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ABSTRACT We illustrate, through two case studies, that “mean-variance QTL mapping”—QTL mapping that
models effects on the mean and the variance simultaneously—can discover QTL that traditional interval
mapping cannot. Mean-variance QTL mapping is based on the double generalized linear model, which extends
the standard linear model used in interval mapping by incorporating not only a set of genetic and covariate
effects for mean but also set of such effects for the residual variance. Its potential for use in QTL mapping has
been described previously, but it remains underutilized, with certain key advantages undemonstrated until now.
In the first case study, a reduced complexity intercross of C57BL/6J and C57BL/6N mice examining circadian
behavior, our reanalysis detected a mean-controlling QTL for circadian wheel running activity that interval
mapping did not; mean-variance QTL mapping was more powerful than interval mapping at the QTL because
it accounted for the fact that mice homozygous for the C57BL/6N allele had less residual variance than other
mice. In the second case study, an intercross between C57BL/6J and C58/J mice examining anxiety-like
behaviors, our reanalysis detected a variance-controlling QTL for rearing behavior; interval mapping did not
identify this QTL because it does not target variance QTL. We believe that the results of these reanalyses,
which in other respects largely replicated the original findings, support the use of mean-variance QTL mapping
as standard practice.
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Figure S1 Replicated scans from Kumar et al. (2013)

n Table 1 The characteristics of the mice plotted in Figure 3

genotype at
rs30314218

sex activity in the
DD (rev/min)

6J female 12.79

6J female 38.20

6J male 8.07

6J male 27.99

Het female 14.03

Het female 40.13

Het male 1.87

Het male 30.68

6N female 22.22

6N female 33.85

6N male 16.75

6N male 28.71
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Figure S2 Actograms, similar to Figure 3, including female mice. The mice depicted here are highlighted with larger circles in Figure 2a.
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1       10        20        30        40        50        60

sp|Q9UHC7|MKRN1_HUMAN                                         A           G WT  VT                                                     G  K   MAEAATPGTTATTSGAGAAAATAAAASPTPIPTVTAPSLG GGGGGGSDGSG     Q  
sp|Q9QXP6|MKRN1_MOUSE                                         A           G WT  VT                                                     G  K   MAEAAAPGTTATTSGAGAAAAAVAAASLTSIPTVAAPSPG GGGGGGSDGSG     Q  
sp|Q9TT91|MKRN1_MACEU                                         A           G WT  VT                                                     G  K   MAEAAAPGTTATTS.GAAAAAAVAAASPTLTPTVASQSPA GGGGGGS...G     Q  
sp|Q5NU14|MKRN1_TAKRU                                         A           G WT  VT                                                     G  K   .....................................MAE AVASTVTLPVT     H  
sp|Q4SRI6|MKRN1_TETNG                                         A           G WT  VT                                                     G  K   .....................................MAE AVASTVTLPVS     H  
sp|Q8JFF3|MKRN1_SERQU                                         A           G WT  VT                                                     G  K   .....................................MAE AAASTAASGVI     H  
sp|Q4VBT5|MKRN1_DANRE                                         A           G WT  VT                                                     G  K   .....................................MAE AAASTAAPAVI     H  
sp|Q6GLT5|MKRN1_XENLA                                         A           G WT  VT.....................MAEAAAAPALLTSAASAGK PLPAFPENPPV V  RH  

        70        80         90       100       110         

sp|Q9UHC7|MKRN1_HUMAN CRYF HG CK G NCRYSHDL         C   Q G C  G RCR  H KP            M     E            S       K F        D    E     K EE          V    D        SD P.YSVV  Y  R Y IY     Y  S  L Q  ATA
sp|Q9QXP6|MKRN1_MOUSE CRYF HG CK G NCRYSHDL         C   Q G C  G RCR  H KP            M     E            S       K F        D    E     K EE          V    D        SD P.YGVV  Y  R Y VY     Y  S  L Q  VTA
sp|Q9TT91|MKRN1_MACEU CRYF HG CK G NCRYSHDL         C   Q G C  G RCR  H KP            M                  S    M             D    E     K EE          V  K N        ST Q.SA V RYY R C AY     Y  T  L R  VTA
sp|Q5NU14|MKRN1_TAKRU CRYF HG CK G NCRYSHDL         C   Q G C  G RCR  H KP            M     E            S    M  K F             E     K EE          L    D        TS KPAA M  F  K N VF E   F  C  T S  VSN
sp|Q4SRI6|MKRN1_TETNG CRYF HG CK G NCRYSHDL         C   Q G C  G RCR  H KP            M     E            S    M  K F                   K EE          L    D        TN KPAA I  F  K N VF E   FD C  T N  FSS
sp|Q8JFF3|MKRN1_SERQU CRYF HG CK G NCRYSHDL         C   Q G C  G RCR  H KP            M     E            S    M  K F        D    E     K EE          L    D        TN KPAA I  F  K N VF     F  C  A N  LPA
sp|Q4VBT5|MKRN1_DANRE CRYF HG CK G NCRYSHDL         C   Q G C  G RCR  H KP            M     E                 M  K F        D    E     K  E          L    E        SSCK.QT I  F  K C AF     Y  T  S QD VPS
sp|Q6GLT5|MKRN1_XENLA CRYF HG CK G NCRYSHDL         C   Q G C  G RCR  H KP                  E            S    M    F        D    E                I  V    I        AT R.SA I RY  R C AY     Y  N  LQEDPTGD

120       130       140       150       160       170         

sp|Q9UHC7|MKRN1_HUMAN                                              DW NA EFVPGQ Y                 S                              V         P CTELTTKSSLAASSSLS IVGPLVEMNTGEAESRNSNFATVGAGSE     I         
sp|Q9QXP6|MKRN1_MOUSE                                              DW NA EFVPGQ Y                 S                              V         P CTDLSAKPSLAASSSLS GVGSLAEMNSGEAESRNPSFPTVGAGSE     I         
sp|Q9TT91|MKRN1_MACEU                                              DW NA EFVPGQ Y                                                V         P CANLAAKSDLPASSSLPALVEPLAEVSTGEAESVNSNFAAAGAGGE     I         
sp|Q5NU14|MKRN1_TAKRU                                              DW NA EFVPGQ Y                 S                                        P CPQ.......MLLL..S TPPPIDPECSESGPRL.........KTQ  A  A         
sp|Q4SRI6|MKRN1_TETNG                                              DW NA EFVPGQ Y                 S                                        P CPQ.......MLPP..S PSPSTDPESSQPAPRP.........KTQ  A  A         
sp|Q8JFF3|MKRN1_SERQU                                              DW NA EFVPGQ Y                 S                              V         P CPQ.......MLPLPSA LAGPSDPEPSGPTPVP.........GAQ     A         
sp|Q4VBT5|MKRN1_DANRE                                              DW NA EFVPGQ Y                                                V         P CSKP......SMPLTAAPLAGTPEPVSDGPGGTTGAQEKPQGSGAV     A         
sp|Q6GLT5|MKRN1_XENLA                                              DW NA EFVPGQ Y                 S                              V            TCT.........APSE LPEPSGNINSKAAELAASELASGGPRAQ     V      L S

180       190       200       210       220       230         

sp|Q9UHC7|MKRN1_HUMAN GR                             KQLCPYAA GECRYG NC YLHGD C MC        E                   E          V                 D    TAPSCT APLQGSVTKEESEKEQTAV TK               E  V     S    
sp|Q9QXP6|MKRN1_MOUSE GR                             KQLCPYAA GECRYG NC YLHGD C MC        E                   E          V                 D    TAPSCT VPPQGSVTKEESEKEPTTV TK               E  V     S    
sp|Q9TT91|MKRN1_MACEU GR                             KQLCPYAA GECRYG NC YLHGD C MC  A     E                   E          V                 D     APSCT APLQGMVIEEELEKQQTNV MK               E  V     A    
sp|Q5NU14|MKRN1_TAKRU GR                             KQLCPYAA GECRYG NC YLHGD C MC  A     E                   E          V                 D     ESVDV ISIP.LIEELNGDATTDKE LR               V  A     V    
sp|Q4SRI6|MKRN1_TETNG GR                             KQLCPYAA GECRYG NC YLHGD C MC  A     E                              V                 D     ESVKV ISIP.LIEELDCDAAVDKEALR               I  A     V    
sp|Q8JFF3|MKRN1_SERQU GR                             KQLCPYAA GECRYG NC YLHGD C MC  A     E                              V                       EQAKV SSVP.LIEEFDSYPAPDNKQLR               I  A     V Y  
sp|Q4VBT5|MKRN1_DANRE GR                             KQLCPYAA GECRYG NC YLHGD C MC  A     E                   E          V                 D     DPVLC GPGP.LIEEEYEKEQAN.K MK               L  A     V    
sp|Q6GLT5|MKRN1_XENLA GR                             KQLCPYAA GECRYG NC YLHGD C MC  A                         E                            D     PEAYTQGTVK....PDEGREEPADP LK        M      E  V     P    

240       250       260       270       280       290         

sp|Q9UHC7|MKRN1_HUMAN GLQVLHP D  QRS H   CIEAHEKDME SFA QR KD  CG CMEVV EK NPSERRF              Q  K                  S  M            A              M AA     I S          L   V      V  I     Y          
sp|Q9QXP6|MKRN1_MOUSE GLQVLHP D  QRS H   CIEAHEKDME SFA QR KD  CG CMEVV EK NPSERRF              Q  K                     M            A              V AA     I S          L   V  T   V  I     Y          
sp|Q9TT91|MKRN1_MACEU GLQVLHP D  QRS H   CIEAHEKDME SFA QR KD  CG CMEVV EK NPSERRF              Q  K                  S  M            A              V AA     I S          L   V      V  I     Y          
sp|Q5NU14|MKRN1_TAKRU GLQVLHP D  QRS H   CIEAHEKDME SFA QR KD  CG CMEVV EK NPSERRF                 K                  S  M            A              T SS   E T A          I   I      M  V     F          
sp|Q4SRI6|MKRN1_TETNG GLQVLHP D  QRS H   CIEAHEKDME SFA QR KD  CG CMEVV EK NPSERRF              Q  K                  S  M            A              T NS     T A          I   I      M  V     F          
sp|Q8JFF3|MKRN1_SERQU GLQVLHP D  QRS H   CIEAHEKDME SFA QR KD  CG CMEVV EK NPSERRF                 K                  S  M            A              T NN   E T A          I   I      M  V     F          
sp|Q4VBT5|MKRN1_DANRE GLQVLHP D  QRS H   CIEAHEKDME SFA QR KD  CG CMEVV EK NPSERRF              Q                     S  M                           S TS     IRA          I   I      M  V     F  T       
sp|Q6GLT5|MKRN1_XENLA GLQVLHP D  QRS H   CIEAHEKDME SFA QR KD  CG CMEVV EK NPSERRF              Q  K                  S                              V TC     I S          L   V     IV  I     Y  T       

300       310       320       330       340       350         

sp|Q9UHC7|MKRN1_HUMAN GILSNC H YCLKCIRKWRSAKQFESKIIKSCPECRITSNF IPSEYWVE K  K  LI                                          V          E  QK         N T                                         E  E     L
sp|Q9QXP6|MKRN1_MOUSE GILSNC H YCLKCIRKWRSAKQFESKIIKSCPECRITSNF IPSEYWVE K  K  LI                                          V          E  QK  Q      N T                                         E  E      
sp|Q9TT91|MKRN1_MACEU GILSNC H YCLKCIRKWRSAKQFESKIIKSCPECRITSNF IPSEYWVE K  K  LI                                          V          E  QK  Q      N T                                         E  E      
sp|Q5NU14|MKRN1_TAKRU GILSNC H YCLKCIRKWRSAKQFESKIIKSCPECRITSNF IPSEYWVE K  K  LI                                          V          E  QK  Q      S C                                         D  D      
sp|Q4SRI6|MKRN1_TETNG GILSNC H YCLKCIRKWRSAKQFESKIIKSCPECRITSNF IPSEYWVE K  K  LI                                          V          E  QK  Q      N C                                         D  D      
sp|Q8JFF3|MKRN1_SERQU GILSNC H YCLKCIRKWRSAKQFESKIIKSCPECRITSNF IPSEYWVE K  K  LI                                          V             QK  Q      S C                                         D DD      
sp|Q4VBT5|MKRN1_DANRE GILSNC H YCLKCIRKWRSAKQFESKIIKSCPECRITSNF IPSEYWVE K  K  LI                                          V          E  Q   Q      C C                                         D  E  Q   
sp|Q6GLT5|MKRN1_XENLA GILSNC H YCLKCIRKWRSAKQFESKIIKSCPECRITSNF IPSEYWVE K  K  LI                                                     E   K         S S                                I        E  E H   H

Figure S3 Page one of Mkrn1 alignment. Note that the amino acid at position 346 is conserved across all species. See next page for
species labels. The relevant mutation is Y346N – N in B6J and Y in B6NJ.
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360       370       380       390         400       410       

sp|Q9UHC7|MKRN1_HUMAN KYK  M  K CRYFDEGRG CPFG NCFY HA PDGR EE  P                                              K             QR   G S R R  RR    EA SN A         S    G       Y    R  ..   QKV T S Y AQ  N
sp|Q9QXP6|MKRN1_MOUSE KYK  M  K CRYFDEGRG CPFG NCFY HA PDGR EE  P                                              K             QR   G S R R  RR    EA SN A         S    G       Y    R  ..   QKV T S Y AQ  S
sp|Q9TT91|MKRN1_MACEU KYK  M  K CRYFDEGRG CPFG NCFY HA PDGR EE  P                                              K             QR   G S R R  RR    EA SN P         S    G       Y    R  ..   QKV T N Y AQ  N
sp|Q5NU14|MKRN1_TAKRU KYK  M  K CRYFDEGRG CPFG NCFY HA PDGR EE  P                                              K             QR   G S R R  RR    DG GR P         I    A       F    L  AQ   RQT S S N NS  T
sp|Q4SRI6|MKRN1_TETNG KYK  M  K CRYFDEGRG CPFG NCFY HA PDGR EE  P                                              K             QR   G S R R        DG GR P         I    A       F    L  AQ   RQT S S N .....
sp|Q8JFF3|MKRN1_SERQU KYK  M  K CRYFDEGRG CPFG NCFY HA PDGR EE  P                                              K             QR   G   R R  RR    DG GS P         T    S       F    L  AQ   RQT SNS N NS  T
sp|Q4VBT5|MKRN1_DANRE KYK  M  K CRYFDEGRG CPFG NCFY HA PDGR EE  P                                              K             QR   G   R R  RR    DG GT P         T    A       F    L  PQ   RQN SNG N NT  T
sp|Q6GLT5|MKRN1_XENLA KYK  M  K CRYFDEGRG CPFG NCFY HA PDGR EE  P                                                                   S            EA SS S         T    G    R  Y    I  PQ RQKSGMS .........

420       430       440       450       460       470       

sp|Q9UHC7|MKRN1_HUMAN                                     AG                        W    ERE     DN   E V FEL EMLLMLLA   D      E           D HF ELIE   NSNPF  DEE V T   G          G DELTDS DEWDLFHDELE F
sp|Q9QXP6|MKRN1_MOUSE                                     AG                        W    ERE     DN   E V FEL EMLLMLLA   D      E           D HF ELIE   N.NPF  DEE V T   G          G DELTDS DEWDLFHDELE F
sp|Q9TT91|MKRN1_MACEU                                     AG                        W    ERE     DN   E V FEL EMLLMLLA   D      E           D RF ELIE   SSNPF  DED V T   G          G DDLTDP DEWDLFHDELE Y
sp|Q5NU14|MKRN1_TAKRU                                     AG                        W    ERE     DN   E V FEL EMLLMLLA   D      E           D QL DIID   STGSL  DDE M T   S          N EEVTDS DEWDLFHEELD F
sp|Q4SRI6|MKRN1_TETNG                                     AG                                                L EMLLMLLA                        .......................... S          D.....................
sp|Q8JFF3|MKRN1_SERQU                                     AG                        W    ERE     DN   E V FEL EMLLMLLA   D                  D PL DIYD   STDSF  EDE M T   S          T DEEVIIRPPSCATSSGRL P
sp|Q4VBT5|MKRN1_DANRE                                     AG                        W    ERE     DN   E V FEL EMLLMLLA   D      E           D HL DLLD   NSDSF  EDE M R   S          T DDVTDS DEWDLFHEELD Y
sp|Q6GLT5|MKRN1_XENLA                                     AG                                                             D      E             ............................RYRIPSPS  I FGSLTS RAETRLRTRKTKL

480                                                         

sp|Q9UHC7|MKRN1_HUMAN YDLDL....                                                   
sp|Q9QXP6|MKRN1_MOUSE YDLDL....                                                   
sp|Q9TT91|MKRN1_MACEU YDLDL....                                                   
sp|Q5NU14|MKRN1_TAKRU YEIYL....                                                   
sp|Q4SRI6|MKRN1_TETNG .........                                                   
sp|Q8JFF3|MKRN1_SERQU TVTRYRKAC                                                   
sp|Q4VBT5|MKRN1_DANRE YELYL....                                                   
sp|Q6GLT5|MKRN1_XENLA .........                                                   

 

Figure S4 Page two of Mkrn1 alignment.
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Supplement to Bailey Reanalysis
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Figure S5 Replication of genome scans from original Bailey analysis. LOD curves are visually identical to originally-published LOD
curves, but thresholds, estimated based on the described methods, are meaningfully higher.
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Figure S6 DGLM-based reanalysis of all traits measured in Bailey et al., all transformed by the rank-based inverse normal transform.
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Figure S7 DGLM-based reanalysis of all traits measured in Bailey et al., all transformed by the Box-Cox transform. Box-Cox exponents
were 1, 1, 0, 0.75, 0, 0.25, respectively.
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(a) “Rearing” trait analyzed with no transformation.
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(b) “Rearing” trait analyzed with square root transformation.
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(c) “Rearing” trait analyzed with log transformation.
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(d) “Rearing” trait analyzed with Poisson generalized linear model.

Figure S8 vQTL for TOTREAR phenotype on chromosome 2 is consistent across various transforms.
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