Sanquet, H 0 TAGIS 2676926 150278 6 066
Ambavioideae Meiocarpidium olvieranum Convrenr, T.LP. 10 TAGI3 3050072 343879 9 050
Aunagorcoidcae Anagagorea crassipetala Maas, PJM. 10 TAGZ 2648308 206748 10 067
noi Annoneae Annona glab Chatron, LW. 10 TAGHG ARSISE 622387 L4 03
Aunonoideae  Annoncae Anonidium mannii Coverur, TLP. 04 TAGHG 1613002 670019 42 089
amonoides Annones ‘Boutiquca platypetala x TLP. 12 TAGTL 30888 160180 42 091
Aunonoideae  Annoncae Diclinanona calycina \ 10 TAG20 1650060 220310 11 073
noi Aunoneae Goniothalamus borncensis Onstein, RE. 10 TAGH 301432 A4S 13 050
Aunoncideae  Annoncae Neostenanthera myristicifolia Convienr, T.LP. N2 TAGSO 268668 1s26113 43 091
Aunonoidcac  Bocageene Cymbopetalum costaricense Chatron, LW 10 TAGI) 27TION 533605 19 079
nmonoideae  Bacagee: schuchia al s, P.J 10 TAGR 70N 7656 11 052
Aunonoidea  Bocagecne Mkilua fragrans Ctmkuv T N0 TAGIS AMG®2 1323802 26 081
onoi Bocageene orcelia venezuclensis 10 TAG2T 277068 8T8 16 078
Amoncidose  Dugucien Duguetia staudtic N0 TAGIT 2854728 40393 15 083
Aunon Dugueticae ca peruviana 10 TAG2 247TsE2 5SS 20 056
Ammoniidone Dogoetiens Letestudora bella 1o TAGID 2219212 476138 21 0.3
Aunoncideac  Guatterica  Guatteria jefensis 10 TAG2 203408 50T 20 085
Aunoncidese  Monodoreae stemnthe asterias 10 TAGR 3SITI30  S6ass 23 056
Avnoncidose  Monodorseo  Islons lesrcirra N0 TAGT 2606 532526 16 083
Monodoreae  Mischogyne cllotianum 12 TAGHO 3190850 1045328 30 08
Am\ummlmu Monodorcae — Monodora myrist m 3 735 3 0.5
Aunon Monodoreax Sunrafactia ruffonams 1o 2 0581
Ammonidese Monodorene fvariastrum picrreann n2 18 057
Aunoncideac  Monodoreac  Urariodendron molundense var. citrata 1o 18 084
Aunoncideae  Monodoreae  Urariopsis vanderystii 1o 9 051
Aunonoideae  Uvarinene Dasymaschalon sp. 1o 15 083
Aunoncideae  Uvarinene Desmos sp. 1o 18 055
Aunonoideae  Usarinene Fissistigma s 1o 18 083
Aunoncideae  Uvarinene Friesodiclsia enghiana 107 30 056
Aunonoideae rincae Friesodiclsia cxcisa 1o 1 083
Aunoncideae  Uvarineae Monanthotasis sp. 106 33 090
monoidese  Uvarinene Monanthotazis congoensis n2 31 090
Aunonoideae  Uvarinene Monanthotais sp. 106 k) 0.00
noncideae  Uvarinene Uvaria grandifiora 1o 1 051
Aunonoideae  Xylopieae Artabotrys rufus n2 27 000
noncideae  Xylopicae Xylopia hypolampra n2 @ 092
Aunonoideae  Xylopiene ylopia peruviana 1o 17 085
Malmeoideae  Bocagee: Trigynaca sp. 1o 12 075
Malmeoidene  Malmecae Cremastosperma oblongum 1o 15 051
Malmeoideae  Malme Ephedranthus parvifiorus 1o 2 083
Malmeoi Malmeeae Klarobelia candida 1o 17 052
Malmeoidenc — Malmecae Mosannona vasquezii 1o 13 081
Malmeoides Malm Onyehopetalum periquino 1o 2 0581
Malmeoideno  Malmeeae Ozandra asheckii vana - Neotropical Botany 1o 15 081
Malmeoideae  Malmecae Pscudozandra angustifolia 1o 2 052
Malmeoideno  Malmecae Ruizodendron ovale 1o a1 085
Malmeoideae  Malmecae Unonopsis spectabilis 1o 17 081
meoi linseac Alphonsea kinabaluensis 1o 13 050
Malmeoidene  Miliuseae Desmopsis heteropetala 1o 5 070
almcoid Miliuseae Meiogyme sp 1o 17 0581
Malmeoidene — Miliuseae fonoon erianthoides 1o 16 083
Malmeoideae  Milinseae ria acuminatissima 1o 17 052
Malmeoidene  Miliuseae Orophea sp. 1o 15 052
Malmcoideae  Miliuseae Phacais pendens 1o 15 082
meoi Miliuseae 1o 17 053
Malmeoidene  Miliuseae Foposi e 1o 15 082
Malmeoideae  Miliuseae Sageraca lan 1o 16 053
Malmeoi Miliuseae Sopranthus viidiflorus 1o 17 082
Malmeoideae  Milinseac Stenanona humilis o Liars, B 1o 9 072
Malmeoideac  Monocarpicac  Monocarpia kalimantanensis Convrenr, T.L 1o 19 085
Malmcoideae  Piptostigmateac  Annickia ambigua Wicringa, J.J 106 “ 0.0
Malmeoidese  Piptostigmateac  Annickia ambigu ) o Republic of Congo 106 m 090
Malmeoideac — Piptostigmateac  Annickia ambigua Couvreur, T.LP. 78 Republic of Congo 106 10 091
Malmeoideae  Piptostigmateac  Annickia chlorantha Convieur, T.LP. a1 Cameroon 106 0 090
Malmeoi Piptostigmateae  Annickia kummerae Johnson, 192 Tan 106 18 091
Malmcoideae  Piptostigmateae  Annickia Rummerae Conveur, T.LP. 16 Tanzania 106 3601302 a7 092
Malmeoideno  Piptostigmateae  Annickia le testui Wieringa, J.1. 6360 Sabon 106 3328502 a 090
Malmeoidens Piptotigmatcac Ammickia pioss Canveur, T.LP. 850 Gabon 106 4166170 a1 091
coid Piptostigmateae  Annickia pilosa Convieur, T.L.P. s66 abon 106 3522156 a 091
Malmeoidene  Piptostigmateac  Annickia polycarpa Jongkind, C.C.H 10802 Gabon 106 182548 3 091
coid Piptostigmateac  Annickia polycarpa Hawthorne, WD 12 Shan 106 3137650 a7 090
Malmoideso  Piposigmeose  Annicis polirpa Hawthorne, W.D. 195 han 106 3003176 38 0.8
Malmeoideac Bricya facsiculata Canvienr, T.L 511 Cameroon 106 215171 30 090
Malmeoideae Brieya fucsiculata Coureur, TLP. 615 Cameroon 106 3912350 20 091
Malmeoideae Brieya fasciculata Canveur, T.LP. 578 Gabon 106 5169906 30 091
almcoi Pilosgmatene Diey foxcioslo Convieur, T.L.P. 77 Cameroon 106 1005010 27 00
Malmeoideae  Pipt seac  Greenwayodendron gabonicum Couvreur, T.LF. 888 Gabor 106 1585001 37 091
coid biptotiamatone Greengodondron gabonicin Convieur, T.L.P. 1080 Gabon 106 1047080 31 090
Mabmeoideno — Piptostigmateae Grecnwayodendron gabonicum Wicringa, J.J. su7 abon 106 5000256 3 001
Malmcoide iptostigmateac  Greenuwayodendson glabrum Lissambon, B.1. 1807 Cameroun 106 4732552 0 091
Malmeoidene Greenwayodendson glabrum ambon, 1745 Cameroun 106 as7ISI8 a 091
Malmeoideae Greenwayodendson btorale Wicringa, J.J 100 Gabon 106 ES 092
coid Piptatigmatens  Greemumyodndron torae Breteler, F. 14481 Gabon 106 a 091
Malmoskdews - Fiposignatese - Groenuayodendron lone de Wild, J.IFE. 1217 Gabon 106 1 091
meoideae iptosti Greenwayodendson olive Hawthorne, W.D. WH213A.142 Ghana 106 36 059
Nilmecidone  Dipttiomatons Gresegodondron lver Demenon, B 2116 Lib 106 3 0.8
Malmeoideae  Piptostigmateac  Greenwayodendson ofiveri fana, F. 120 106 3 059
Malmeoideno  Piptostigmateae  Greenwayodendron suavcolens Lissambon, B.J. 178 106 10 090
Vlmeokdse  Figtoigmaises  Groensayodnon sl Lissambon, B... 2100 106 3 090
Malmeoideae  Pipi Greenwayodendron suaveolens uvreur, T.L.P. i 106 1 091
Vilmosidens Piptentigmatens Grenwagedendron wieolen No Voucher 108 28 085
natese  Greenwayodend s No Voncher 108 30 056
Nabmoodene  biptosigmatens Grormoeyodontrn suvlons No Voucher 108 20 0.6
Malmeoideae  Piptostigmateac  Greenwayodendson usambaricum Jobnson, 193 106 m 057
Malmeoideno  Piptostigmateae alba Convrenr, T.LP. 7 106 3 090
Malmeoideae  Piptostigmateac  Piptostigma calophylium. Ghogue. J.P. 3000 106 29 090
meoiden Piptostigma cf Convrenr, T.L.P. 672 106 e 20 08
Malmeoideae  Piptostismateac  Pipfostigma goslincanum Couvreur, TLP. o83 106 157428 27 0900
Malmeoi Piptostigmateae  Piptostigma goslincanun Convieur, T.L.P. 1017 106 3159781 2 090
Malmeoideno — Piptostigmateac  Piptostigma goslineanum Convreur, T.LP. 1030 106 501846 2 000
Malmeoi Piptostigma goslincanum e, M. 2608 106 22361456 31 08
Malmeoideno Piptostigma goskincanum Convienr, T.LP. 1047 106 2804141 27 0.8
Malmeoideae Piptostigma macranthum Conveur, T.LP. 1134 106 2624380 27 089
Malmeoidene Piptostigma macranthum. Convrenr, T.L.P. 135 106 2780578 2 059
Malmeoidene Piptostigma macrophyllum Conveur, T.L.P. 1034 106 2013116 28 089
meoideas Piptostigma macrophyllum armentier | 050 106 1815166 20 057
Malmeoiden Piptostigma macrophyllum Convieur, T.LP. 518 110 2020712 9 077
Malmeoideae  Piptostigmateae  Piptostigma morfehanii Convieur, T.LP. 667 106 3766478 31 090
Malmeoideac  Piptostigmateae  Piptostigma mortchan Convrenr, T.LP. 136 106 3218702 3 0.8
Malneoidens PiptostigmateacPifostigna mulfinervium Convieur, T.LP. 616 106 27 059
Malmeoideso  Piptostigmateae  Piptostigma multineruium Convrenr, T.L.P. 637 106 32 093
Malmeoideae  Piptostigmateac  Piptostigna mulxmrmmm Couvreur, TLP. 649 106 3 088
meoid Piptostigmateac  Piptostigma oyem Convieur, T.L.P. o7 106 30 059
Molmeodese  Piptodigmatene Piiostigna opemnse Convieur, T.LP. 1139 106 28 0.8
Malmeoi Piptostigmateae  Piptostigma oyemense Convieur, T.LP. 523 106 32 08
Malmeoideno  Piptostigmateae  Piptostigma pilosum Convrenr, T.LP. 1070 106 2 0.8
Malmeoideae  Piptost Piptostigma pilosum Convieur, T.LP. 1103 106 2% 0.90
Malmeoideno  Piptostigmateae  Piptostigma sp. Wieringa, J.1. 6104 106 30 089
Malmeoideae  Piptostigmateac  Piptostigma sp. Couvreur, TLP. 603 106 28 090
Malmeoideae  Piptostigmateac  Piptostigma submontanum Conveur, T.L.P. 25 106 20 059
Malmeoideao  Piptostigmateac  Polyceratocarpus microtrichus roissart, V. 1881 106 26 0.0
Malmeoideae iptostigmateae  Polyceratocarpus parviflorus Conveeur, T.L.P. 632 106 27 091
Malmeoideao  Piptostigmateae  Polyceratocarpus parviflorus Convrenr, T.LP. 1036 106 2 091
Malmeoideae  Piptostigmateac  Polyceratocarpus pelligrinii Conveeur, T.LP. 575 106 2 090
Malmeoideno  Piptostigmatese  Sirdavidia solannona. Convreur, T.LP. 127 106 2 091
Malmeoideae _ Piptostigmateac _Sirdavidia solannona Convreur, T.L.P. 597 Gabon 10 TAGO 3826504 422715 11 083




Protocol 1: DNA extraction

Step 1: For each individual, about 1-2 cm? of plant material
(dried leaves) are put in a tube with a ceramic bead and grounded
twice during 40 seconds at 6m/s using FastPrep-24tm 5G Instru-

ment (MP BIOMEDICALS). Samples take then a powder-like
appearance.

Step 2: Samples are lysed during 3 hours at +65°C with 1mL
of lysis buffer (100mM Tris, 25mM EDTA, 1.4M NaCl, 4 %
MATAB, 1mM DTT) and 5pL of 1mg/mL proteinase K (Sigma-
Aldrich, # P2308).

Step 3: 10pL of 1mg/mL RNase (PROMEGA, # AT797C) is
added to each sample and incubation step at +37 °C for 1 hour
is performed.

Step 4: 1mL of chloroform:Isoamyl alcohol (24:1) is added to
each sample and tubes are mixed vigorously before undergoing
a centrifugation step at 6200g and +15°C during 20 minutes.
Supernatant is removed and placed in another tube. Step 4 is
done twice for a better purification of the DN As.

Step 5: 0.1 volume of sodium acetate (3M, pH=5) and 0.6 vol-
umes of isopropyl alcohol thermostated to -20°C are added to 1
volume of supernatant. Tubes are mixed gently and a centrifu-
gation step at 6200g and +4°C during 20 minutes is performed.
Supernatant is discarded to keep the pellet at the bottom.

Step 6: 1mL of ethyl alcohol at 70% is added to each sample.
Tubes are mixed gently and a centrifugation step at 6200g and
+4°C during 20 minutes is performed. Supernatant is discarded
to keep the pellet at the bottom.

Step 7: The pellet is dried a few minutes and then resuspended
in 200p.L of TE buffer (1X, pH=8). DNA concentration is checked
on a NanoQuant Infinite M200 (Tecan Group Ltd, Seestresse
103 8708 Minnedorf, Switzerland) and its quality is controlled
on agarose gel electrophoresis.

Protocol 2: Library preparation for multiplexed individuals follows
the published protocol of Rohland & Reich (2012) with some modifi-
cations and the inclusion of 5 additional steps (5-9) for the enrichment
procedure (biotinylated probes capture)

Library preparation (start)



e Step 1: For each individual, 100uL with around 3wug of to-
tal DNA are diluted in 0.65mL microtubes and sheared using
Bioruptor Pico (Diagenode) to a targeted 300 bp DN A fragment
size proceeding to 6 cycles of : 30 seconds “ON” + 30 seconds
“OFF”. Depending on the DNA degradation state, more or less
cycles are applied. Sheared DNA size is checked on a QIAxcel
12-channel Capillary Electrophoresis System using the QIAx-
cel DNA screening kit (2400) (QIAGEN, Hilden, Germany, #
929004).

e Step 2: Sheared DNA is blunted and 5’ phosphorylated using the
NEBNext® End Repair Module kit (New England BioLabs®
# E6050) by adding 5uL of 10X End Repair Reaction Buffer
and 5uL of End Repair Enzyme Mix in a final volume of 50uL.
The mix is incubated 30 minutes at room temperature (+22°C)
and the reaction is stopped with Agencourt® AMPure® XP
1x clean-up step (Beckman Coulter Company, 500 Cummings
Center, Suite 2450, Beverly, Massachusetts, # A63881). DNA
concentration is checked on NanoQuant to ensure enough mate-
rial is available for downstream steps.

e Step 3 : A total of 0.4 pmol of DNA fragments are ligated with
8pmol of MPE-P7 (TGACTGGAGTTCAGACGTGTGCTCTTC-
CGATCT), 8pmol of barcoded-P5-adapters (CTTTCCCTACAC-
GACGCTCTTCCGATCT# 6-mer #) using hexamer barcodes
observing an adapter:insert ratio of 20:1, 10 units T4 DNA ligase
and 2pL of 10X Buffer T4 (Thermo Fisher Scientific, # EL0011
and # B69) in a final volume of 20u.L and for 2.5 hours at +22°C
followed by a heat inactivation step at +65°C for 10 minutes. A
clean-up step is performed with 1x AMPure XP magnetic beads.

e Step 4: A nick fill-in step is performed using 16 units of Bst DNA
polymerase (New England Biolabs, M0275), 3uL of 10X Thermo
Pol Buffer and 1.5uL of 5mM dNTPs in a final volume of 30uL.
The mix is incubated for 15 minutes at +37°C. A clean-up step
is performed with 1x AMPure XP magnetic beads. DNA con-
centration is checked on NanoQuant to ensure enough material
is available for downstream steps.

Enrichment steps

e Step 5: A pre-hybridization PCR is performed using 20uL of
DNA, 25uL of KAPA HiFi HS Real-Time Master Mix (2X)
(KAPA BIOSYSTEMS, # KM2702), 25pmol (2.5uL/10nM) of
PreHyb-PE F primer (CTTTCCCTACACGACGCTCTTC) and
25pmol (2.5uL/10uM) of PreHyb-MPE R primer (TGACTG-
GAGTTCAGACGTGTG) following Rohland and Reich in a fi-



nal volume of 50ul and incubated in a LightCycler 480 Instru-
ment IT (Roche Molecular Systems, Inc.) for an initial 45 sec-
onds at +98°C followed by 55 cycles of 15 seconds at +98°C, 30
seconds at +62°C and 30 seconds at +72°C ended by a single
point fluorescence acquisition, with a final elongation of 1 minute
at +72°C. PCR is monitored and stopped after optimal cycles
are reached just before the plateau phase as recommended by
manufacturer. In our case, this varied around 8-11 cycles, de-
pending on the DNA quantity. A clean-up step is performed
with 1x AMPure XP magnetic beads. DNA concentration is
checked on NanoQuant to ensure enough material is available
for downstream steps and fragment size is checked on the QIAx-
cel.

Step 6 : Barcoded samples are equimolarly buked and in-solution
hybridization capture is carried out using around 500ng to 1lug
of total DNA in 7TuL, previously denatured by heat during 5 min-
utes at +95°C, 5.5uL of biotinylated MyBaits probes, 2u.L of 1%
SDS, 12p.L of 20X SSC, 1.3p.L of 400ng/uL BSA, 0.5uL of 100u.M
MPE-P7 primer (TGACTGGAGTTCAGACGTGTGCTCTTC-
CGATCT), 0.5uL of 100uM Univ Block P54+INOSINE primer

ume of 30uL and incubated at +65°c for around 17-18 hours
at 800rpm in a ThermoMixer® C (Eppendorf, Hamburg, #
5382000015).

Step 7: Biotinylated probes annealed to the target complexes
are then immobilized with 150ug of streptavidine-coated beads
from the Streptavidin coupled Dynabeads C1 kit (Invitrogen,
# 65001) previously washed and resuspended in 70pL with the
2X Binding Buffer supplied in the MyBaits kit. Immobilization
is conducted in a 100ul final volume for 30 minutes at 4+65°C
and 1200rpm in the ThermoMixer® C (Eppendorf, Hambourg,
Germany). Samples are then placed on a magnet plate to remove
the supernatant.

Step 8: Beads are then subject to three washes with 500ul of
Washing Buffer (WB 2.2 to prepare as recommended by the
manufacturer), each wash including a 10 minutes incubation step
at +65°C and 1200rpm in the ThermoMixer® C. Supernatant
is then removed while samples are placed on a magnet plate as
recommended by the manufacturer.

Step 9: Beads are resuspended in 25uL of TT Buffer (10mM
Tris-HCI, 0.05% Tween®-20) and incubated 5 minutes at +95°C
to release hybridized DN A fragments. Samples are quickly placed
on a magnet plate and the supernatant which contains the cap-
tured targeted DNA is retained.



Library preparation (continued)

e Step 10: A Real-time post-hybridization PCR is undertaken to
extend the adaptor sequence and enrich library fragments using
20pL of DNA, 25uL of 2X KAPA HiFi HS Real-Time Master
Mix (KAPA BIOSYSTEMS, # KM2702), 25pmol (2.5uL/10u.M)
of Sol-PE-PCR F primer (AATGATACGGCGACCACCGAGATC-
TACACTCTTTCCCTACACGACGCTCTTC) and 25pmol (2.5u.L/10uM)
of Sol-MPE-IND# R (CAAGCAGAAGACGGCATACGAGAT#
6-mer# GTGACTGGAGTTCAGACGTGT) following Rohland
and Reich (2012) in a final volume of 50ul and incubated in
a LightCycler® 480 Instrument II (Roche Molecular Systems,
Inc.) for an initial 45 seconds at +98°C followed by 55cycles of
15 seconds at +98°C, 30 seconds at +62°C and 30 seconds at
+72°C ended by a single point fluorescence acquisition, with a
final elongation of 1 minute at +72°C. PCR is monitored and
stopped after optimal cycles are reached just before the plateau
phase as recommended by manufacturer. In our case, this var-
ied around 14-16 cycles depending on the DNA quantity after
capture. The amplicons are then purified by adding and mixing
1x volume of AMPure XP magnetic beads to the PCR prod-
ucts. After 5 minutes of incubation at room temperature, su-
pernatant is removed and two 70% ethanol-washes are done. Air
dried beads are resuspended in 25ul of DNase/RNase free water.
Amplicon sizes are checked on the QIAxcel. DNA quantification
was done using NanoQuant.

Barcoded libraries were then sequenced on a HiSeq 2000 platform,
with a flowcell plot of 18 pmoles and 1% PhiX.



