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Code	S1.	Text	to	be	copied	into	R	in	order	to	compute	standard	error	(SE)	for	broad-sense	
heritability,	R	code	developed	by	Fei	Heng	
	
##	R	code	for	estimating	H2	and	SE	of	H2	
library(VCA)	
library(openxlsx)	
#column1	=	genotypes	of	samples	(string),	column2	=	phenotypic	data	of	samples	(numeric)	
heritability	<-	read.xlsx("Heritability.xlsx",	sheet	=	1,	startRow	=	1,	colNames	=	TRUE)		
heritability$genotype	<-	factor(heritability$genotype)	
#	rptR	under	LMM	
library(rptR)	
set.seed(123)	
rpt.1000	<-	rpt(lifespan_diff	~	(1|genotype),	grname="genotype",	
																data=heritability,	nboot=1000,	npermut=0,	datatype	=	"Gaussian")	
#	reml	for	gaussian	
summary(rpt.1000)	
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Table	S1.	Original	collection	information	for	the	Tavernier	Nursery	Coral	Restoration	
Foundation	(CRF)	Acropora	cervicornis	colonies	used	in	this	study.	Collection	information	
provided	by	Amelia	Moura,	CRF.	Depth	was	not	measured	at	the	collection	site	but	was	
approximated	from	the	latitude	and	longitude	coordinates	using	the	NOAA	Bathymetric	
Data	Viewer	(https://maps.ngdc.noaa.gov/viewers/bathymetry/)	
	
Genotype Region Collection Site Latitude Longitude Approximate 

Depth 
Collection 

Date 
M3 Middle Keys East Turtle Shoal 

off Grassy Key 
24° 42.801’ N 80° 56.687’ W 5.83 m 4/24/2008 

M5 Middle Keys East Turtle Shoal 
off Grassy Key 

24° 42.707’ N 80° 56.758’ W 6.79 m 4/24/2008 

M6 Middle Keys East Turtle Shoal 
off Grassy Key 

24° 42.649’ N 80° 56.880’ W 5.03 m 4/24/2008 

M7 Middle Keys East Turtle Shoal 
off Grassy Key 

24° 43.107’ N 80° 55.847’ W 7.90 m 12/6/2008 

U1 Upper Keys Off Plantation Key, 
Inside Little Conch 

24° 57.542’ N 80° 29.447’ W 3.94 m 12/10/2009 

U7 Upper Keys Molasses Trench 
Patch Reef 

25° 0.573’ N 80° 24.898’ W 5.38 m 1/13/2006 

U12 Upper Keys Patch Reef off 
Plantation Key 

24° 57.096’ N 80°29.322’ W 5.28 m 4/1/2010 

U15 Upper Keys Patch Reef off 
Tavernier, inside 

nursery 

24° 59.261’ N 80° 26.085’ W 7.13 m 2/18/2006 

U19 Upper Keys Patch Reef off 
Tavernier 

24° 59.272’ N 80° 28.070’ W 5.01 m 5/6/2008 

U23 Upper Keys Reef edge off 
Lower Matecumbe 

24° 49.526’ N 80° 39.066’ W 14.37 m 5/13/2008 

U30 Upper Keys Patch Reef just off 
Tavernier 

24° 59.312’ N 80° 28.008’ W 4.87 m 5/13/2008 

U33 Upper Keys Patch Reef just off 
Tavernier 

25° 0.215’ N 80° 27.055’ W 5.33 m 9/20/2008 

U37 Upper Keys Pickles Rubble 
Zone 

24° 59.316’ N 80° 24.154’ W 25.82 m 10/2/2009 

U40 Upper Keys Conch Rubble 
Zone/Little Conch 

outer ledge 

24° 57.114’ N/ 
24° 56.107’ N 

80° 27.068’ W/ 
80° 28.054’ W 

7.36 – 57.4 m 5/5/2010 

U44 Upper Keys Inside Conch, 
Patch Reef off 

Tavernier 

24° 59.287’ N 80° 27.823’ W 4.79 m 5/7/2010 

U46 Upper Keys Patch Reef inshore 
from Molasses 

Trench area 

25° 0.823’ N 80° 24.900’ W 4.01 m 10/17/2010 

U56 Upper Keys Lower Matecumbe 24° 49.931’ N 80° 38.446’ W 15.67 m 10/17/2010 
U58 Upper Keys Lower Matecumbe 24° 49.832’ N 80° 38.626’ W 12.77 m 1/25/2006 
U70 Upper Keys Patch Reef inshore 

from Molasses 
Trench area 

25° 0.127’ N 80° 24.068’ W 9.11 m 9/26/2010 

U76 Upper Keys Lower Matecumbe 24° 49.298’ N 80° 39.365’ W 14.07 m 6/14/2011 
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Table	S2.	Allele	frequencies	and	mean	heterozygosity	of	the	15	microsatellite	markers	used	
for	genotyping	the	coral	colonies	used	in	the	present	study.	Primers	for	the	loci	were	
developed	by	Baums	et	al.	2005,	2009	
	

Locus Allele (bp) Allele frequency Locus Allele (bp) Allele frequency Mean heterozygosity 
166 136 0.075 5047 221 0.075 0.508 

 140 0.375  224 0.100  
 143 0.075  227 0.525  
 145 0.075  230 0.075  
 146 0.325  233 0.200  
 149 0.075  236 0.025  

181 156 0.025 0585 154 0.447  
 162 0.175  160 0.211  
 165 0.025  161 0.053  
 168 0.100  164 0.053  
 171 0.300  166 0.026  
 174 0.150  169 0.079  
 177 0.150  170 0.026  
 183 0.050  175 0.079  
 186 0.025  176 0.026  

6212 230 0.306 201 133 0.333  
 233 0.083  134 0.167  
 242 0.167  136 0.583  
 245 0.250  139 0.167  
 248 0.028  141 0.167  
 251 0.111  142 0.167  
 254 0.028  144 0.167  
 260 0.028  147 0.167  

9253 236 0.750 1490 234 0.667  
 238 0.050  246 0.278  
 240 0.200  249 0.056  

1195 200 0.667 187 109 0.179  
 209 0.111  112 0.321  
 212 0.111  115 0.464  
 227 0.111  118 0.036  

207 154 0.125 2637 255 0.125  
 158 0.625  258 0.550  
 161 0.050  261 0.150  
 164 0.075  264 0.025  
 166 0.025  267 0.100  
 167 0.100  269 0.025  
 173 0.025  272 0.025  

182 137 0.025 0007 117 0.025  
 143 0.075  121 0.125  
 152 0.025  129 0.125  
 154 0.050  133 0.025  
 155 0.050  137 0.025  
 157 0.025  141 0.025  
 158 0.025  145 0.050  
 160 0.025  149 0.525  
 161 0.250  153 0.050  
 164 0.075  165 0.025  
 166 0.050 0513 185 0.850  
 167 0.275  191 0.125  
 170 0.025  209 0.025  
 185 0.025     
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Table	S3.	OTUs	of	the	symbionts	present	within	each	coral	colony	tested,	as	determined	by	sequencing	of	the	cp23S	marker.	Numbers	
correspond	to	number	of	reads	per	exact	sequence	variant	(ESV)	ID	(arbitrarily	assigned	by	QIIME2).	Coral	genotypes	U23,	U30,	U37,	U40,	U44,	
and	U56	are	not	shown	as	no	cp23S	reads	were	generated	for	these	fragments	
	
	

 Coral genotype 
Taxonomy M3 M5 M6 M7 U1 U7 U12 U15 U19 U33 U46 U58 U70 U76 

Symbiodinium fitti (nomen novum) A3               
Variant 1 0 4465 0 2702 15343 2006 2932 0 2416 7088 6266 0 2624 3102 
Variant 2 0 0 0 0 0 0 0 0 0 0 2922 0 0 0 
Variant 3 0 0 0 0 0 0 0 0 0 0 1068 0 0 0 
Variant 4 0 0 0 0 560 0 0 0 0 0 0 0 0 0 
Variant 5 0 0 0 0 480 0 0 0 0 0 0 0 0 0 
Variant 6 0 0 0 27 0 0 0 0 0 0 0 0 0 0 
Breviolum 0 0 0 0 0 0 0 2514 0 0 0 282 0 0 

Breviolum similar to B1               
Variant 1 6915 0 0 0 0 0 0 0 0 0 0 4165 0 0 
Variant 2 0 0 0 0 0 0 0 0 0 0 2112 0 0 0 
Variant 3 0 0 0 0 0 0 0 0 0 0 0 4 0 0 

Breviolum similar to B2 29 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cladocopium 0 0 9 0 7 0 63 0 0 0 0 0 0 0 
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Fig.	S1.	Linear	regressions	for	different	symbiont	proportions	compared	to	difference	in	
lifespan	(h)	for	the	13	colonies	(2	fragments	each,	n	=	26)	for	which	cp23S	reads	were	able	
to	be	amplified.	(A	-	F)	Symbiodinium	fitti	variants	1	–	6.	(G)	Breviolum.	(H	–	J)	Breviolum	
similar	to	B1	variants	1	–	3.	(K)	Breviolum	similar	to	B2.	(L)	Cladocopium	sp		
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Fig.	S2.	Fitted	model	MD	plot	showing	expression	changes	between	heated	treatment	and	
ambient	temperature	samples	(n	=	18	per	group).	The	log2	FC	for	each	gene	is	plotted	
against	the	average	abundance	in	log2	CPM.	Red	points	show	genes	that	are	significantly	
upregulated	in	heated	samples	relative	to	ambient	temperature	samples,	and	blue	points	
show	genes	that	are	significantly	downregulated	in	heated	samples.	Significant	DE	genes	
were	determined	using	the	glmTreat	function	in	R	to	specify	both	a	log2	FC	cut-off	of	1.5	as	
well	as	a	FDR	of	5%		
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Fig.	S3.	Heat	map	across	all	samples	using	the	89	significant	DE	genes	between	tolerant	and	susceptible	genotypes	(n	=	18	per	group)	that	were	not	
entirely	consistent	among	genotypes	within	tolerant	and	susceptible	groupings.	Colors	range	from	pink	(significantly	upregulated	in	tolerant	colonies	
relative	to	susceptible	colonies)	to	blue	(significantly	downregulated	in	tolerant	colonies)	and	are	based	on	the	log	CPM.	Significant	DE	genes	were	
determined	using	the	glmTreat	function	in	R	to	specify	both	a	log2	FC	cut-off	of	1.5	as	well	as	a	FDR	of	5%.	Consistent	genes	were	determined	by	taking	
each	DE	and	comparing	the	average	control	and	heated	RPKM	for	each	genotype	to	the	average	RPKM	for	that	gene	for	tolerant	or	susceptible	colonies	
and	seeing	whether	it	matched	expectations	(based	on	the	glmTreat	results)	for	either	upregulation	or	downregulation.	Genes	are	ordered	from	top	to	
bottom	by	ascending	p-value	(3.53e-08	–	1.97e-01)		
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NLR family CARD domain−containing protein 4 
PREDICTED: von Willebrand factor D and EGF domain−containing protein−like 
Transmembrane protein 63B 
Mitogen−activated protein kinase kinase kinase 14 
RNA−directed DNA polymerase from mobile element jockey 
Membrane glycoprotein 
Proto−oncogene tyrosine−protein kinase receptor Ret 
PREDICTED: uncharacterized protein LOC107354065 isoform X11 
PREDICTED: uncharacterized protein LOC107354065 isoform X11 
PREDICTED: fibroblast growth factor receptor homolog 1−like 
Short transient receptor potential channel 5
hypothetical protein
PREDICTED: clumping factor B−like 
Retrovirus−related Pol polyprotein from transposon opus 
uncharacterized protein LOC110065298 
Deleted in malignant brain tumors 1 protein 
Transient receptor potential cation channel subfamily V member 4 
Codanin−1 
PREDICTED: uncharacterized protein LOC107339472 
Transmembrane protein 63B 
Transient receptor potential cation channel subfamily V member 4 
PREDICTED: uncharacterized protein LOC107341558 isoform X1 
Putative serine/threonine−protein kinase pats1 
Kelch−like protein 28 
Transient receptor potential cation channel subfamily V member 5 
Growth/differentiation factor 6
Fucolectin−5 
Netrin receptor UNC5B 
Golgi−associated plant pathogenesis−related protein 1
Probable serine/threonine−protein kinase pats1 
RNA−binding protein 45 
PREDICTED: uncharacterized protein LOC107344580 
uncharacterized protein LOC110041083 
PREDICTED: cilia− and flagella−associated protein 46−like 
PREDICTED: uncharacterized protein LOC107353048 
PREDICTED: uncharacterized protein LOC107352303 
TNF receptor−associated factor 7
Putative glucose−6−phosphate 1−epimerase 
NLR family CARD domain−containing protein 3 
PREDICTED: LOW QUALITY PROTEIN: NFX1−type zinc finger−containing protein 1−like 
uncharacterized protein LOC110237754 
Retinol dehydrogenase 8 
Tropomyosin 
Leucine−rich repeat−containing protein 8A 
PREDICTED: uncharacterized protein LOC107356762 isoform X1 
uncharacterized protein LOC110237378 
2'−5'−oligoadenylate synthase 1A 
PREDICTED: uncharacterized protein LOC107351847 
Roundabout homolog 1 
G2/M phase−specific E3 ubiquitin−protein ligase 
PREDICTED: gibberellin−regulated protein 14−like 
Small cysteine−rich protein 3 
Tyrosine kinase receptor Cad96Ca 
PREDICTED: uncharacterized protein LOC107357449 
Uncharacterized protein KIAA1958 
Disintegrin and metalloproteinase domain−containing protein 29 
RNA−dependent RNA polymerase 1 
TNF receptor−associated factor 6−B 
D−inositol 3−phosphate glycosyltransferase 1 
PREDICTED: uncharacterized protein LOC107347241 
uncharacterized protein LOC110065985 isoform X2 
PREDICTED: uncharacterized protein LOC107327384 
PREDICTED: uncharacterized protein LOC107327822 
Tetratricopeptide repeat protein 28 
PREDICTED: uncharacterized skeletal organic matrix protein 5−like 
PREDICTED: uncharacterized protein LOC107339330 
Short−chain collagen C4 (Fragment) 
PREDICTED: uncharacterized protein LOC107330912, partial 
PREDICTED: myosin−7B−like 
PREDICTED: uncharacterized protein LOC107345241 
NFX1−type zinc finger−containing protein 1 
5'−methylthioadenosine/S−adenosylhomocysteine nucleosidase 
uncharacterized protein LOC110044166 
A disintegrin and metalloproteinase with thrombospondin motifs 6 
PREDICTED: uncharacterized protein LOC107345806 
Thymus−specific serine protease 
Tetratricopeptide repeat protein 28 
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PREDICTED: uncharacterized protein LOC107328348 
Serine/threonine−protein kinase shk1/pak1 
Gamma−aminobutyric acid receptor subunit gamma−2
Isopentenyl phosphate kinase 
PREDICTED: uncharacterized protein LOC107352473 isoform X1 
PREDICTED: uncharacterized protein LOC107348290 
Zinc transporter ZIP14 
PREDICTED: protein C19orf12 homolog 
PREDICTED: uncharacterized protein LOC107356762 isoform X1 
E3 ubiquitin−protein ligase HECTD1 
Tyrosine−protein phosphatase Lar (Fragment) 
Tetratricopeptide repeat protein 28 
PREDICTED: uncharacterized protein LOC107333148 isoform X3 
TNF receptor−associated factor 4
Lachesin 
Tumor necrosis factor receptor superfamily member 16 
uncharacterized protein LOC110066892 
Proto−oncogene tyrosine−protein kinase receptor Ret 
Lachesin 
Tetratricopeptide repeat protein 28 
Fibropellin−1 
Putative serine/threonine−protein kinase pats1 
hypothetical protein
PREDICTED: uncharacterized protein LOC107342927 isoform X1 
Methyltransferase−like protein 7A 
Dermatopontin 
Nephrocystin−3 
Fibrillin−2 
Neurotrimin 
Doublecortin domain−containing protein 5 
G protein alpha i subunit
Tetratricopeptide repeat protein 28 
NLR family CARD domain−containing protein 3 
PREDICTED: uncharacterized protein LOC107350903 isoform X7 
Calcipressin−3 
NLR family CARD domain−containing protein 4 
Carbohydrate sulfotransferase 4
Brain tumor protein 
N−acetylaspartate synthetase 
Fucolectin−5 
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Tetratricopeptide repeat protein 28	
Thymus-specific serine protease	
Uncharacterized protein LOC107345806	
A disintegrin and metalloproteinase with thrombospondin motifs 6	
Uncharacterized protein LOC110044166	
5’-methylthioadenosine/S-adenosylhomocysteine nucleosidase	
NFX1-type zinc finger-containing protein 1	
Uncharacterized protein LOC107345241	
Myosin-7B-like	
Uncharacterized protein LOC107330912	
Short-chain collagen C4 (Fragment)	
Uncharacterized protein LOC107339330	
Uncharacterized skeletal organic matrix protein 5-like	
Tetratricopeptide repeat protein 28	
Uncharacterized protein LOC107327822	
Uncharacterized protein LOC107327384	
Uncharacterized protein LOC110065985	
Uncharacterized protein LOC107347241	
D-inositol 3-phosphate glycosyltransferase 1	
TNF receptor-associated factor 6-B	
RNA-dependent RNA polymerase 1	
Disintegrin and metalloproteinase domain-containing protein 29	
Uncharacterized protein KIAA1958	
Uncharacterized protein LOC107357449	
Tyrosine kinase receptor Cad96Ca	
Small cysteine-rich protein 3	
Gibberellin-regulated protein 14-like	
G2/M phase-specific E3 ubiquitin-protein ligase	
Roundabout homolog 1	
Uncharacterized protein LOC107351847	
2’-5’-oligoadenylate synthase 1A	
Uncharacterized protein LOC110237378	
Uncharacterized protein LOC107356762	
Leucine-rich repeat-containing protein 8A	
Tropomyosin	
Retinol dehydrogenase 8 	
Uncharacterized protein LOC110237754	
NFX1-type zinc finger-containing protein 1-like 	
NLR family CARD domain-containing protein 3	
Putative glucose-6-phosphate 1-epimerase	
TNF receptor-associated factor 7	
Uncharacterized protein LOC107352303	
Uncharacterized protein LOC107353048	
Cilia- and flagella-associated protein 46-like	
Uncharacterized protein LOC110041083	
Uncharacterized protein LOC107344580	
RNA-binding protein 45	
Probable serine/threonine-protein kinase pats1	
Golgi-associated plant pathogenesis-related protein 1	
Netrin receptor UNC5B	
Fucolectin-5	
Growth/differentiation factor 6	
Transient receptor potential cation channel subfamily V member 5	
Kelch-like protein 28	
Putative serine/threonine-protein kinase pats1	
Uncharacterized protein LOC107341558	
Transient receptor potential cation channel subfamily V member 4	
Transmembrane protein 63B	
Uncharacterized protein LOC107339472	
Codanin-1	
Transient receptor potential cation channel subfamily V member 4	
Deleted in malignant brain tumors 1 protein	
Uncharacterized protein LOC110065298	
Retrovirus-related Pol polyprotein from transposon opus	
Clumping factor B-like	
Hypothetical protein	
Short transient receptor potential channel 5	
Fibroblast growth factor receptor homolog 1-like	
Uncharacterized protein LOC107354065	
Uncharacterized protein LOC107354065	
Proto-oncogene tyrosine-protein kinase receptor Ret	
Membrane glycoprotein	
RNA-directed DNA polymerase from mobile element jockey	
Mitogen-activated protein kinase kinase kinase 14	
Transmembrane protein 63B	
von Willebrand factor D and EGF domain-containing protein-like	
NLR family CARD domain-containing protein 4	
Oncoprotein-induced transcript 3 protein	
Probable isocitrate dehydrogenase	
Dynein heavy chain 5, axonemal	
Volume-regulated anion channel subunit LRRC8C	
TNF receptor-associated factor 6	
Neurexin-4	
D-inositol 3-phosphate glycosyltransferase	
Hypothetical protein AWC38-SpisGene2028	
NLR family CARD domain-containing protein 3	
Hypothetical protein	
TNF receptor-associated factor 2	
Uncharacterized protein LOC107332377	



Supplement	to	Yetsko	et	al.	(2020)	–	Mar	Ecol	Prog	Ser	646:45-68	–	https://doi.org/10.3354/meps13407	
	

	

	
	
	

8	

	
	
Fig.	S4.	Correlation	analyses	showing	the	association	of	lifespan	differential	(control	–	
treatment)	of	samples	from	20	Acropora	cervicronis	genotypes	(n	=	40)	with	relative	
concentration	or	activity	in	the	heated	fragments	for	the	following	three	stress	biomarkers:	
(A)	catalase,	(B)	ubiquitin,	and	(C)	4HNE	
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