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Primer Design
Text S1. Initial screening of primers

Six primer sets (COI, COI ext, rnl, ITS2, 18S, 28S) were tested on a subset of 18 sponge
samples recovered from 6 individual Pygoplites diacanthus stomachs, with success
determined by visualisation on 1% agarose gels. Total genomic DNA was extracted using a
DNeasy Blood and Tissue Kit (Qiagen) following the protocol of the manufacturer. PCR was
conducted in 20 pl reactions consisting of 10 ul MyTaq Red Mix (Bioline), 0.4 ul of each
primer (10 pum), ~25 ng of template DNA and a volume of distilled water to reach 20 ul. PCR
cycling conditions were: 94°C for 5 minutes; then 35 cycles of 94°C for 30 seconds, 58°C for
55 seconds (COI, COI ext, rnl, ITS2) or 50°C for 55 seconds (18S, 28S), 72°C for 45 seconds
and a final extension step of 72°C for 7 minutes. The 18S primer set (Knapp et al. 2015) was
the most successful, producing a single clear band of expected length for 13/18 samples. PCR
using primers to amplify 28S (Baroin et al. 1988) produced single faint bands for 6/13
samples; no results could be visualised using the primers for COI (Folmer et al. 1994) or
COl-ext (Rot et al. 2006); and multiple bands were present when amplifying ITS2 (Adlard &
Lester 1995) and rnl (Lavrov et al. 2008). Successful amplifications using the 18S primer set
were sent for purification and sequencing on an ABI 3730 capillary sequencer (Macrogen,
South Korea). Generated sequences were run through BLAST (http://blast.ncbi.nlm.nih.
gov/Blast.cgi), which verified three samples as >97% similar to sponge sequences held in the
database and two samples that were verified as Poriferan, but with considerable uncertainty in
identity. Two further samples were identified as crinoid and the remaining six samples were
identified as the predator, P. diacanthus. 18S is a popular gene used in the amplification and
identification of metazoans because it is highly conserved among taxa (O’Rorke et al. 2012).
Closer inspection of the 18S primer set revealed that the forward primer was conserved
between fish and sponges and the reverse primer had only two mismatches near the end of the
primer sequence. Due to the lack of specificity between fish and sponge, the 18S primers
used here were not effective in preventing the amplification of predator DNA, which is often
preferentially targeted over degraded prey DNA (Vestheim & Jarman 2008).

Text S2. Primer design for blocking predator DNA

All available 18S sequence data for marine sponges were downloaded from the NCBI
database using the search terms “18S ribosomal RNA gene”, “Demospongiae” and “Marine”.
This yielded >100 sequences that were at least 1725 base pairs (bp) long, which were
compiled alongside 18S sequence data that were available for three spongivorous angelfishes,
Pygoplites diacanthus, Pomacanthus imperator and Pomacanthus xanthometopon (Shen et
al. 2016). Sequences were aligned using the ClustalW function in BioEdit version 7.0.5.3
(Hall et al. 1999) and the alignment was searched for sponge-specific primer binding sites
that would prevent the amplification of predator DNA. No variable regions of appropriate
length (e.g. ~20 bp) for primer design were found. Subsequently, we explored the application
of predator-blocking primers which are modified so that they will not prime amplification
and can be an effective method for inhibiting the amplification of undesired DNA (Vestheim
& Jarman, 2008; O’Rorke et al 2012). Aligned sequence data and entropy plots were used to
identify (1) primer binding sites that contained a conserved region across both sponge and
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predator DNA (hereafter the universal primer binding site) that flanked a (2) variable region
with at least 4 or 5 mismatches between fish and sponge sequences (hereafter the blocking
primer binding site). This allowed for a predator-specific blocking primer to overlap with the
3’ end of the universal primer binding site but extend into a predator specific sequence
(Vestheim & Jarman, 2008). The predator-blocking primer is then modified with a C3 spacer
attached to the terminal 3’ hydroxyl group of the oligonucleotide that prevents elongation
during PCR (Vestheim & Jarman 2008, O’Rorke et al. 2012).

A range of universal primers and associated predator-blocking primers were designed to
target different sequence lengths and tested using the initially screened samples using both
sponge and predator controls. Primers had to be between 18-25 bp with an overlap of at least
8 bp between the universal and the blocking primer sets and 4-5 mismatches between
predator and prey at the blocking primer site (Vestheim & Jarman 2008). Blocking primers
also had to have a higher melting temperature (Tm) so they will anneal before the universal
primers during PCR, fortunately, an increase in Tm is usually achieved by the addition of the
C3 spacer (O’Rorke et al. 2012). Two forward and two reverse binding sites were identified
on the 18S gene that met most of these conditions (Table S1).

Table S1. 18S primers designed during this study. 3 denotes C3 spacer modification added to
the 3’-end of blocking primers.

Primer name Position Sequence (5' - 3") BP  GC% Tm(C)
18S 2A F Forward GGC TCA TTA AAT CAG TTA 19 31.6 48.7
universal T

18S 2A F Block Forward AAT CAG TTA TGG TTC CTT 25 40.0 62.5
blocking TGA TCG C3

18S 3A F Forward CCT ATC AACTTT CGATGG 18 444 51.6
universal

18S 3A F Block Forward TCG ATG GTA CTT TCT GTG 23 47.8 629
blocking CCT AC3

18S 4A R Reverse CCA GACTTG CCCTCC AAT 18 55.6 56.1
universal

18S 4B R Block Reverse CCT CCA ATG GAT CCT CGT 25 48.0 65.8
blocking TAA AGG A3

18S 5A R Reverse CTT GGC AAATGCTTT CGC 18 50.0 539
universal

18S 5B R Block Reverse GCT TTC GCT TTC GTC CGT 22 545 64.0
blocking CTT G3
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Text S3. Designed primer trials

To verify the applicability of the universal primers (without the addition of predator-blocking
primers), PCRs were conducted using predator and sponge DNA. Predator DNA was
extracted from two liver samples of Pygoplites diacanthus using a DNeasy Blood and Tissue
Kit (Qiagen) following the protocol of the manufacturer. Three samples verified by BLAST
as Poriferan were used for sponge DNA. As part of the optimisation process, PCR was
conducted in 10 pl reactions consisting of 5 pul MyTaq Red Mix (Bioline), 0.2 pl of each
universal primer (10 pm), ~25 ng of template DNA and a volume of distilled water to reach
10 pl. Four primer sets were tested (Table S2), and gel electrophoresis confirmed that all
universal primers amplified both predator and sponge DNA.

Table S1. Four 18S primer sets trialled during this study.

Set Forward primer Reverse primer BP

1 18S 2F 18S 4R 492
GGC TCATTA AATCAGTTAT CCA GACTTG CCCTCC AAT

2 18S 2F 18S _5R 893
GGC TCATTA AATCAGTTAT CTT GGC AAATGCTTT CGC

3 18S 3F 18S 4R 255
CCT ATC AAC TTT CGA TGG CCA GACTTG CCC TCC AAT

4 18S 3F 18S 5R 656

CCT ATC AACTTT CGA TGG CTT GGC AAATGC TTT CGC

PCRs were conducted using the same samples and the four primer sets (Table S2) with the
addition of the associated blocking primers (Table S1) at two different concentrations (5 X
and 10 X) to determine the most effective combination (Vestheim & Jarman, 2008). The PCR
recipe was as described previously for a 20 pl reaction, with the addition of either 0.4 ul (10
X) or 0.2 pl (5 X) of each blocking primer (100 um). Gel electrophoresis confirmed that the
most effective combination was Set 2 with blocking primers included at 10 X concentration
(no bands could be visualised for predator DNA samples yet sponge DNA samples continued
to amplify) (Figure S1). Set 1 showed some reduction in predator DNA amplification (faint
bands) but no reduction at 5 X concentration. Set 3 completely failed as all samples continued
to amplify and faint bands could still be determined from predator samples at both
concentrations using Set 4. After determining the most efficient predator-blocking primer set,
PCR was performed on the remaining sponge samples along with a sponge control, a predator
control and a negative control.
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Figure S1. Gel electrophoresis of four primer sets (Table S2) designed to block predator
DNA from amplification. Predator-blocking primers were tested at 5 X and 10 X
concentration (see the top of diagram) on DNA extracts from sponges (S) and the predator
(P). Set 2 successfully blocked the amplification of predator DNA at 10 times concentration.
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Figure S2. Cladogram showing the placement within the order Haplosclerida of six sponges
sampled from the stomach contents of the angelfish Pygoplites diacanthus (RA) caught at two
sites in the Wakatobi MNP and based on 18S sequence data. Branch supports are reported as
SH-aLRT support (%) / ultrafast bootstrap support (%).



Supplement to Mortimer et al. (2021) — Mar Ecol Prog Ser 672: 123—140 — https://doi.org/10.3354/meps13786

100/100

Clionaida

97.2/99 ,_E

97.7/100

99.1/100

Poecilosclerida

£

90.7/91

Verongiida
—Eg&w

b
=

;

AR

g
LI

==
D
2
w

AAXRA.

OO

OO~
e
NINONOND

1001100 e
88.1/100

EU702410.1 Aplysina fistularis
KC901896.1 Aplysina cauliformis
KC901889.1 Aplysina sp.
KC902200.1 Aplysina fulva
KC902406.1 Pseudoceratina arabica
KC902010.1 Pseudoceratina sp.
AB922830.1 Pseudoceratina sp.
Sampela RA6 $1

Sampela RAG6 S6

AY591804.1 Verongula gigantea
KC902024.1 Verongiida sp.
KC902055.1 Pseudoceratinidae sp.
KC902144.1 Pseudoceratina purpurea
KC902318.1 Pseudoceratina sp.
Sampela RA5 S7

73398 KC901952.1 Hexadella racovitzai

KC902148.1 lanthella basta

w

Cervicornia cuspidifera
Cliona varians
illona viridis

=

OO
(S

—aealala

.1 _Spheciospongia sp.
.1 Spheciospongia vesparium
}f)lastre la megastellata
jona sp
liona ce/,ata )

pirastrella cf. coccinea
Spirastrella cunctatrix
Fplrastrella Sp., :

lacospongia intermedia
g;acos ongia

AR
O

OO

2
g 2239.
902258.

LN870429.1 Abyssocladia dominalba

LN870430.1 Asbestopluma cupressiformis

LN870431.1 Asbestopluma lycopodium
LN870434.1 Chondrocladia gigantea
MG193132.1 Cladorhiza oxeata
LN870435.1 Cladorhiza abyssicola
MG193128.1 Chondrocladia grandis
LN870433.1 Chondrocladia sp.
LN870436.1 Euchelipluma sp.
LN870432.1 Asbestopluma pennatula
LN870437.1 Guitarra antarctica
KC902210.1 Guitarra sp.

Ridge PX2 $13

Suberitida

98.7/100

o

99/100

|4.1/83

E

| 7]

99.3/100

Sp. .
lacospongia neelobes:o:des

Agelasida

87.5/95

K

622158.1
902111.1
1

Py
()

Aaptos aaptos
Aaptos suberitoides

uberites massa
uberites sp. .
morphinopsis excavans

I §ubenjtes aurantiacus
1A

Halichondria melanodocia
Halichondria japonica
Hymeniacidon perlevis
ll_-lfymem_ac;,don sinapium
Tymemamdon Sp.

erpios aploos
frolosubentef incrustans
e%ws manglaris

/_-fa chondiia attenuata
a l’c;:'ongga werbanki
Hymeniacidon kitchingi
Terpios gelatinosa
ichondria panicea

d ¢ .
1 Protosuberites ectyoninus

Suberites ficus

44.1 Homaxinella subdola

KC902123.1 Acanthostylotella cornuta
AY737640.1 Agelas dispar
KC902206.1 Agelas sp.
AB922832.1 Agelas sp.
AY734443 .1 Agelas conifera
EU702411.1 Agelas schmidti
KX622155.1 Agelas oroides
AY734443.1 Agelas clathrodes
KC902253.1 Agelas sp.
KC902036.1Agelas sp.
KC902288.1 Agelas sp.

Ridge RA6 S3

EF654520.1 Agelas sp.

— KC902051.1 Astrosclera willeyana

99.8/100

ST

KC902134.1 Astroscleridae sp.
KC902025.1 Astroscleridae sp.

— KC902371.1 Hymerhabdia typica

L KC902182.1 Prosuberites longispinus
99.2/100

Figure S3. Cladogram showing the placement of 7 sponge sequences amplified from the
stomach contents of the angelfishes Pygoplites diacanthus (RA) and Pomacanthus
xanthometopon (PX) caught at two sites in the Wakatobi MNR. Branch supports are reported
as SH-aLLRT support (%) / ultrafast bootstrap support (%)
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