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Figure S1. The phylogeny of 30 mammals used in CAFE (and in other subsequent 
evolutionary analyses such as PAML) using TimeTree (http://www.timetree.org/). 
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Figure S2. The expanded gene family shared in ascrotal mammals. 
 
  



 
Figure S3. Heatmap of Top100 GO enrichment terms of 589 genes containing UDT 
mammal-specific amino acid substitutions. 
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G2:0045787: SRsitivH rHJuODtiRn Rf cHOO cycOH
G2:0090036: rHJuODtiRn Rf SrRtHin NinDsH C siJnDOinJ
G2:0006476: SrRtHin GHDcHtyODtiRn
G2:0010259: PuOticHOOuODr RrJDnisP DJinJ
G2:0031253: cHOO SrRjHctiRn PHPbrDnH
G2:0070831: bDsHPHnt PHPbrDnH DssHPbOy
G2:0050866: nHJDtivH rHJuODtiRn Rf cHOO DctivDtiRn
G2:0016788: KyGrRODsH Dctivity, DctinJ Rn HstHr bRnGs
G2:0030424: DxRn
G2:0005085: JuDnyO-nucOHRtiGH HxcKDnJH fDctRr Dctivity
G2:0008081: SKRsSKRric GiHstHr KyGrRODsH Dctivity
G2:0055001: PuscOH cHOO GHvHORSPHnt
G2:0035088: HstDbOisKPHnt Rr PDintHnDncH Rf DSicDO/bDsDO cHOO SRODrity
G2:0090734: sitH Rf D1A GDPDJH
G2:0060397: -AK-67A7 cDscDGH invROvHG in JrRwtK KRrPRnH siJnDOinJ SDtKwDy
G2:0031032: DctRPyRsin structurH RrJDnizDtiRn
G2:0045824: nHJDtivH rHJuODtiRn Rf innDtH iPPunH rHsSRnsH
G2:0005657: rHSOicDtiRn fRrN
G2:0005975: cDrbRKyGrDtH PHtDbROic SrRcHss
G2:0019900: NinDsH binGinJ
G2:0072310: JORPHruODr HSitKHOiDO cHOO GHvHORSPHnt
G2:0015631: tubuOin binGinJ
G2:0035107: DSSHnGDJH PRrSKRJHnHsis
G2:0007219: 1RtcK siJnDOinJ SDtKwDy
G2:0008022: SrRtHin C-tHrPinus binGinJ
G2:0002064: HSitKHOiDO cHOO GHvHORSPHnt
G2:0005543: SKRsSKROiSiG binGinJ
G2:0035264: PuOticHOOuODr RrJDnisP JrRwtK
G2:0031589: cHOO-substrDtH DGKHsiRn
G2:0008134: trDnscriStiRn fDctRr binGinJ
G2:0051053: nHJDtivH rHJuODtiRn Rf D1A PHtDbROic SrRcHss
G2:0031532: Dctin cytRsNHOHtRn rHRrJDnizDtiRn
G2:0035197: si51A binGinJ
G2:0061029: HyHOiG GHvHORSPHnt in cDPHrD-tySH HyH
G2:0010172: HPbryRnic bRGy PRrSKRJHnHsis
G2:1905244: rHJuODtiRn Rf PRGificDtiRn Rf synDStic structurH
G2:0007610: bHKDviRr
G2:0007018: PicrRtubuOH-bDsHG PRvHPHnt
G2:0007169: trDnsPHPbrDnH rHcHStRr SrRtHin tyrRsinH NinDsH siJnDOinJ SDtKwDy
G2:0018108: SHStiGyO-tyrRsinH SKRsSKRryODtiRn
G2:0090205: SRsitivH rHJuODtiRn Rf cKROHstHrRO PHtDbROic SrRcHss
G2:0001539: ciOiuP Rr fODJHOOuP-GHSHnGHnt cHOO PRtiOity
G2:0015106: bicDrbRnDtH trDnsPHPbrDnH trDnsSRrtHr Dctivity
G2:0048747: PuscOH fibHr GHvHORSPHnt
G2:1903046: PHiRtic cHOO cycOH SrRcHss
G2:0010637: nHJDtivH rHJuODtiRn Rf PitRcKRnGriDO fusiRn
G2:0051261: SrRtHin GHSROyPHrizDtiRn
G2:0003712: trDnscriStiRn cRrHJuODtRr Dctivity
G2:0042393: KistRnH binGinJ
G2:0120032: rHJuODtiRn Rf SODsPD PHPbrDnH bRunGHG cHOO SrRjHctiRn DssHPbOy
G2:0043021: ribRnucOHRSrRtHin cRPSOHx binGinJ
G2:0015629: Dctin cytRsNHOHtRn
G2:0004527: HxRnucOHDsH Dctivity
G2:0000796: cRnGHnsin cRPSOHx
G2:0048598: HPbryRnic PRrSKRJHnHsis
G2:0007224: sPRRtKHnHG siJnDOinJ SDtKwDy
G2:0051301: cHOO GivisiRn
G2:0051646: PitRcKRnGriRn ORcDOizDtiRn
G2:1903053: rHJuODtiRn Rf HxtrDcHOOuODr PDtrix RrJDnizDtiRn
G2:0017124: 6H3 GRPDin binGinJ
G2:0032787: PRnRcDrbRxyOic DciG PHtDbROic SrRcHss
G2:1903706: rHJuODtiRn Rf KHPRSRiHsis
G2:0048871: PuOticHOOuODr RrJDnisPDO KRPHRstDsis
G2:0001501: sNHOHtDO systHP GHvHORSPHnt
G2:0016570: KistRnH PRGificDtiRn
G2:0005938: cHOO cRrtHx
G2:0045177: DSicDO SDrt Rf cHOO
G2:0005178: intHJrin binGinJ
G2:0043202: OysRsRPDO OuPHn
G2:0031252: cHOO OHDGinJ HGJH
G2:0010821: rHJuODtiRn Rf PitRcKRnGriRn RrJDnizDtiRn
G2:1902570: SrRtHin ORcDOizDtiRn tR nucOHROus
G2:0044452: nucOHRODr SDrt
G2:0030198: HxtrDcHOOuODr PDtrix RrJDnizDtiRn
G2:0007589: bRGy fOuiG sHcrHtiRn
G2:1990166: SrRtHin ORcDOizDtiRn tR sitH Rf GRubOH-strDnG brHDN
G2:0051099: SRsitivH rHJuODtiRn Rf binGinJ
G2:0051272: SRsitivH rHJuODtiRn Rf cHOOuODr cRPSRnHnt PRvHPHnt
G2:0005819: sSinGOH
G2:0003682: cKrRPDtin binGinJ
G2:0009303: r51A trDnscriStiRn
G2:0016072: r51A PHtDbROic SrRcHss
G2:0000226: PicrRtubuOH cytRsNHOHtRn RrJDnizDtiRn
G2:0046777: SrRtHin DutRSKRsSKRryODtiRn
G2:0044770: cHOO cycOH SKDsH trDnsitiRn
G2:0002312: B cHOO DctivDtiRn invROvHG in iPPunH rHsSRnsH
G2:0090630: DctivDtiRn Rf G73DsH Dctivity
G2:0050878: rHJuODtiRn Rf bRGy fOuiG OHvHOs
G2:0048285: RrJDnHOOH fissiRn
G2:0051056: rHJuODtiRn Rf sPDOO G73DsH PHGiDtHG siJnDO trDnsGuctiRn
G2:0033674: SRsitivH rHJuODtiRn Rf NinDsH Dctivity
G2:0016887: A73DsH Dctivity
G2:0060090: PROHcuODr DGDStRr Dctivity
G2:0009792: HPbryR GHvHORSPHnt HnGinJ in birtK Rr HJJ KDtcKinJ
G2:0007163: HstDbOisKPHnt Rr PDintHnDncH Rf cHOO SRODrity
G2:0030031: cHOO SrRjHctiRn DssHPbOy
G2:0044089: SRsitivH rHJuODtiRn Rf cHOOuODr cRPSRnHnt biRJHnHsis
G2:0010638: SRsitivH rHJuODtiRn Rf RrJDnHOOH RrJDnizDtiRn
G2:0006281: D1A rHSDir
G2:0031344: rHJuODtiRn Rf cHOO SrRjHctiRn RrJDnizDtiRn



 
Figure S4. Heatmap of KEGG pathway enrichment terms of 589 genes containing 
UDT mammal-specific amino acid substitutions. 
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Figure S5. Functional prediction of LAMB1 H979N. 
 
  

LAMB1 H979N

Histidine Asparagine

• The mutant residue is smaller, this might lead to loss of interactions.
• The mutation introduces an amino acid with different properties, which can disturb this 

domain and abolish its function.
• The wild-type residue is annotated in UniProt to be involved in a cysteine bridge, which is 

important for stability of the protein. Only cysteines can make these type of bonds, the 
mutation causes loss of this interaction and will have a severe effect on the 3D-structure of 
the protein. 

• Together with loss of the cysteine bond, the differences between the old and new residue 
can cause destabilization of the structure.



 
Figure S6. Interaction between GLP2R and INSL3 from String 
(https://version11.string-db.org/). 
 
  



 
Figure S7. Functional prediction of GLP2R M256V. 
 
  

GLP2R M256V

Methionine Valine

• The mutant residue is smaller, this might lead to loss of interactions.
• The mutated residue is located in a domain that is important for the main 

activity of the protein. Mutation of the residue might disturb this function.



 
Figure S8. Functional prediction of SPATA5 H811R. 
 
  

SPATA5 H811R

Histidine Arginine

• The mutant residue is bigger than the wild-type residue.
The wild-type residue charge was NEUTRAL, the mutant residue charge is POSITIVE.

• This mutation was observed more often at this position in other homologous sequences. 
This means that more proteins exist with that mutant residue than with the wild-type 
residue. It is probably unlikely that your mutation of interest will be damaging for the 
protein.



 
Figure S9. Functional prediction of TESK1 N332S/I. 
 
  

TESK1 N332I/S

Asparagine

Serine

Isoleucine

• The mutant residue is smaller than the wild-type 
residue.

• The mutant residue is more hydrophobic than the 
wild-type residue.

• Your mutant residue was not among the residue types 
observed at this position in other, homologous 
sequences which might indicate that the mutation is 
possibly damaging to the protein.

• The mutation introduces a more hydrophobic residue 
at this position. This can result in loss of hydrogen 
bonds and/or disturb correct folding.

• The mutant residue is smaller than the wild-type 
residue.
The mutant residue is more hydrophobic than the 
wild-type residue.

• The mutated residue is located in a domain that is 
important for the main activity of the protein. 
Mutation of the residue might disturb this function. 

• The mutation introduces a more hydrophobic residue 
at this position. This can result in loss of hydrogen 
bonds and/or disturb correct folding.



 
Figure S10. Functional prediction of MLXIPL Q716R. 
 
  

MLXIPL Q716R

Glutamine Arginine

• The mutant residue is bigger than the wild-type residue, this might lead to bumps.
The wild-type residue charge was NEUTRAL, the mutant residue charge is POSITIVE.

• The mutation is located within a stretch of residues annotated in UniProt as a special 
region: Leucine-zipper. The differences in amino acid properties can disturb this 
region and disturb its function.

• The mutation is located near a highly conserved position.



 
Figure S11. Functional prediction of ABL1 P997Q. 
 

ABL1 P997Q

• The mutant residue is bigger and less hydrophobic than the wild-type residue.
• The mutation is located within a stretch of residues annotated in UniProt as a special 

region: F-actin-binding. The differences in amino acid properties can disturb this 
region and disturb its function.

• The wild-type residue is a proline. Prolines are known to be very rigid and therefore 
induce a special backbone conformation which might be required at this position. 
The mutation can disturb this special conformation.
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