Output results of CLIME (CLustering by Inferred Models of Evolution)

Dataset:

Num of genes in input gene set: 9
Total number of genes: 20834
Prediction LLR threshold: O

The CLIME PDF output two sections:
1) Overview of Evolutionarily Conserved Modules (ECMs)

* Top panel shows the predefined species tree.

Bottom panel shows the partition of input genes into Evolutionary Conserved Modules (ECMs), ordered by
ECM strength (shown at right), and separated by horizontal lines.

Each row show one gene, where the phylogenetic profile indicates presence (blue) or absence (gray) of
homologs in each species (column).

Gene symbols are shown at left. Gray color indicates that the gene is a paralog to a higher scoring gene
within the same ECM (based on BLASTP E < le-3).

2) Details of each ECM and its expansion ECM+

* Top panel shows the inferred evolutionary history on the predefined species tree. Branch color shows the gain
event (blue) and loss events (red color, with brighter color indicating higher confidence in loss). Branches
before the gain or after a loss are shown in gray.

» Bottom panel shows the input genes that are within the ECM (blue/white rows) as well as all genes in the
expanded ECM+ (green/gray rows). The ECM+ includes genes likely to have arisen under the inferred model
of evolution relative to a background model, and scored using a log likelihood ratio (LLR).

« PG indicates "paralog group" and are labeled alphabetically (i.e., A, B). The first gene within each paralog
group is shown in black color. All other genes sharing sequence similarity (BLAST E < 1e-3) are assigned to
the same PG label and displayed in gray.
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Log-likelihood Ratio Scale
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Gene set "integral to mitochondrial inner membrane", Page 1

ECM 1,
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ECM Strength: 0.0

Num of Predicted Genes: 500.

Num of ECM Genes: 3.

Last Common Ancestor
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Metazoa

Fungi

Plants

Protists

Protein

PG

COX18
ETFDH

1/2

1/2/3

PPOX
ETFB

UROD
CYP11B2
CYP17A1
CYP19A1

CYP21A1P

6/7/8

CYP21A2
CYP24A1
CYP26A1
CYP26B1
CYP27A1
CYP27B1
Cyp27C1

CYP2A6

CYP2B6

CYP2C8

CYP2D6

CYP2F1

CYP2S1

CYpP2U1

CYP3A4
CYP3A43

CYP3AS5

CYP3A7
CYP46A1
CYP4A11
CYP4A22

CYP4B1
CYP4F11
CYP4F12

CYP4F2
CYP4F22

| 7. synaptic vesicle Il 8: terminal button Il

6: dendritic spine

5: axon |

4: microtubule cytoskeleton

3: mitochondrial intermembrane space ||

2: mitochondrial membrane Il

1: integral to mitochondrial inner membrane

9: mitochondrial outer membrane



Log-likelihood Ratio Scale
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Gene set "integral to mitochondrial inner membrane", Page 2

ECM 1,
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ECM Strength: 0.0

Num of Predicted Genes: 500.

Num of ECM Genes: 3.

Last Common Ancestor
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Metazoa

Fungi

Plants

Protists

Protein

PG

CYP4F3

CYP4F8

CYP4V2

CYP4X1

CYP4z1
CYP51A1
CYP11A1
CYP11B1

1/2

3/4

HMBS

ECH1
HADHA
ECHDC2

6/7

ECHDC3

CYP2J32

CYP2R1

CYP1A1
CYP2C18

CYP2W1
CYP2C19
CYP2A13

CYP2C9
CYB5RL

TBXAS1
CYP2A7

PDK1
CYP21A1P

5/9/10

AGPS
CYP20A1

CYPT7A1

CYP7B1

LDHD
D2HGDH

11
12

PTGIS
CYP2E1
CYP39A1

8: pyruvate dehydrogenase complex

7: mitochondrial nucleoid

6: mitochondrial fatty acid beta-oxidation multienzyme complex

12: intrinsic to endoplasmic reticulum membrane

5: peroxisome [l

4: condensed chromosome

11: caveola

3: axon

2. perikaryon
10: peroxisomal membrane

1: mitochondrial crista
9: peroxisomal matrix
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ECM Strength: 0.0
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Metazoa

Fungi

Plants

Protists

Protein

PG

ACO2

ADSS
ADSSL1

1/2/3

DBT
DHTKD1

IDH2
IREB2

DLAT
DLST

C12orf65

COX10
CYB5R2

MSRB2
MSRB3

CPOX
SLC22A10

MECR
RTN4IP1

718

ACOX2
BCAT2
BCAT1

JMJID4
HIBCH

ATPS5C1

9/10
11
12
12

QRSL1
PRKAG1
PRKAG2

MTHFD2L

VATI1L

PDK3

13

SDHB

FBP1

FBP2
MTHFD2

ECHS1

6: mitochondrial intermembrane space

11: glutamyl-tRNA(GIn) amidotransferase complex

5: mitochondrial membrane [l

4: oxoglutarate dehydrogenase complex
10: mitochondrial proton-transporting ATP synthase complex, catalytic core F(1)

3: mitochondrial nucleoid [l

9: mitochondrial proton-transporting ATP synthase complex

13: mitochondrial respiratory chain complex I

2: mitochondrial alpha-ketoglutarate dehydrogenase complex

8: peroxisome

1: microtubule cytoskeleton
12: AMP-activated protein kinase complex

7. peroxisomal matrix
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NENF
CYB5D2

AWAT1
MOGAT3

2/16

DGAT2
DGAT2L6

AWAT2
MOGAT1

1: hemoglobin complex

MTRF1L

LACE1

FECH
FAAH

17/18

8: intrinsic to endoplasmic reticulum membrane

16: integral to endoplasmic reticulum membrane

7. endoplasmic reticulum lumen

15: external side of plasma membrane

6: mitochondrial respiratory chain complex Il

5: peroxisome
13: cytoplasmic vesicle

4: peroxisomal matrix
12: brush border membrane

3: mitochondrial outer membrane
11: basolateral plasma membrane

18: organelle membrane

2: lipid particle

10: mitochondrial membrane

14: cytosolic part

17: endomembrane system

9: axon
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Protein

PG

ECI2
GCH1

213

CDYL

NOX3

4/5

CYBB

FA2H
CRYL1

PHF8

FAHD1
FAHD2A
FAHD2B

SLC22A2

UPRT
PTPRZ1

6/7

GSTT1
MTHFDI1L

MSRA
CHAC2

PDK2

PDK4
CNDP1

SLC22A15

9/10/11

UBXN1
PTPRG

PGP
PDXP

PTPN23

12/13/14/15/16/ 17/
19/20/21/22

23

VAT1
PDHA1
PDHAZ2

24
24

BCKDHB

BCKDHA
ALDH16A1

15/16/25

8: pyruvate dehydrogenase complex

16: lamellipodium membrane
24: mitochondrial alpha-ketoglutarate dehydrogenase complex

7: proteinaceous extracellular matrix

15: lamellipodium

6: perineuronal net
14: contractile ring
23: mitochondrial outer membrane

5: phagocytic vesicle membrane

4: NADPH oxidase complex [l

3: nuclear membrane |

2: cytoplasmic vesicle

9: Cdc48p-Npl4p-Ufdlp AAA ATPase complex

18: ruffle membrane

1: peroxisomal matrix

17: midbody

=
(@]
i
e —
>
[Vl
(D)
(@)
)
wo
o =2
O ®©
)]
m ©
— O
Q
>
_— O
>
e
(@]
-
c O
S =
SE
o N
X N
(7]
(@]
d—
P
o
c
3
< £
& O
— 0
(@]
©
e
= O
—
[\
x
Qo
o =
=
(@]
Ce
o =
=
(7]
S o
c >
23
° -
o C
-]
—d O
- o
1
()
e
— @©
-
o]
5
2 E
-
T ©
G
°
o o
— o
)
>
O
— o
[\
e
E
3
5
—



Log-likelihood Ratio Scale

ABSENCE

PRESENCE

Gene set "integral to mitochondrial inner membrane”, Page 7

ECM 1,

10 20 30 40 50 60

0

LOSS

GAIN

ECM Strength: 0.0

Num of Predicted Genes: 500.

Num of ECM Genes: 3.

Last Common Ancestor
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ABHD11

SLC22A8

APRT
UQCRFS1

6

TM7SF2
SLC22A16

718

CTSA

9/10

11

HSD11B2

12/13

SLC47A2

ALAS2

GCAT
SPTLC1

14/15
14
14
16

SPTLC2

SPTLC3

7: lysosomal lumen

13: mitochondrial proton-transporting ATP synthase complex, coupling factor F(0)

6: mitochondrial respiratory chain complex Il

5: basolateral plasma membrane |

12: mitochondrial proton-transporting ATP synthase complex

4: mitochondrial respiratory chain
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1: cytosolic large ribosomal subunit

8: lysosome

16: mitochondrial nucleoid

15: SPOTS complex

14: serine C-palmitoyltransferase complex
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Protein

PG

1/2

3/4/5/6

10

11/12

13

14

ADCK4

PHB

PHB2
FUBP3
PRPSAP2
PRPSAP1
SLC25A51

|
|
|
|
|
=
|
|
|
|

PRKAB1

PRKAB2

SV2A
CACNALF

MRPL11

FMO3

Cs
SUCLA2

[ -

N
O
—
O
)
)

AKR1C2

AKR1C2

AKR1C3

AKR1C4

AKR1D1

LIPK
AKR1C1

ASNS
FAMS8A

SLC47A1
SLC22A6
FDXACB1

REPS1
REPS2

SPHK2 ' -

7: voltage-gated calcium channel complex

6: synaptic vesicle membrane
14: lysosomal membrane

| 5: presynaptic active zone
12: caveola

4: neuromuscular junction

11: basolateral plasma membrane

3: cell-cell junction

10: lysosome

|| 2: cAMP-dependent protein kinase complex

9: intrinsic to endoplasmic reticulum membrane

1: AMP-activated protein kinase complex

8: mitochondrial ribosome

13: coated pit
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Metazoa

Fungi

Plants

Protists

Protein

PG

ADCK2
DCTN1
PPME1
PRODH2

<
~
[92]
~
N
~
—

MRPL4

CYCS
SLC25A53

9/10/11

IDE
ABHDA4
100510228

BOLA2B

BOLA2
TAMM41

12

GYG1
KDM5C
JARID2

13/14

KDM4D
KDM4E

MPV17L2

AKR1E2

LRRC28
LRRC10B
AKR1B15

15/16/17/18

LBR
ACACA

3/19/20/21/22/23

5

BUB1B

MRPS5

10/11/24
25/26
27

LONP2
MRPL13

PCBP1
KHSRP

28
29

1: cell leading edge

EDEM3
SLC26A11

9: cytosolic proteasome complex ||

16: nuclear envelope

8: respiratory chain

23: spindle midzone

15: integral to nuclear inner membrane

7: protein phosphatase type 2A complex

14: histone methyltransferase complex

6: mitochondrial intermembrane space

5: ribosome
13: ESC/E(Z) complex

4: spindle pole

12: extrinsic to mitochondrial inner membrane

3: kinetochore |

2: cytoplasmic dynein complex |

17: nuclear membrane
25: mitochondrial large ribosomal subunit

22: microtubule organizing center

21: condensed chromosome outer kinetochore

20: condensed chromosome kinetochore

|
19: anaphase-promoting complex

11: peroxisome

10: peroxisomal matrix

24: nucleoid |

18: nuclear pore
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Metazoa

Fungi

Plants

Protists

Protein

PG

1/2

FGD3

1/2/31/4

1/2

FGD4

FGD6
GLRX

SLC26A7

5/6/7

654085
GCSH

8

9/10/11/12

VPS41

umps [

KDM2B
CACNA1C
CACNA1B

13

14/15/16/17

16
16
18
19

CACNA1lI

CERS2

TAF3
VAC14
FADS3
FADS1
FADS2

SLC36A1

20/21/22

23
24

RTF1
TMOSF4

23/25/26
6/21

TM9SF1

TMOSF2

TM9OSF3

SELO

9/27128

NOX1

PHF2
SLC39A12

HMGCS1

UPB1
C9orf3

MTO1
CACNA1D

16 /17

JMJID6

10: Golgi-associated vesicle

19: transcription factor TFIID complex

|| 9: early endosome
18: nuclear membrane

8: glycine cleavage complex

17: Z disc
25: autophagic vacuole membrane

7: recycling endosome membrane

16: voltage-gated calcium channel complex

6: endosome

|
15: T-tubule
23: lysosomal membrane

5: basolateral plasma membrane

14: postsynaptic density

4: filopodium

3: actin cytoskeleton
13: PcG protein complex

12: late endosome

2: ruffle

1: lamellipodium

11: HOPS complex
20: early endosome membrane

26: cytoplasmic vesicle

22: late endosome membrane

21: endosome membrane

27 invadopodium membrane

24: Cdc73/Pafl complex ||
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Metazoa

Fungi

Plants

Protists

Protein

PG

IMPDH1
IMPDH2

ODC1

AZIN1

ADC
GLDC

FBXL15

2
3/4/5/617
1/8/9/10/11
12

13
13/14/15
13

13/14

13

16 /17

18

IIIII L - d -

pEGS2 1]
PICALM
GMPS
CAT
ACLY
PPP2R5E
PPP2R5A
PPP2R5B
PPP2R5C
PPP2R5D
CLCNKB

19/20/21/22/23/24

20/ 22
25/26

26

18
27

CLCNKA

ING4

RANBP9
CACNA1G

28
29

HADH

COX11
STOML2

30
31

ACADVL
CACNA1H

29

32/33/34

AQP4

HAGH

9. mitochondrial intermembrane space ||

17: lysosomal membrane

8: lysosome

7. presynaptic membrane

6. postsynaptic membrane

5: coated pit
14. chromosome, centromeric region

4: clathrin coat of coated pit |

13: protein phosphatase type 2A complex

3: AP-2 adaptor complex

12: citrate lyase complex

2: SCF ubiquitin ligase complex

11: peroxisome

1: peroxisomal membrane
10: peroxisomal matrix

24: vesicle membrane

16: cytoplasmic vesicle

15: M band

23: transport vesicle membrane

22: late endosome membrane

20: early endosome membrane

19: early endosome

25: apical part of cell |

21: late endosome Il

18: chloride channel complex
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Metazoa

Fungi

Plants

Protists

Protein

PG

LRRC2
ABHD5
SLC26A6

DBI
FKBP11

21314151617
9/10/11/12/13

8

|
|
|
|
|
e
|
|
|
|
=
|
|
|
|
|

|
-
|
|
|
|
|

|
|
|
|
|
=
|
|
|
|
L —
|
|
|
|
|

|
|
|
|
|
r
|
|
|
|
=
|
|
|
|
|

GPT2
ALDH3B1
ACCSL
DPP4
CCBL1
CCBL2
ACCS
TAT
ALDH2
GPT
DECR1
ARIH1
DMGDH
DCTD
PINX1
PRODH

14/15

16
17
17

ING3
ING5

EHHADH

ZADH2
COX15

- - - --——t-—---

18/19
20
21

SNX7
CACNA1E

22

PAOX

23
24

IVD
TMEMG63A

SNX30

1: lipid particle

GOT2

25/26

GOT1
GOT1L1

9: chromosome, telomeric region
16: MOZ/MOREF histone acetyltransferase complex

8: ubiquitin ligase complex

|
15: Piccolo NuA4 histone acetyltransferase complex

7: membrane raft

||  6:lamellipodium membrane ||

14: NuA4 histone acetyltransferase complex

5: lamellipodium

4: invadopodium membrane [l

12: nuclear chromosome

3: intercellular canaliculus
11: kinetochore

2. endocytic vesicle Il
10: condensed chromosome kinetochore

17: peroxisome

23: mitochondrial membrane

21: voltage-gated calcium channel complex

13: spindle
20: cytoplasmic vesicle membrane

19: mitochondrial respiratory chain

18: mitochondrial part

24: lysosomal membrane |

22: peroxisomal matrix |
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15: COPI vesicle coat

22: late endosome membrane
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9: voltage-gated potassium channel complex

8. mitochondrial membrane ||
16: mitochondrial large ribosomal subunit
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4: membrane raft ||  5: slitdiaphragm || 6: chromosome
13: voltage-gated sodium channel complex

3: intrinsic to internal side of plasma membrane
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11: mediator complex

2: cell-cell junction

1: Cul5-RING ubiquitin ligase complex

15: nuclear membrane

12: membrane part |

10: DNA-directed RNA polymerase Il, holoenzyme
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6: endoplasmic reticulum-Golgi intermediate compartment membrane

13: trans-Golgi network transport vesicle

5: endoplasmic reticulum-Golgi intermediate compartment |

4. COPIl vesicle coat ||
11: Golgi cisterna membrane

3: COPI vesicle coat
10: COPI-coated vesicle membrane

2: mitochondrial respiratory chain complex | |

8: mitochondrial outer membrane

1: integral to mitochondrial inner membrane

7: lipid particle

12: zymogen granule membrane

9: COPI-coated vesicle Il
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Metazoa

Fungi

Plants

Protists

Protein

PG

1/2/3
1/3

TIMM17B
TIMM17A

ADCK3
ADCK4
ADCK5

PCCA

PHB
PHB2
ADCK1

PLCL2
SEC14L4
SEC14L6
MOSPD2

DBl
ACACA

QRSL1
BTF3L4

PITHD1

5/6/718

TOP1
PINX1

6/9/10/11/12

GMPR
GMPR2
EWSR1

13

PLCH1

PHF2
RBM10

14
15

PHF10

DPF2

16
17

DPF1
ACACB

18/19

FASN

20/21/221/23

CLVS1
FAMS8A

DHTKD1

PDHX

5: cytoplasmic mRNA processing body [l

12: spindle

4: glutamyl-tRNA(GIn) amidotransferase complex

3: mitochondrial inner membrane presequence translocase complex
10: condensed chromosome kinetochore

2: microtubule cytoskeleton

1: integral to mitochondrial inner membrane

14: chromatin remodeling complex

|
23: trans-Golgi network

13: nuclear membrane

22: endosome

11: kinetochore |

21: early endosome membrane

9: chromosome, telomeric region ||

18: glycogen granule

8: replication fork protection complex

7: perikaryon
16: nBAF complex

6: nuclear chromosome
15: npBAF complex

20: clathrin-coated vesicle |

19: melanosome |

17: endomembrane system Il
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Metazoa

Fungi

Plants

Protists

Protein

PG

L _____________ N __ ____ [
<
I
[a)
n

N
I
O
I
o

DLAT

1

DLST
ADSSL1

ACO1
C12orf65

ACO2

2

COX10
CYB5R2

ADSS

IDH2
IREB2

3/41/5

DBT
MTRF1

2

OGDH

ACBD7

MECR
RTN4I1P1

RLBP1
CLVS2
IMPDH2
IMPDH1

6/7/8/19

10

11

EDEM3
CYP1A2
SEC14L3

PMPCA

COQ5
UQCRC2

12

VATIL

13

EIF3A

14

RSF1
TOP1IMT

5/15

TIMM22

16

7. early endosome membrane

14: RSF complex

[l 6. clathrin-coated vesicle

5: mitochondrial nucleoid
13: eukaryotic translation initiation factor 3 complex

4: mitochondrial alpha-ketoglutarate dehydrogenase complex
12: mitochondrial respiratory chain complex Il

11: endoplasmic reticulum lumen

3: microtubule cytoskeleton
16: mitochondrial respiratory chain complex Il

10: peroxisomal membrane

2: mitochondrial membrane

I
9: trans-Golgi network

1: oxoglutarate dehydrogenase complex
15: replication fork protection complex

8: endosome
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4

10
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12/13
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17: melanosome

8: nuclear chromatin

16: lysosomal lumen

7: peroxisomal matrix

14: cytoplasmic part Il 15: extracellular matrix

6: mitochondrial respiratory chain complex Il

| 13: lysosome

5: coated pit

12: alveolar lamellar body

4: basolateral plasma membrane

11: endosome

[|  3: mitochondrial outer membrane
| 10: mitochondrial membrane
||  19: nuclear pore

2: lipid particle

Num of ECM Genes: 1.

ECM 3,

REN
PGC
CTSD

POLE2
stceas [

PPCS
ECI2
CWF19L1

REPS2
REPS1
VAT1
CcoQ2
GMPS
CTSE
NAPSA
PGA3
PGA4
PGAS5
IPO11

SLC22A16
LACE1

LYPLAL1
LYPLA1
CYBS5SR3
CYB5R1
CNNM3
CNNM4
CNNM1
CNNM2
ADCK?2
MTRF1L
KDM5D
UQCRFS1
KDM4C
COX18

Protein

PG

9: integral to mitochondrial inner membrane

18: epsilon DNA polymerase complex

1: hemoglobin complex
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w w w w

7: sarcolemma

6: nuclear speck

4: nuclear chromatin ||  5: nuclear membrane Il

3: smooth endoplasmic reticulum

2. postsynaptic density

1: integral to endoplasmic reticulum membrane
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Metazoa

Fungi

Plants

Protists

Protein

PG

1/2

TIMM17A
TIMM17B

1/21/3

ADCK3
ADCK4
ADCK5

PCCA

PHB
PHB2
ADCK1

PLCL2
SEC14L4
SEC14L6
MOSPD2

DBl
ACACA

QRSL1
BTF3L4

PITHD1

5/6/718

TOP1
PINX1

6/9/10/11/12

GMPR
GMPR2
EWSR1

13

PLCH1

PHF2
RBM10

14
15

PHF10

DPF2

16
17

DPF1
ACACB

18/19

FASN

20/21/221/23

CLVS1
FAMS8A

DHTKD1

PDHX

5: cytoplasmic mRNA processing body [l

12: spindle

4: glutamyl-tRNA(GIn) amidotransferase complex

10: condensed chromosome kinetochore

3: microtubule cytoskeleton

9: chromosome, telomeric region

2: mitochondrial inner membrane presequence translocase complex

1: integral to mitochondrial inner membrane

14: chromatin remodeling complex

|
23: trans-Golgi network

13: nuclear membrane

22: endosome

11: kinetochore

21: early endosome membrane

18: glycogen granule

8: replication fork protection complex

17: endomembrane system

7: perikaryon
16: nBAF complex

6: nuclear chromosome
15: npBAF complex

20: clathrin-coated vesicle |

19: melanosome |
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L _____________ N ___ __ __ [
<
I
[a)
n

N
I
O
I
o

DLAT

1

DLST
ADSSL1

ACO1
C12orf65

ACO2

2

COX10
CYB5R2

ADSS

IDH2
IREB2

3/41/5

DBT
MTRF1

2

OGDH

ACBD7

MECR
RTN4I1P1

RLBP1
CLVS2
IMPDH2
IMPDH1

6/7/8/19

10

11

EDEM3
CYP1A2
SEC14L3

PMPCA

COQ5
UQCRC2

12

VATIL

13

EIF3A

14

RSF1
TOP1IMT

5/15

TIMM22

16

7. early endosome membrane

14: RSF complex

[l 6. clathrin-coated vesicle

5: mitochondrial nucleoid
13: eukaryotic translation initiation factor 3 complex

4: mitochondrial alpha-ketoglutarate dehydrogenase complex
12: mitochondrial respiratory chain complex Il

11: endoplasmic reticulum lumen

3: microtubule cytoskeleton
16: mitochondrial respiratory chain complex Il

10: peroxisomal membrane

2: mitochondrial membrane

I
9: trans-Golgi network

1: oxoglutarate dehydrogenase complex
15: replication fork protection complex

8: endosome
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1: integral to mitochondrial inner membrane
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TPS53

TP73

9: transcription factor TFIID complex

8: replication fork

7: PML body ||

6: nuclear matrix ||

5: nuclear chromatin [l

4: nuclear body [l

[l 3: chromatin assembly complex

2: chromatin

1: integral to mitochondrial inner membrane
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