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Supplemental Movie 1. Movie of 9.5A resolution reconstruction of the AaV particle.

Supplemental Data 1. Other data from this study. Supplemental Data includes reciprocal best
BLAST hit pairs, description of contigs used in this analysis, and p-value tables generated in this
study. Data is separated into tabs denoted as the following:
Supplemental Data 1.1: List of reciprocal best BLAST hit pairs with their NCLDV
COG category.
Supplemental Data 1.2. Metagenomic assembled contigs from TARA Oceans Dataset
separated by water depth.

Supplemental Data 1.3. Metagenomic assembled contigs from TARA Oceans Dataset
separated by size fraction.

Supplemental Data 1.4. Metagenomic assembled contigs from TARA Oceans Dataset
separated by Station.

Supplemental Data 1.5. One-way ANOVA corrected for multiple comparisons using
Tukey’s multiple comparisons p-values for percentage of contigs that are viral by water
depth.

Supplemental Data 1.6. One-way ANOVA corrected for multiple comparisons using
Tukey’s multiple comparisons p-values for percentage of contigs that are viral by water
fraction.

Supplemental Data 1.7. One-way ANOVA corrected for multiple comparisons using
Tukey’s multiple comparisons p-values for normalized metagenomics reads.

Supplemental Data 1.8. One-way ANOVA corrected for multiple comparisons using
Tukey’s multiple comparisons p-values for normalized metatranscriptomics reads.
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Supplemental Figure 1. Insight into this study from previous genomic and transcriptomic
analyses from Moniruzzaman et al. 2014 and Moniruzzaman et al. 2018. A) Circos plot of
the entire AaV genome. The outer ring is decorated with coding sequences within the genome,
where white bars are gene products not packaged, red bars are those packaged but that do not
have reciprocal best BLAST hits (e value cutoff < 1 x 10™), and blue bars are gene products
packaged and have reciprocal best BLAST hits in representative proteomes used in this study.
Those proteins are labelled and have the viruses for which has an RBH hit. The inner ring shows
the three segments of the genome described previously (Moniruzzaman et al., 2014). B) Heatmap
of the log-transformed RPKM values + 1 of the genes in which the gene products are found
within the particle over the course of the infection cycle (Moniruzzaman et al., 2018). C)
Combined RPKM values of polysaccharide lyases over the 21-hour infection cycle. The A.
anophagefferens proteins used were AURANDRAFT_70968, AURANDRAFT_ 61097, and
AURANDRAFT_2438, and the AaV proteins used were AaV_003, AaV_038, AaV_375.
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Supplemental Figure 2. Maximum likelihood phylogenetic of all characterized

polysaccharide lyases within the Carbohydrate-Active Enzyme (CAZy) Database. Putative
polysaccharide lyases from both A. anophagefferens and AaV genomes were also included.

4|Page



> n.s.
b © B A
—
S 100y o, ® 100y o o, B B
® i - § BC
< of o ;
ol . o z o o] ﬁ 10 % o &, C
§ e Soom8  ws pd o
> Q209 006600 T 1
5 1 Foc? =
© 0.1
& 2
£ 0.1 . . S 001
3 = o 2 e VN5 8 ¢ &
e a 4 ] 2 N 8 ¥ ¢ « o
@ — ® = @ © 9 o o« o
o F4 2 o - N = & ©
S o o o N o o
w 3 =
= Water Fraction (um)
Water Depth
Total: 74 125 43 Total: 20 44 18 21 36 103
Not detected in: 29 60 16 Not detectedin: 6 10 3 2 8 76
z o o =
C. @ ™ - s o D. § ns. n.s. n.s. n.s.
E‘ 0% 40 - 0o > 1044 ~ 5
2 10% & g 5 109 e o o
P P o
g 107 = = £ 101, g
£ 1011 od 00 g 1 . i %
Yo 107 ¥ o e 104y oo %
E 1012 . 000 l:D%] 3 E ° o
:U_ 1 g0 §10'“] 0 o 9n
R e e e e e i
3 s ¢ 8 g s ¢p P & ® & ® & ® & @
14 2 s 2 3 32 3 o S £$ 3 £ 3 3 3 %
3 "B . = T % T T T2
. oe Y = % o S o 0 = S 4 O =
P %.I - o at . ' w ' o ' o 2 ©
w o c ['4 m = = 0o '&L L
= o » = 8 »
.. Water Fraction Water Fraction
Contig Total 220 15 337 29 154 23 Contig Total 229 15 337 29 154 23 720 67
Unmapped Contigs 81 1 57 4 42 4 Unmapped Contigs 104 10 233 4 108 17 315

Supplemental Figure 3. Comparison of cellular and viral TARA Oceans-assembled contigs
containing polysaccharides. A) Contigs separated by water depth at which samples were
collected. One-way ANOVA p-values for differences between water depth are in Table 6. B)
Contigs separated by size fraction of sample collected. One-way ANOVA p-values for
differences between water depth are in Supplemental Data 1.2. C) Normalized Metagenomic
reads mapped to the entire contigs. Reads from the metagenome the contig was assembled from
were used to map back to each contig. D) Metatranscriptomic reads mapped to the
polysaccharide lyases found on each contig. Reads from the metatranscriptomes at the same
depth of the water column were used to map back to the polysaccharide lyases found on each
contig. One-way ANOVA p-values for differences between cellular and viral mappings for
metagenomic and metatranscriptomic analyses are in Supplemental Data 1.7 and 1.8,
respectively.
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Supplemental Figure 4. Polysaccharide lyase containing viral contigs clustering with AaV.
A) Subtree of maximum-likelihood phylogenetic placement of polysaccharide lyases from
putative viral TARA Oceans metagenomic contigs containing the AaV pectate lyases. Contigs
containing an NCVOG that the AaV genome possesses are in blue, while those with an NCVOG
AaV does not possess are in red. Reference polysaccharide lyases from the Carbohydrate-Active
Enzymes (CAZy) Database are denoted by black dots. B-D). Maximum likelihood phylogenetic
trees of NCVOG found on TARA Oceans metagenomic contigs within AaV subtree of the
maximume-likelihood phylogenetic placement of polysaccharide lyases from putative viral
contigs. Viral families are denoted by colored dots. Black dots on branches represent bootstrap
values > 0.5.
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Supplemental Table 1. Mass spectrometry intensities and normalized intensities to MCP for proteins per particle for all the
viral and host proteins detected within the proteomes. Coefficient of variation was determined for proteins detected in more than 1
proteomic run.

Viral Proteins Detected

Average Average Average Proteins Proteins Proteins average Coefficient of
Accession Number Gene Name g g g particle™ particle™ particle™ proteins -
Sample 1 Sample 2 | Sample 3 . Variation
Sample 1 Sample 2 Sample 3 particle -1

AaV_096 Capsid Protein 6.74E+08 8.15E+08 | 1.05E+09 | 5040.00 5040.00 5040.00 5040.00 0.00
AaVv_024 Concanavalin A-like 1.24E+08 1.83E+08 | 3.19E+08 | 929.47 1135.22 1526.49 1197.06 20.69

lectin/glucanase

superfamily
AaV_276 Concanavalin A-like 9.52E+07 Cannot Cannot 712.05 712.05

lectin/glucanase quant. quant.

superfamily
AaV_386 Concanavalin A-like 1.41E+08 9.09E+07 | 1.06E+08 | 1057.35 562.36 507.56 709.09 34.87

lectin/glucanase

superfamily
AaV_080 Hypothetical 8.14E+07 1.07E+08 | 7.00E+07 | 609.22 663.80 334.83 535.95 26.86
AaV_314 Concanavalin A-like 7.39E+07 1.72E+07 | 1.36E+07 | 552.99 106.29 65.23 241.50 91.46

lectin/glucanase

superfamily
AaVv_091 Hypothetical 3.65E+07 | 4.45E+07 226.11 212.80 219.45 3.03
AaVv_214 Hypothetical 6.79E+07 1.88E+06 | 2.74E+05 | 508.18 11.63 131 173.71 136.17
AaV_038 pectate lyase 1.53E+07 3.45E+07 | 2.65E+07 | 114.35 213.51 126.98 151.61 29.07
AaVv_074 Hypothetical 1.97E+07 147.67 147.67
AaV_052 Hypothetical 3.20E+07 9.73E+06 | 4.37E+06 | 239.35 60.23 20.91 106.83 88.99
AaV_225 Hypothetical 1.58E+07 | 1.12E+07 97.50 53.81 75.65 28.88
AaV_231 Hypothetical 9.26E+06 2.10E+07 | 9.25E+05 | 69.30 130.12 4.43 67.95 75.53
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AaV_232

AaVv_328
AaV_175
AaV_260
AaV_306

AaVv_103
AaV_182
AaV_250
AaV_166
AaV_281

AaV_242
AaV_144
AaV_062
AaV_081
AaVv_211
AaVv_107
AaV_136
AaV_180

AaV_158

AaV_329

Hypothetical

Hypothetical

Hypothetical

Hypothetical

putative ABC transporter
family protein
Hypothetical

Hypothetical

Hypothetical

Hypothetical

putative membrane protein

putative DNA directed
RNA polymerase Il largest
subunit

Hypothetical
Hypothetical
Hypothetical

putative mMRNA capping
enzyme

Hypothetical
Hypothetical

putative VV D6R-type
helicase

metal dependent hydrolase

Hypothetical

8.96E+06

7.46E+06
1.37E+07
6.78E+06
4.64E+06

4.22E+06
3.70E+06
3.59E+06
3.20E+06
3.02E+06

3.01E+06

2.90E+06
1.03E+06
2.51E+06
2.48E+06

2.41E+06

3.45E+06
2.02E+06

1.45E+06

Cannot
quant.

4.77E+06

5.00E+06

2.49E+06

3.95E+06

Cannot
quant.

4.59E+06

5.03E+06

9.69E+05

3.86E+05

67.03

55.81
102.45
50.70
34.76

31.60
27.71
26.83
23.93
22.61

2251

21.66
7.68

18.80
18.53

18.01

25.84
15.11

10.87

29.53

30.97

15.42

24.43

21.98

24.05

4.63

1.85

67.03

55.81
51.32
50.70
34.76

31.60
27.71
26.83
23.93
22.61

2251

21.66

20.90

18.80

18.53

18.01

15.30

15.11

13.14

10.87

70.71

46.72

56.60

85.95
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AaV_222 putative RNA polymerase | 1.32E+06 9.91 9.91
beta subunit
AaV_286 Hypothetical 1.25E+06 9.34 9.34
AaV_274 putative beta-1,4 1.20E+06 8.97 8.97
galactosyltranferase
AaV_304 Hypothetical 1.05E+06 7.84 7.84
AaV_279 Hypothetical 1.05E+06 7.84 7.84
AaV_382 Hypothetical 9.58E+05 7.17 7.17
AaV_247 putative capsid protein 2 9.56E+05 7.15 7.15
AaV_269 putative ATP-dependent 8.36E+05 6.26 6.26
RNA helicase
AaVv_174 DNA directed RNA 8.32E+05 6.22 6.22
polymerase K subunit
AaV_078 putative unsaturated Cannot Cannot
glucuronyl hydrolase quant. quant.
Host Proteins Detected
Accession Number Description Average Average Average Proteins Proteins Proteins average Coefficient of
Sample 1 Sample 2 | Sample 3 particle™ particle™ particle™ proteins Variation
Sample 1 Sample 2 Sample 3 particle -1
XP_009042681.1 hypothetical 2.80E+07 5.19E+08 | 2.89E+08 | 209.44 3212.54 1384.98 1602.32 77.11
XP_009032377.1 hypothetical 2.97E+06 | 3.11E+08 18.37 1488.59 753.48 97.56
XP_009042766.1 hypothetical 3.55E+07 6.03E+07 | 1.82E+08 | 265.27 373.27 868.84 502.46 52.30
XP_009037968.1 haemagglutinin 2.80E+07 1.38E+08 | 2.91E+07 | 209.44 855.03 139.27 401.25 80.29
XP_009038429.1 hypothetical 9.05E+07 4.66E+07 | 4.91E+07 | 677.38 288.38 234.77 400.18 49.29
XP_009034946.1 hypothetical 4.35E+07 | 1.01E+08 269.34 484.01 376.68 28.49
XP_009042897.1 hypothetical 3.41E+07 4.94E+07 | 1.18E+08 | 255.49 305.57 563.50 374.85 36.00
XP_009037560.1 hypothetical 3.55E+07 | 5.06E+07 219.67 241.89 230.78 4.82
XP_009035447.1 ADP-ribosylation factor 2.88E+07 215.63 215.63
XP_009042844.1 hypothetical 1.90E+07 1.22E+07 | 6.69E+07 | 142.21 75.51 320.06 179.26 57.58
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XP_009037423.1

XP_009033628.1
XP_009043278.1
XP_009039958.1
XP_009034221.1
XP_009042952.1
XP_009038981.1
XP_009041980.1
XP_009037597.1
XP_009034199.1

XP_009036992.1
XP_009037302.1

XP_009038528.1

XP_009039473.1

XP_009043268.1
XP_009033043.1

XP_009043494.1
XP_009032842.1
XP_009042736.1

XP_009038784.1
XP_009042729.1

alginate regulatory protein
AlgP
hypothetical

hypothetical
hypothetical
hypothetical
hypothetical
hypothetical
hypothetical
hypothetical

Probable 26S proteasome
non-ATPase regulatory
subunit 3

actinA
actinA

actinA

actinA

hypothetical
hypothetical

hypothetical
UDP-galactose transporter

K homology RNA-binding
domain
hypothetical

superfamily; cl17037

6.58E+07

1.37E+07
2.10E+07
8.59E+06
2.06E+07
7.67E+06
7.58E+06

7.27E+06

6.50E+06
6.50E+06

6.50E+06

6.50E+06

6.31E+06
5.07E+06

5.02E+06

3.98E+06

3.48E+06

1.61E+06

3.28E+07

1.04E+07

1.32E+06

7.85E+06

1.03E+07

8.58E+06

3.68E+05

1.80E+07

6.84E+06

3.16E+06

1.33E+07

1.77E+06

5.48E+05

492.74

102.52
157.19
64.24
154.25
57.41
56.74

54.39

48.63
48.63

48.63

48.63

47.24
37.91

37.56

29.78

26.03

9.97

202.93

64.53

8.18

48.57

63.65

53.09

1.76

86.23

32.75

15.13

63.56

8.45

2.62

168.16

144.58
102.52
84.82
64.24
59.19
57.41
56.74
56.06
54.39

48.63
48.63

48.63

48.63

47.24
37.91

37.56
36.05
29.78

27.86
26.03

136.50

40.36

62.24

113.67

13.37

76.55

90.58
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XP_009034850.1

XP_009039271.1
XP_009041703.1

XP_009033155.1
XP_009037422.1
XP_009032689.1
XP_009032767.1

XP_009034195.1
XP_009034430.1
XP_009034585.1
XP_009036131.1
XP_009041154.1

XP_009041608.1

XP_009041779.1
XP_009042081.1
XP_009040236.1
XP_009033030.1

YP_003002020.1

XP_009033220.1
XP_009033273.1

pH domain containing
protein

hypothetical
hypothetical

hypothetical

putative hydroxylase
histone

histone

histone
histone
histone
histone
histone

histone

histone
histone
hypothetical

putative ribulose-1,5-
bisphosphate
carboxylase/oxygenase
small subunit N-
methyltransferase |

photosystem | assembly
protein Ycf4
hypothetical

heat shock protein 70

3.23E+06

1.96E+06
1.93E+06
1.93E+06

1.93E+06
1.93E+06
1.93E+06
1.93E+06
1.93E+06

1.93E+06

1.93E+06
1.93E+06

1.48E+06

1.38E+06

1.26E+06
1.06E+06

6.14E+06
6.14E+06

4.10E+06

1.32E+06

4.88E+05
4.88E+05

2.77E+06

3.16E+06

24.16

14.69
14.42
14.42

14.42
14.42
14.42
14.42
14.42

14.42

14.42
14.42

11.11

10.29

9.47
7.92

37.97
37.97

25.38

8.18

2.33
2.33

13.23

15.13

24.16

20.15
20.15

19.30
14.69
14.42
14.42

14.42
14.42
14.42
14.42
14.42

14.42

14.42
14.42
11.66
11.11

10.29

9.47
7.92

88.42
88.42

31.45

29.79
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XP_009038582.1

XP_009036072.1
XP_009037622.1

XP_009037653.1

XP_009034812.1

Cell division protein FtsH

hypothetical

anaphase-promoting
complex subunit 8-like
protein

putative urea active
transport protein
ARF1-directed GTPase-
activating protein

1.01E+06

9.42E+05
7.35E+05

5.99E+05

3.13E+05

7.59

7.05
5.50

4.48

2.34

7.59

7.05
5.50

4.48

2.34
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Supplemental Table 2. Categories of reciprocal best BLAST hit pairs based on their NCVOG classification (Yutin et al., 2009).

Catedor Number of RBH pairs
gory RBH pairs across families
Uncharacterized 215 34
DEAD/SNF2-like helicases 27 14
Transcription/RNA processing
(RNA polymerases, Poxvirus early transcription factor, Ribonucease 111, XrN 5-’3” exonuclease, mRNA capping 39 9
enzyme)

MCP 21 13
Translation 7 4

(translation initiation inhibitor yjgF family, eukaryotic translation intitation factor 4e)

Redox

(Flavin-containing amine oxidoreductase, Erv1/Alr family oxidoreductase, Thioredoxin) 38 26

Kinases/Phosphatases
(Serine/Threonine protein kinase, F10 like kinase, serine threonine phosphatase 2C, Dual specificity phosphatases 22 7
(DSP); Ser/Thr and Tyr protein phosphatases, acid phosphatase class B)

Proteases 10 2
(Ulpl protease, trypsin-like serine protease, papain-like cysteine peptidase, metallopeptiase WLM, otubain-like protein)
Other
(Patatin phospholipase, uracil-DNA glycosylase, histones, Zn-finger proteins, Poxvirus P4B major core protein,
Esterase lipase superfamily, DNA polymerase X, collagen triple helix repeat containing protein, mannose-6P 31 10
isomerase, glycosyltransferase, Ubiquitin, Nudix hydrolase, lipocalin family protein, FtsJ-like methyltransferase, AAA
family ATPase
Total 410 119
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Supplemental Table 3. Classification of putative viral contigs containing polysaccharide lyases into viral families by best

BLAST hit to NCVOG on contig.

Family Count Family/Total Viral
Pithoviridae 4 0.008
Phycodnaviridae 183 0.367
Mimiviridae 142 0.285
Pandoraviridae 50 0.100
Iridoviridae 7 0.014
Ascoviridae 68 0.136
Poxviridae 15 0.030
el |
Total 499 1.000
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Supplemental Table 4. List of sequencing data used in this study. ~ Assembled contigs downloaded from European Nucleotide
Archive from https://www.ebi.ac.uk/ena/about/tara-oceans-assemblies. * Run accessions downloaded from European Nucleotide
Archive.

TARA Station 122

Assembled
Contigs” CEOO01 CEPX01 CERGO1 CESPO1 CETYO01 CEVHO1 TARA Station 122 — Metagenomes’
CENFO1 CEOPO1 CEPYO01 CERHO1 CESQO1 CETZ01 CEVIO1 ERR594284
CENGO01 CEOQO1 CEPZ01 CERIO1 CESRO01 CEUAO01 CEVJ01 ERR594301
CENHO01 CEORO1 CEQAO01 CERJO1 CESS01 CEUBO1 CEVKO1 ERR594304
CENIO1 CEOSO01 CEQBO1 CERKO1 CESTO1 CEUCO1 CEVLO01 ERR594305
CENJO1 CEOTO01 CEQCO01 CERLO1 CESUO01 CEUDO1 CEVMO01 ERR598948
CENKO1 CEOU01 CEQDO01 CERMO1 CESV01 CEUEO1 CEVNO1 ERR594292
CENLO1 CEOVO01 CEQEO1 CERNO1 CESWO01 CEUF01 CEVO01 ERR594322
CENMO1 CEOWO01 CEQF01 CEROO1 CESX01 CEUGO01 CEVPO1 ERR594307
CENNO1 CEOX01 CEQGO01 CERPO1 CESYO01 CEUHO1 CEVQO1 ERR598999
CENOO01 CEOYO01 CEQHO1 CERQO1 CESZ01 CEUIO01 CEVRO1 ERR594306
CENPO1 CEOZz01 CEQIO01 CERRO1 CETAO1 CEUJO1 CEVS01 ERR598992
CENQO1 CEPAO1 CEQJO1 CERSO1 CETBO01 CEUKO01 CEVTO1 ERR594309
CENRO1 CEPBO01 CEQKO01 CERTO1 CETCO01 CEULO1 CEVUO01
TARA Station 122 —

CENSO01 CEPCO1 CEQLO1 CERUO1 CETDO1 CEUMO1 CEVV01 Metatranscriptomes’
CENTO1 CEPDO1 CEQMO01 CERVO01 CETEO1 CEUNO1 CEVWO01 ERR3587201
CENUO01 CEPEO1 CEQNO1 CERWO01 CETFO01 CEUOO01 CEVX01 ERR3587197
CENVO01 CEPFO1 CEQOO01 CERXO01 CETGO01 CEUPO1 CEVYO01 ERR3587126
CENWO01 CEPGO1 CEQPO1 CERYO01 CETHO1 CEUQO1 CEVZ01 ERR3587160
CENXO01 CEPHO1 CEQQO1 CERZ01 CETIO1 CEURO1 CEWAO1 ERR3587125
CENYO01 CEPIO1 CEQRO1 CESA01 CETJO1 CEUSO01 CEWB01 ERR3587151
CENZzO01 CEPJO1 CEQSO01 CESBO1 CETKO1 CEUTO1 CEWCO01 ERR3587172
CEOAO01 CEPKO1 CEQTO1 CESCO01 CETLO1 CEUU01 CEWEO01

CEOCO01 CEPLO1 CEQUO1 CESDO1 CETMO01 CEUVO01 CEWFO01

CEODO01 CEPMO1 CEQVO01 CESEO1 CETNO1 CEUWO01 CEWGO01
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CEOEO1
CEOFO01
CEOGO1
CEOHO1
CEOIO01
CEQJO1
CEOKO1
CEOLO1
CEOMO1
CEONO1

CEPNO1
CEPOO1
CEPPO1
CEPQO1
CEPRO1
CEPS01
CEPTO1
CEPUO1
CEPVO1
CEPWO1

CEQWO1
CEQX01
CEQY01
CEQZ01
CERA01
CERBOL1
CERCO1
CERDO1
CEREO1
CERFO1

CESFO01
CESGO01
CESHO1
CESIO1
CESJO1
CESKO01
CESLO1
CESMO01
CESNO1
CESO01

CETO01
CETPO1
CETQO1
CETRO1
CETS01
CETTOL
CETUOL
CETVO1
CETWO1
CETXO01

CEUXO01
CEUYO01
CEUZ01
CEVAO1
CEVBO01
CEVCO01
CEVDO1
CEVEO1
CEVFO01
CEVGO1

CEWHO1
CEWI01
CEWJO01
CEWKO1
CEWOO01
CEWPO1
CEWQO1
CEWROL
CXWFO1
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