Average Value
A 0.00 0.05 0.10 0.15 0.178

Peribunyaviridae
Retroviridae
Arenaviridae
Phenuiviridae
Reoviridae

Picornaviridae
" Bulk RNA-seq Semen

M Bulk RNA-seq Testis
" scRNA-seq Testis

Orthomyxoviridae
Circoviridae
Flaviviridae
Anelloviridae
Arteriviridae

Birnaviridae Peribunyaviridae

Hepeviridae

Retroviridae Anelloviridae

Nairoviridae

Deltavirus

Arenaviridae Flaviviridae

Hantaviridae
Togaviridae
Rhabdoviridae
Hepadnaviridae

Phenuiviridae Circoviridae

Herpesviridae

Reoviridae Orthomyxoviridae

Polyomaviridae
Picornaviridae

® Bulk RNA-seg-Semen © Bulk RNA-seqg-Testis ® scRNA-seq-Testis

Picobirnaviridae
Parvoviridae

Papillomaviridae

C

Caliciviridae

1.00 \

Paramyxoviridae 99.8%, Birnaviridae

Astroviridae (Drosophila X virus)

.. 0.75
Alloherpesviridae
Adenoviridae
Matonaviridae 0.50

Tobaniviridae

Coverage

Coronaviridae 025

Bornaviridae

Pneumoviridae

Poxviridae 0.00

Filoviridae
Asfarviridae

Supplemental Figure 1



>

Bulk RNA seq

—— Healthy Patient
Adenoviridae (p = 0.029) Alloherpesviridae (p = 0.079) Arteriviridae (p = 0.003) Asfarviridae (p =0.215) Pneumoviridae (p =0.105)  Orthomyoviridae (p= 0.006)
c
5 1.00
5
g o
o
=
Q. | 050
L
[0
Ke)
€ 025
S
“lom | (I | | | [ : : lodo [ R O I
>0.01 >0.03 >0.05 Max =001 >0.02 Max >0.01 >0.03 >0.05 Max > 0.0025 >0.0125 Max >0.01 >0.02 >0.03 Max >0.02 >0.06 =>0.1 >0.14
Coverage
Astroviridae (p = 0.073) Brinaviridae (p = 0.116) Bornaviridae (p = 0.125) Caliciviridae (p = 0.001) Polyomaviridae (p = 0.186) Arenaviridae (p= 0.903)
1.00 =
g -——‘_\—N»vn
=] =
g 0.75
Q
o
a | 050
.
38
0.25
1S
2
0.00 P L
Lo sdes ados e sdor ados ados e 2doos soiots soes whe ador ades  sdos sk o [ | T
> 0.01 > 0.03 >0.05 Max =>0.01 > 0.03 > 0.05 ax >0.005 >0.015 >0.025 Max =>0.01 > 0.03 > 0.05 ax >0.02 >0.04 >0.06 Max >0.025 =>0.075 =>0.125 Max
Coverage
Coronaviridae (p = 0.083) Cricoviridae (p = 0.047) Deltavirus (p = 0.06) Filoviridae (p = 0.107) Poxviridae (p = 0.186) Hantaviridae (p= 0.134)
c | 1.00
RS
5
8| o
[e]
4
Q| o050
L
[0
o)
£ 025
S
=z
P doos wdors soloas  whe solr sdos soos by 2oz soos soos  wdscloos sdots sdozs e sobos +dors Lol O P
>0.005 >0.015 =0.025 Max >0.02 >0.04 >0.06 Max >0.02 =0:04 >0.06 Madx = 0:005 =>0.015 =0.025 ax >0.005 =0.015 =0.025 Max >0.01 >0.08 >=0.05 >0.07 Max
Coverage
Flaviviridae (p = 0.003) Hepeviridae (p = 0.639) Herpesviridae (p = 0.014) Matoviridae (p = 0.053) Rhabdoviridae (p = 0.126)
1.00
c
RS
h-
5|07
Q
o
A | 050
s
[
Qo025
IS
2
0.00
= 0|.01 = 0|.03 = 4.05 Mlax = D|.01 = J.OS = 0|.05 Mlax = 0!01 = 0|.03 = 0!05 lvlax = [}I.005 = (J.015 = (J.025 Mlax = 0|.01 = 0!03 M;lax
Coverage
Nairoviridae (p = 0.059) Papillomaviridae (p = 0.111) Paramyxoviridae (p = 0.061) Parvoviridae (p = 0.14) Tobaniviridae (p = 0.268)
c
IS 1.00
p=
8l o075
o
=
% 0.50
[0
Ke)
€| 025
S
b
0.00 ' ' 1 i
do2 2dos =dos  wix adot ados odos M a=dot  sols  solos Mx 2dor sdos 2dos  wex sdots sdots sdoss W
Coverage
Peribunyaviridae (p < 0.001) Phenuiviridae (p = 0.001) Picobirnaviridae (p=0.112) Picornaviridae (p = 0.002) Togaviridae (p = 0.001)
1.00
c
kel
T|075
o
Q
QQ_ 0.50
L
3
0.25
IS
=]
z 0.00
f f I | [ | | | L1 | |
> 0.005 20.015 Max = 0.02 >0.06 2010 Max =0.01 2003 =005 Max >0.03 2 0.05 =0.07 Max  =0.01 >0.03 Max
B Coverage
Reads Proportion > 0 Reads Proportion > 5 x 107 Reads Proportion = 5 x 10®
1.00] et 026 1.00 5% 10— —2x 10—
ors| |
0.75 0.40 E Healthy
0.50 e, Patient
0.50) el Y | :
0.20
0.25
0.25]
0.00 1 0.00
0.0t

Supplemental Figure 2



Number Proportion Number Proportion Number Proportion Number Proportion Number Proportion

Number Proportion

scRNA seq

— Healthy Patient
Adenoviridae (p = 0.941) Alloherpesviridae (p = 0.886) Arteriviridae (p = 0.953) Astroviridae (p = 0.901) Peribunyaviridae (o= 0.922)  Arenaviridae(p= 0.102)
1.00 <3 \
0.75 | \
\ [ !
0.50
0.25
ool—y ——t : +—4 == i m i i e |————rry
>0.0025 = 0.0075 Max >0.0025 =0.0075 Max >0.005 >0.015 =0.025 Max >0.005 =>0.015 Max >0.02 =>0.06 =0.10 Max >0.05>0.1>0.15= 0.2Max
Coverage
Birnaviridae (p = 0.459) Bornaviridae (p = 0.863) Caliciviridae (p = 0.857) Coronaviridae (p = 0.971) Phenuiviridae (p = 0.817) Hantaviridae (p = 0.64)
1.00
0.75
0.50
0.25
B e s T N N
>0.005 =0.01 Max > 0.0025 > 0.0075Max >0.005 > 0.015 Max >0.0025 = 0.0075 Max >0.01 >0.03 =005 Max =0.01=0.02>0.03 =0.04 Max
Coverage
Cricoviridae (p = 0.778) Deltavirus (p = 0.639) Filoviridae (p = 0.976) Flaviviridae (p = 0.74) Picobrinaviridae (o = 0.63) Orthomyoviridae (p= 0.853)
1.00
0.75 A\
0.50 \
0.25
ey e
> 0.005 = 0.015 = 0.025 Max > 0.005 >0.015 Max > 0.0025= 0.005 Max > 0.005 >0.015 = 0.025 Max >0.005 >0.015 >0.025 Max =>0.01 =>0.03 =>0.05 Max
Coverage
Hepadnaviridae P= 0.006) Hepeviridae P= 0.719) Herpesviridae (p = 0.578) Matonaviridae (p = 0.996) Picornaviridae  (p = 0.834)
1.00
0.75 \
0.50
0.25
-
0.00 —
’ | | | | | | | f t f i f f | | |
>0.005 =>0.015 Max >0.01 >0.02 > 0.03 > 0.04 Max >0.005 =>0.01 Max > 0.0025 > 0.0075 Max >0.01 > 0.02> 0.03 Max
Coverage
Nairoviridae  (p = 0.61) Papillomaviridae P= 0.956) Paramyxoviridae w= 0.916) Parvoviridae P= 0.454) Tobaniviridae P= 0.925)
1.00
N
0.75 \
0.50 \
0.25 N\
PO L e
>0.005 =0.015 >0.025 Max > 0.005 > 0.01= 0.015 Max >0.005 =>0.01 Max >0.005 =0.015 =0.025 Max >0.0025 =>0.0075 Max
Coverage
Pneumoviridae (p = 0.932) Retroviridae (p = 0.225) Poxviridae (p = 0.976) Rhabdoviridae (p = 0.8) Togaviridae (p = 0.946)
1.00 =
0.75
0.50
0.25
% : —— ———r— | | ————
> 0.0025 >0.0075 Max  >0.02 >0.06 >0.1 >0.14Max  >0.0025 =0.0075Max > 0.005> 0.015= 0.0025 Max > 0.005=0.01>0.015  Max
Coverage

Supplemental Figure 3



Torque trno virus 25-Host_Human

Chicken anemia virus-Host_Gallus

Simian torque teno virus 32-Host_Simian
Simian torque teno virus 31-Host_Simian

Torque teno douroucouli virus-Host_Douroucouli
Simian torque teno virus 33-Host_Simian

Torque teno sus virus 1a-Host_Sus_scrofa
Torque teno virus 14-Host_Primates

Simian torque teno virus 30-Host_Simian

Avian gyrovirus 2-Host_Gallus

Torque teno tamarin virus-Host_Tamarin

Torque teno felis virus-Host_Felis

Simian torque teno virus 34-Host_Simian
Torque teno canis virus-Host_Cains

Torque teno virus 26-Host_Primates

Seal anellovirus TFFN/USA/2006-Host_Phoca_vitulina_richardsi
Rodent Torque teno virus 3-Host_Rodent
Gyrovirus GyV3-Host_Human

Lesser panda anellovirus-Host_Panda

Ashy storm petrel gyrovirus-Host_Hydrobates_homochroa
Rodent Torque teno virus 2-Host_Rodent

Seal anellovirus 4-Host_Phoca_vitulina
Gyrovirus 4-Host_Human

Torque teno felis virus 2-Host_Felis

Gyrovirus GyV7-SF-Host_Human

Bulk RNA seq

X X

0.90 0.92 0.94 0.96 0.98
Coverage > 0.1

Torque_teno_virus25
Gyrovirus_GyV3
Gyrovirus4
Torque_teno_virus27
Gyrovirus_GyV7-SF
Gyrovirus_Tu243
Gyrovirus_Tu789
Torque_teno_virus29
Torque_teno_virus19
Torque_teno_virus10
Torque_teno_virus12
Torque_teno_virus6
Torque_teno_virus22
Torque_teno_virus8
Torque_teno_virus15
Torque_teno_virus17
Torque_teno_virus28
Torque_teno_virus3
Torque_teno_virus5
Torque_teno_virus20
Torque_teno_midi_virus11
Torque_teno_virus18
Torque_teno_midi_virus4
Torque_teno_midi_virus5
Torque_teno_midi_virus9
Torque_teno_mini_virus2
Torque_teno_midi_virus10
Torque_teno_midi_virus14
Torque_teno_virus21
Torque_teno_mini_virus11
Torque_teno_midi_virus8
Torque_teno_midi_virus12
Torque_teno_virus
Torque_teno_virus11
Torque_teno_virus1
Torque_teno_virus13
Torque_teno_virus24
Torque_teno_midi_virus6
Torque_teno_virus16
Torque_teno_mini_virus9
Torque_teno_virus7
Torque_teno_virus9
Torque_teno_midi_virus13
Torque_teno_mini_virus8
Torque_teno_mini_virus3
Torque_teno_mini_virus_ALA22
Torque_teno_mini_virus12
Torque_teno_midi_virus7
Torque_teno_midi_virus1
Torque_teno_midi_virus2
Torque_teno_mini_virus6
Torque_teno_mini_virus18
Small_anellovirus2
Torque_teno_mini_virus5
Torque_teno_mini_virus_ALH8
Torque_teno_mini_virus10
Torque_teno_mini_virus7
Torque_teno_mini_virus1
TTV-like_mini_virus —(TTMV)
Small_anellovirus1
Torque_teno_midi_virus3

0.0 0.1 0.2 0.3 0.4

0.5 0.6 0.7

Coverage Value

(Number Proporation)

Bulk RNA seq

0.8

Gz doj juened AyyesH seioadg eepLinojeUYy

0.9

C

@ Alphatorquevirus
Gyrovirus

@ Latatorquevirus
Chitorquevirus
Wawtroquevirus
Thetatroquevirus

Torque teno midi virus 9-Host_Human

Torque teno midi virus 5-Host_Human

Torque teno midi virus 11-Host_Human

Torque teno midi virus 10-Host_Human

Torque teno sus virus k2b-Host_Sus_scrofa

— gg;:{; i Torque teno midi virus 13-Host_Human
‘quevirus

Ashy storm petrel gyrovirus-Host_Hydrobates_homochroa

Avian gyrovirus 2-Host_Gallus

Torque teno virus 19-Host_Human

Simian torque teno virus 32-Host_Simian

Gyrovirus GyV3-Host_Human

Torque teno midi virus 1-Host_Human

Simian torque teno virus 34-Host_Simian

Torque teno virus 25-Host_Human

Torque teno indri virus 1-Host_Indri

Simian torque teno virus 33-Host_Simian

Torque teno midi virus 7-Host_Human

Torque teno virus 26-Host_Primates

Torque teno midi virus 14-Host_Human

Torque teno midij virus 8-Host_Human

Torque teno tamarin virus 1-Host_Tamarin

Torque teno sus virus 1b-Host_Swine

Torque teno virus 14-Host_Primates

Torque teno virus 6-Host_Human

Torque teno canis virus-Host_Canis

Torque_teno_virus19
Torque_teno_midi_virus5

Torque_teno_midi_virus9

)_midi_virus10
Torque_teno_midi_virus11
Gyrovirus_GyV3
Torque_teno_midi_virus1
Torque_teno_virus25
Torque_teno_midi_virus7
Torque_teno_midi_virus13
Torque_teno_virus12
Torque_teno_virus6
Torque_teno_midi_virus8
Torque_teno_midi_virus14
Torque_teno_virus22
Torque_teno_virus28
Torque_teno_mini_virus2
Torque_teno_mini_virus10
Torque_teno_midi_virus12
Torque_teno_virus27
Torque_teno_virus3
Torque_teno_virus8
Torque_teno_virus15
Torque_teno_virus
Torque_teno_virus20
Torque_teno_midi_virus6
Torque_teno_virus1
Torque_teno_mini_virus8
Gyrovirus4
Torque_teno_mini_virus3
Torque_teno_virus16
Gyrovirus_GyV7-SF
Torque_teno_virus11
Torque_teno_midi_virus4
Torque_teno_midi_virus2
Torque_teno_mini_virus18
Torque_teno_virus29
Torque_teno_mini_virus9
Torque_teno_mini_virus7
Torque_teno_mini_virus5
Gyrovirus_Tu243
Gyrovirus_Tu789
Torque_teno_virus21
Torque_teno_mini_virus12
Torque_teno_mini_virus_ALA22
Torque_teno_virus9
Torque_teno_virus17
Torque_teno_virus18
Small_anellovirus1
Torque_teno_virus10
Torque_teno_virus7
Torque_teno_viruss
Torque_teno_virus13
Torque_teno_mini_virus11
Torque_teno_midi_virus3
Torque_teno_mini_virus1
Torque_teno_virus24
Small_anellovirus2
Torque_teno_mini_virus6
Torque_teno_mini_virus_ALH8
TTV-like_mini_virus —(TTMV)
0.0 0.1

1.0 0.2 0.3

scRNA seq

D

00 02 04 06 08
Coverage > 0.1

(Number Proporation)

scRNA seq

0.4 0.5 0.6 0.7

Coverage Value

Supplemental Figure 4

Gz doj jusiied AyyesH seloeds eepLinojeuYy

0.8

Gammatorquevirus

@ Kappatorquevirus
Gyrovirus

@ Alphatorquevirus
Chitorquevirus

@ Latatorquevirus
Thetatroquevirus

0.9



A

Herpesviridae; iri
P i Togaviridae
a@WO 0 ©
Hepeviridael i L.
P ——— m— Tobaniviridae
MmO O
Flaviviridae] — e L
— Rhabdoviridae
QRElDo P00 ® 00 ®
Filoviridae) : .
H— Poxviridae
@ o
Deltavirus] ' N
I Polyomaviridae
Coronaviridae %
e Pneumoviridag
Caliciviridae) !
TR0 Picobirnaviridae
Bornaviridae| 8.
amm 0 Phenuiviridae
Birnaviridae| ;
—l—
A o —— Parvoviridae
stroviridag|
A0
(4] ..
L. Paramyxoviridae
Asfarviridae! éig&k y
© , .
L Papillomaviridae
Arteriviridag) s
— [
ATACO0 © @D . .
Alloherpesviridae, A Nairoviridag
-
]
Adenoviridae] i s Matonaviridas
1
.-333. T T T T T T T T T
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20 0.24 0.26 -0.1

Coverage

Anelloviridae Species Reads Proportion
> 5 x 108(p < 0.001)

Anelloviridae Species Reads Proportion

> 5 x 107(p < 0.005)

>5x 10 (p < 0.05)

T T T T T T
0.4 0.5 0.6 0.7 0.8 0.9

Coverage

Anelloviridae Species Reads Proportion

c 10 1.0 104
S
g 058 08 08
o === Healthy
O s 0.6 0.6
& .
L Patient
8 0.4 0.4 0.4
£ " 3 S
35 02 8 0.2 -5 0.2
3 . "\_H ’ L\_\—
-
0.0 0.0 P— 0.0
2050 =20.60 =0.70 =20.80 =090 1 20.10 20.20 20.30 20.40 >0.50 20.60 20.01 20.02 20.03

Reads Proportion

Supplemental Figure 5



500 bp

250 bp
100 bp

Weight Gain Ratio

25

Sperm Count

0.5

60

40

20

Abnormal Tubules (%)

B

C

Gyrovirus 4 Cirl PC NC NC Inactivated Gyrovirus 4 NC Gyrovirus 4
V5 V5 r
TUBULIN TUBULIN S’
Ctrl Gyrovirus 4 /_“ I Gyrovirus 4 intraperitoneal injection I
; 1
3-week-ol Sampling
28 days
Control : 200 pl culture medium
o 020 = Control
© = Gyrovirus 4(10°) i i
Eo.ws ,igs!!¥’g:—’g* 4
8 0.10 o i
% 0.05 o "
— q_) ',)/
go'oclt’lIIIIIIIIIIIIIIIIIIIIIIIIIIl
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Days
Control Gyrovirus 4
257 p=0.13 H 200 p =066 I 107 p =044
2.0 , o | an _L_ = 8
T L * 5 S
1 T c (0] Ad
1.5 | i = = 6
' T g 100 >
©
1.0 - %: Q\% 4—
|9 50 2
0.5 | ? 2-
l_
0.0 ? T 0 T T 0 T T
(N=6) (N=9) (N=6) (N=29) (N=6) (N=29)
p =03 K 100 p =0.045 L ? 15 M W a0
— =0. — 1 =0. n p =0.34 - ~0.62
S = - ~ P
o 3 i g T
- —— QO 80 - : P = o
- § o[* £ I T > | i
I — J_ o 107 | : S 20
— l | T 60 ) o |
2 > . [} 4
| g . 5 >
— 2 40 —--- £
o o | .GE) 5 T 10
€ - g o
= | [0}
_ g 2 o )
%) © o
o o
0 é 0 3: 0
N=6) (N=9 N=6) (N=9) N=6) (N=9 N=6) (N=9)
O = %07 P O 25 7
p=0.14 = p =0.035 _8 p =0.056
_ pre e = 20 —
O 20+ g
o _
5 g 15 ‘
g ©
@
> 104 8 10 —
< @
=} >
= x — 5-
S 0 (@)
................................. @ Ofeecees EEEERRRRY O TR R 5
3 Re) 0
= €
= S
T = -10 T T zZ 5 T T
(N =6) N=9) (N =6) (N=9) (N=6) (N=9)

Supplemental Figure 6



A

Negative Control Inactivated Gyrovirus 4 Gyrovirus 4

p =022

p =012  p =083
°

6 °

B

o

o

O

n

€ 04;

()

£

G

= 0.2

[

|

(@)

c

c

C

-]

§S) WEJlll

*3 1 treated (positively correlated)

=

@

-l

3

= 3 control (negatively correlated)

S - . | !

o 500 1000 1500
C Rank in Ordered Dataset

Negative regulation of viral process

| treated (positively correlated)

control (negatively correlated)
500 1000 1500
Rank in Ordered Dataset

Ranked List Metric Running Enrichment Score

Supplemental Figure 7



