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Table S2. Significantly overrepresented pathways in the epaulette shark cerebellum and rectal 
gland proteomics datasets, identified with Ingenuity Pathways Analysis software. The p values 
were corrected for multiple testing using the method of Benjamini and Hochberg (3). 
Abbreviations as in Tables 4 and 5.  
 
Treatment Ingenuity Canonical Pathway pBH Molecules

                                                      Cerebellum  
A1+24  Mitochondrial Dysfunction 0.044  ATP5A1 

  Oxidative Phosphorylation 0.044  ATP5A1 
H1+24  Melatonin Signaling 0.010  PRKAR2B, GNAO1, CALM1 

  Synaptic Long Term Potentiation 0.010  PRKAR2B, PPP1CA, CALM1 
  14-3-3-mediated Signaling 0.010  YWHAQ, TUBA4A, GFAP 
  Corticotropin Releasing Hormone Signaling 0.010  PRKAR2B, GNAO1, CALM1 
  Androgen Signaling 0.010  PRKAR2B, GNAO1, CALM1 
  cAMP-mediated Signaling 0.017  PRKAR2B, GNAO1, CALM1 
  CREB Signaling in Neurons 0.018  PRKAR2B, GNAO1, CALM1 
  ERK/MAPK Signaling 0.019  YWHAQ, PRKAR2B, PPP1CA
  Cardiac Hypertrophy Signaling 0.030  PRKAR2B, GNAO1, CALM1 
  Valine, Leucine and Isoleucine Degradation 0.030  OXCT1, MCCC2 
  Nitric Oxide Signaling in the Cardiovascular System 0.030  PRKAR2B, CALM1 
  Dopamine Receptor Signaling 0.030  PRKAR2B, PPP1CA 
  Chemokine Signaling 0.030  PPP1CA, CALM1 
  CDK5 Signaling 0.037  PRKAR2B, PPP1CA 
  IGF-1 Signaling 0.037  YWHAQ, PRKAR2B 
  �-Adrenergic Signaling 0.037  PRKAR2B, CALM1 

H1+H2+24  Valine, Leucine and Isoleucine Degradation 0.007  PCCA, ALDH7A1, MCCC2 
  Huntington's Disease Signaling 0.047  NSF, GLS, DNM3 
  Glutamate Receptor Signaling 0.047  GLS, CALM1 
  Propanoate Metabolism 0.047  PCCA, ALDH7A1 
  Melatonin Signaling 0.049  CALM1, PRKAR1A 
  Nitric Oxide Signaling in the Cardiovascular System 0.049  CALM1, PRKAR1A 
                                                      Rectal gland  

A1+24  Glycolysis/Gluconeogenesis 0.000  PGAM1, GAPDH, PDHB 
  Alanine and Aspartate Metabolism 0.002  GOT2, PDHB 
  Valine, Leucine and Isoleucine Biosynthesis 0.033  PDHB 
  Phenylalanine, Tyrosine and Tryptophan Biosynthesis 0.044  GOT2 
  Pentose Phosphate Pathway 0.048  PDHB 
  Glutamate Metabolism 0.048  GOT2 
  Phenylalanine Metabolism 0.048  GOT2 
  Cysteine Metabolism 0.049  GOT2 
  Butanoate Metabolism 0.049  PDHB 
  Tyrosine Metabolism 0.049  GOT2 
  Ubiquinone Biosynthesis 0.049  NDUFS3 
  Pyruvate Metabolism 0.049  PDHB 
  IRF Activ. by Cytosolic Pattern Recognition Receptors 0.049  PPIB 
  Arginine and Proline Metabolism 0.050  GOT2 

H1+24  Butanoate Metabolism 0.000  ALDH4A1, SDHB, OXCT1, 
ACADS 

  Valine, Leucine and Isoleucine Degradation 0.006  ALDH4A1, OXCT1, ACADS 
  Mitochondrial Dysfunction 0.027  SDHB, NDUFS1, PARK7 



  Calcium Signaling 0.036  TPM1, TPM4, PRKAR1A 
  NRF2-mediated Oxidative Stress Response 0.036  PPIB, DNAJB11, FTH1 
  �-alanine Metabolism 0.036  ALDH4A1, ACADS 
  Huntington's Disease Signaling 0.036  HSPA8, SDHB, HSPA9 
  Propanoate Metabolism 0.036  ALDH4A1, ACADS 
  Arginine and Proline Metabolism 0.045  CKB, ALDH4A1 

H1+H2+24  Butanoate Metabolism 0.000  OXCT1, DBT, PDHB, 
ALDH7A1 

  Valine, Leucine and Isoleucine Degradation 0.000  OXCT1, DBT, ALDH7A1 
  Histidine Metabolism 0.001  DBT, ALDH7A1 
  Pyruvate Metabolism 0.002  PDHB, ALDH7A1 
  Glycolysis/Gluconeogenesis 0.002  PDHB, ALDH7A1 
  Lysine Degradation 0.005  DBT, ALDH7A1 
  Valine, Leucine and Isoleucine Biosynthesis 0.014  PDHB 
  Synthesis and Degradation of Ketone Bodies 0.017  OXCT1 
  Ascorbate and Aldarate Metabolism 0.028  ALDH7A1 
  Glycosphingolipid Biosynthesis - Ganglioseries 0.029  DBT 
  Pentose Phosphate Pathway 0.030  PDHB 
  Phenylalanine Metabolism 0.032  DBT 
  Alanine and Aspartate Metabolism 0.032  PDHB 
  Bile Acid Biosynthesis 0.036  ALDH7A1 
  �-alanine Metabolism 0.039  ALDH7A1 
  Propanoate Metabolism 0.039  ALDH7A1 
  Tyrosine Metabolism 0.039  DBT 
  Glycine, Serine and Threonine Metabolism 0.039  DBT 
  Arginine and Proline Metabolism 0.041  ALDH7A1 
  Aldosterone Signaling in Epithelial Cells 0.044  HSPA8 
  Glycerolipid Metabolism 0.046  ALDH7A1 
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Table S4. Expression ratios for epaulette shark cerebellum proteins that were regulated by 
episodic anoxia (A1+24) or hypoxia (H1+24; H1+H2+24) but that were not identified using 
mass spectrometry. Values in bold font met the statistical (p<0.05) and expression ratio (<0.67 or 
>1.5) criteria for mass spectrometry analysis in that treatment. Variable importance in the 
projection ranks (VIP) based on a partial least squares discriminant analysis are also presented. 
 
Spot VIP A1+24 p H1+24 p H1+H2+24 p

2-1 VIP02 0.55 0.006 0.46 0.001 0.69 0.037
2-3  0.92 0.798 0.79 0.484 0.35 0.031
2-8 VIP37 0.41 0.029 0.54 0.088 0.70 0.260 
2-10  0.97 0.744 0.47 0.004 0.65 0.053 
2-11  0.56 0.111 0.68 0.387 0.41 0.026
2-12  1.29 0.269 1.81 0.015 2.21 0.006
2-13  0.92 0.812 0.51 0.236 0.30 0.041
1.5-16  0.87 0.352 1.28 0.153 1.67 0.019
1.5-17  0.51 0.033 0.85 0.478 0.85 0.580 
1.5-19  1.10 0.718 1.75 0.012 1.77 0.066 
1.5-21  1.04 0.893 1.25 0.461 0.53 0.047
1.5-22 VIP30 1.98 0.029 1.46 0.256 1.16 0.469 
1.5-24  1.68 0.148 1.74 0.022 1.48 0.086 
1.5-46  1.17 0.588 0.58 0.045 0.75 0.331 
1.5-49  0.83 0.107 0.67 0.031 0.68 0.019
1.5-53  0.91 0.570 0.64 0.040 0.90 0.567 
1.5-57 VIP13 1.50 0.025 1.48 0.049 1.16 0.406 
1.5-59  1.09 0.696 0.57 0.015 1.70 0.461 
1.5-60  0.79 0.261 0.61 0.044 0.61 0.051 
1.5-61 VIP14 0.56 0.021 0.62 0.011 0.75 0.061 
1.5-63  0.93 0.677 0.70 0.013 0.55 0.004
1.5-65  1.01 0.957 0.88 0.570 0.50 0.007
1.5-67  0.67 0.269 0.52 0.026 0.57 0.012
1.5-68  1.26 0.492 1.46 0.051 1.65 0.020
1.5-69  0.88 0.322 1.33 0.028 1.72 0.023

 VIP05 1.16 0.398 1.29 0.022 0.70 0.113 
 VIP07 0.79 0.073 0.69 0.032 1.02 0.766 
 VIP10 0.83 0.048 0.84 0.062 0.78 0.006
 VIP11 0.71 0.001 0.82 0.163 0.82 0.023
 VIP12 0.84 0.219 1.25 0.188 0.81 0.130 
 VIP17 0.81 0.094 0.83 0.329 1.20 0.081 
 VIP18 0.84 0.048 0.64 0.000 0.81 0.061 
 VIP20 0.85 0.023 0.75 0.006 0.82 0.031
 VIP22 0.83 0.046 0.77 0.028 0.93 0.481 
 VIP24 1.15 0.035 0.95 0.616 1.18 0.182 
 VIP25 0.88 0.632 1.37 0.114 0.84 0.461 
 VIP32 1.40 0.030 0.96 0.721 0.90 0.437 



Spot VIP A1+24 p H1+24 p H1+H2+24 p 

 VIP33 0.70 0.058 1.21 0.239 0.89 0.562 
 VIP36 1.04 0.588 0.99 0.823 0.85 0.002
 VIP38 1.05 0.775 1.27 0.099 0.87 0.357 
 VIP39 1.25 0.173 1.52 0.077 0.99 0.928 
 VIP40 0.99 0.865 0.90 0.021 0.80 0.009
 VIP41 1.09 0.723 0.71 0.303 2.90 0.108 
 VIP42 1.07 0.651 1.10 0.384 0.72 0.054 
 VIP44 1.12 0.279 1.27 0.198 0.87 0.295 
 VIP45 1.39 0.060 0.99 0.915 0.91 0.471 
 VIP48 1.60 0.066 0.81 0.202 1.04 0.881 
 VIP49 1.15 0.163 1.37 0.055 1.02 0.867 
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Table S5. Expression ratios for epaulette shark rectal gland proteins that were regulated by 
episodic anoxia (A1+24) or hypoxia (H1+24; H1+H2+24) but that were not identified using 
mass spectrometry. Values in bold font met the statistical (p<0.05) and expression ratio (<0.67 or 
>1.5) criteria for mass spectrometry analysis in that treatment. Variable importance in the 
projection ranks (VIP) based on a partial least squares discriminant analysis are also presented. 
 
  Spot VIP A1+24 p H1+24 p H1+H2+24 p

  2-1  1.56 0.358 2.49 0.014 1.93 0.037

  2-2  0.65 0.015 0.45 0.002 0.90 0.757 

  2-3  0.71 0.056 0.40 0.000 1.03 0.954 

  2-4  1.11 0.722 0.49 0.023 0.79 0.317 

  2-5  1.05 0.875 0.37 0.001 0.69 0.072 

  2-7  2.09 0.101 2.18 0.010 1.96 0.049

  2-8  0.99 0.976 2.33 0.039 1.55 0.326 

  2-9  0.84 0.624 2.07 0.042 1.59 0.079 

  2-10  1.02 0.960 2.44 0.001 1.64 0.125 

  2-13  1.97 0.070 2.21 0.006 1.41 0.417 

  2-18  1.07 0.841 2.02 0.003 1.33 0.222 

  2-19  1.06 0.906 2.23 0.016 1.86 0.141 

  2-20  1.38 0.292 2.12 0.006 1.48 0.170 

  2-22 VIP12 0.74 0.513 2.84 0.001 1.84 0.061 

  2-23  0.98 0.967 3.60 0.001 3.07 0.008

  2-24  1.64 0.163 2.58 0.009 3.14 0.014

  2-25  0.86 0.564 0.49 0.048 0.97 0.959 

  2-27 VIP33 3.21 0.045 2.01 0.080 1.44 0.455 

  1.5-1  1.43 0.500 1.87 0.001 1.37 0.041

  1.5-2  1.23 0.447 1.88 0.023 1.58 0.004

  1.5-3  0.89 0.649 1.64 0.040 1.60 0.105 

  1.5-4  1.06 0.882 1.52 0.023 1.30 0.079 

  1.5-5  1.23 0.402 1.25 0.387 1.88 0.046

  1.5-7  0.81 0.201 0.61 0.027 0.88 0.590 

  1.5-8  0.85 0.335 0.63 0.041 0.93 0.756 

  1.5-15  0.79 0.312 0.57 0.048 0.78 0.305 

  1.5-16  1.00 0.987 0.65 0.048 0.92 0.734 

  1.5-17  0.99 0.945 0.65 0.028 0.97 0.890 

  1.5-20  1.44 0.216 1.56 0.223 1.95 0.041

  1.5-21  0.83 0.379 0.59 0.041 0.80 0.286 

  1.5-22  0.85 0.347 0.56 0.009 0.83 0.258 

  1.5-25 VIP19 0.72 0.134 0.57 0.001 0.51 0.000

  1.5-29  1.00 0.997 1.52 0.005 1.35 0.059 

  1.5-30  0.99 0.945 0.59 0.032 0.92 0.657 

  1.5-32  1.11 0.745 1.17 0.514 1.52 0.037
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  Spot VIP A1+24 p H1+24 p H1+H2+24 p 

  1.5-33  0.87 0.594 0.53 0.006 0.80 0.231 

  1.5-38  0.66 0.038 1.01 0.969 1.33 0.293 

  1.5-39  0.07 0.015 1.74 0.466 0.26 0.012

  1.5-42  0.90 0.708 1.56 0.001 1.32 0.139 

  1.5-44  0.60 0.014 0.75 0.115 0.81 0.258 

  1.5-45  1.05 0.851 1.61 0.015 1.23 0.120 

  1.5-46  1.18 0.388 2.00 0.029 1.61 0.193 

  1.5-50  1.11 0.672 1.90 0.005 1.87 0.096 

  1.5-56 VIP32 1.00 0.983 1.59 0.001 1.57 0.001

  1.5-57  0.99 0.952 0.63 0.049 0.84 0.261 

  1.5-59 VIP31 0.89 0.543 1.56 0.011 1.03 0.852 

  1.5-61  1.10 0.700 1.51 0.220 1.74 0.021

  1.5-62 VIP35 0.82 0.187 0.66 0.018 0.92 0.474 

  1.5-63  1.00 0.972 0.59 0.036 1.01 0.969 

  1.5-65  0.84 0.284 0.62 0.005 0.64 0.003

  1.5-66  0.72 0.136 2.67 0.391 0.64 0.038

  1.5-67  1.40 0.130 1.89 0.022 1.25 0.364 

  1.5-68  1.05 0.869 1.85 0.035 1.35 0.206 

  1.5-69  1.42 0.159 1.67 0.011 1.28 0.302 

  1.5-70  1.00 0.981 1.75 0.019 1.39 0.051 

  1.5-72  0.50 0.043 1.67 0.016 1.40 0.422 

  1.5-73  1.00 0.990 1.81 0.027 1.39 0.271 

  1.5-74  2.74 0.032 5.72 0.033 2.82 0.048

   VIP03 0.92 0.642 1.37 0.031 0.95 0.768 

   VIP04 0.67 0.006 0.73 0.002 0.74 0.028

   VIP06 1.23 0.008 1.24 0.001 1.15 0.032

   VIP08 0.74 0.009 0.72 0.003 0.72 0.001

   VIP09 0.58 0.059 0.92 0.454 0.73 0.027

   VIP15 0.79 0.021 1.05 0.488 1.05 0.536 

   VIP16 0.79 0.031 0.82 0.018 0.89 0.108 

   VIP18 0.99 0.770 0.73 0.000 0.85 0.067 

   VIP21 0.71 0.040 0.97 0.870 1.07 0.507 

   VIP24 0.97 0.912 1.29 0.451 1.04 0.891 

   VIP28 0.78 0.289 0.85 0.297 0.68 0.067 

   VIP30 1.01 0.944 0.89 0.155 1.06 0.523 

   VIP34 1.09 0.323 0.74 0.002 0.76 0.012

   VIP36 0.75 0.016 0.82 0.065 0.82 0.081 

 


