






Figure	  S4.	  ATPase	  α-‐subunit	  cross-‐calibrated	  chronogram.	  



Figure	  S5:	  ATPase	  β-‐subunit	  cross-‐calibrated	  chronogram.	  
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Figure	  S6:	  ATPase	  β-‐subunit	  cross-‐calibrated	  chronogram	  
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Figure	  S7:	  No	  significant	  difference	  in	  uncertainty	  (as	  measured	  by	  95%	  HPD	  width	  of	  node	  
height	  es+mates)	  between	  alpha/beta	  cross-‐calibrated	  and	  cross-‐braced	  analyses.	  
Regression	  sta+s+cs	  are	  for	  devia+on	  from	  1:1	  line.	  
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Figure	  S8:	  Node	  heights	  as	  es+mated	  by	  alpha/beta	  cross-‐bracing	  tend	  to	  be	  slightly	  lower	  
than	  with	  other	  methods.	  Regression	  sta+s+cs	  are	  for	  devia+on	  from	  1:1	  line.	  
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Figure	  SI0:	  Ef-‐Tu/	  Ef-‐1α	  cross-‐calibrated	  chronogram.	  
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Supplemental Tables S1-S6: 
	  
Table S1.  Description of ATPase BEAST runs with varying levels of calibration 
priors 

Run Name Calibration Type Description 

1 α-cross-calibrated cross-calibrated chronogram of only α subunits; all 
calibration points are used 

2 β-cross-calibrated cross-calibrated chronogram of only β subunits; all 
calibration points are used 

3 α/β-cross-calibrated cross-calibrated chronogram of both α and β subunits; all 
calibration points are used 

4 α-metazoan-cross-
calibrated cross-calibrated chronogram of only α subunits; only 

metazoan calibration points are used 

5 α-plant-cross-calibrated cross-calibrated chronogram of only α subunits; only plant 
calibration points are used 

6 α-chloroplast-cross-
calibrated cross-calibrated chronogram of only α subunits; only 

plastid calibration points are used 

7 α-mitochondria-cross-
calibrated cross-calibrated chronogram of only α subunits; only 

mitochondrial calibration points are used 

8 α-vacuole-cross-calibrated cross-calibrated chronogram of only α subunits; only 
vacuolar calibration points are used 

9 α/β-cross-braced cross-braced chronogram of both α and β subunits; all 
calibration points are used 
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Table S2. Statistical tests for deviations from a 1:1 relationship between calibration 
analyses. Linear models were built using a simpler analysis as a predictor (x-axis), and a 
more complex analysis as a response (y-axis).  To remove the 1:1 relationship, the 
response variable was detrended by subtracting the predictor variable. Thus, if the 
relationship between e.g. node age uncertainty from a simpler analysis and node age 
uncertainty in a more complex analysis is truly 1:1, then the detrended response variable 
will be exactly flat (slope and intercept = 0). A negative slope of -0.05 would indicate 
that uncertainty in node age is on average 5% lower in the more complex analysis (if the 
intercept is close to 0). The results show that the mean estimates of node age in cross-
calibrated analyses are not significantly lower than in non-calibrated, alpha-alone 
analyses. P-values were corrected by Bonferroni correction for 5 tests. *=p<0.05; 
**=p<0.01; ***=p<0.001.

 
 
 

Comparison
Slope-of-
difference-

from-1:1-line
95%-CI p Intercept 95%-CI p

age$mean
alpha%vs.%cross,calibrated 0.02 (,0.01,0.04) 0.723 2.5 (,20.1,25.2) 4.13585
beta%vs.%cross,calibrated ,0.04 (,0.08,,0.01) 0.054 31.7 (2,61.5) 0.20073
alpha%vs.%cross,braced ,0.06 (,0.08,,0.04) 2.97E,06 *** ,57.2 (,77.9,,36.5) 4.66E,06 ***
beta%vs.%cross,braced ,0.07 (,0.1,,0.04) 1.19E,05 *** ,37.3 (,61.6,,13) 0.01836 *
cross,calibrated%vs.%cross,braced ,0.05 (,0.07,,0.03) 5.75E,08 *** ,65.0 (,81.4,,48.5) 8.64E,12 ***

uncertainty$in$node$age$(HPD$width)
alpha%vs.%cross,calibrated ,0.22 (,0.3,,0.15) 1.48E,06 *** 30.8 (,12.6,74.2) 0.84297
beta%vs.%cross,calibrated ,0.16 (,0.22,,0.09) 9.50E,05 *** 26.9 (,6.9,60.7) 0.61656
alpha%vs.%cross,braced ,0.26 (,0.32,,0.19) 3.61E,10 *** 16.6 (,20.6,53.8) 1.92425
beta%vs.%cross,braced ,0.14 (,0.22,,0.07) 2.54E,03 ** 3.4 (,35.2,42.1) 4.31047
cross,calibrated%vs.%cross,braced ,0.03 (,0.06,0.01) 0.598 ,7.9 (,25,9.3) 1.84405

age$coefficient$of$variation$(CV:$std.$dev.$/$mean)
alpha%vs.%cross,calibrated ,0.14 (,0.2,,0.08) 2.32E,04 *** ,0.001 (,0.014,0.012) 4.55538
beta%vs.%cross,calibrated ,0.14 (,0.17,,0.11) 2.96E,11 *** 0.007 (0,0.015) 0.31751
alpha%vs.%cross,braced ,0.22 (,0.28,,0.15) 4.44E,08 *** 0.024 (0.01,0.037) 0.00453 **
beta%vs.%cross,braced ,0.18 (,0.22,,0.15) 2.48E,13 *** 0.028 (0.019,0.036) 2.00E,07 ***
cross,calibrated%vs.%cross,braced ,0.08 (,0.11,,0.04) 3.67E,05 *** 0.024 (0.018,0.03) 9.21E,12 ***

rate$mean
alpha%vs.%cross,calibrated ,0.12 (,0.16,,0.08) 3.79E,06 *** 0.000031 (0.00001,0.00006) 0.10687
beta%vs.%cross,calibrated ,0.06 (,0.12,,0.01) 0.138 0.000035 (0.00001,0.00007) 0.12761
alpha%vs.%cross,braced ,0.24 (,0.3,,0.19) 1.75E,12 *** 0.000167 (0.00014,0.0002) 1.13E,14 ***
beta%vs.%cross,braced ,0.23 (,0.3,,0.16) 2.09E,08 *** 0.000171 (0.00014,0.00021) 8.95E,13 ***
cross,calibrated%vs.%cross,braced ,0.16 (,0.2,,0.13) 1.53E,16 *** 0.000142 (0.00012,0.00016) 9.54E,31 ***

uncertainty$in$branch$rate$(HPD$width)
alpha%vs.%cross,calibrated ,0.57 (,0.66,,0.48) 1.59E,18 *** 0.000351 (0.00027,0.00044) 1.43E,10 ***
beta%vs.%cross,calibrated ,0.42 (,0.52,,0.32) 5.56E,11 *** 0.000269 (0.00018,0.00035) 1.76E,07 ***
alpha%vs.%cross,braced ,0.61 (,0.7,,0.52) 3.25E,20 *** 0.000470 (0.00039,0.00055) 1.46E,15 ***
beta%vs.%cross,braced ,0.51 (,0.61,,0.41) 6.07E,14 *** 0.000398 (0.00031,0.00048) 8.35E,13 ***
cross,calibrated%vs.%cross,braced ,0.27 (,0.36,,0.19) 8.75E,09 *** 0.000272 (0.00021,0.00034) 7.43E,13 ***

rate$coefficient$of$variation$(CV:$std.$dev.$/$mean)
alpha%vs.%cross,calibrated ,0.29 (,0.43,,0.14) 1.50E,03 ** 0.078 (0.01,0.15) 0.13667
beta%vs.%cross,calibrated ,0.14 (,0.28,0) 0.309 0.026 (,0.04,0.09) 2.10995
alpha%vs.%cross,braced ,0.47 (,0.6,,0.33) 1.14E,08 *** 0.142 (0.08,0.2) 1.04E,04 ***
beta%vs.%cross,braced ,0.22 (,0.33,,0.12) 3.98E,04 *** 0.046 (0,0.09) 0.29495
cross,calibrated%vs.%cross,braced ,0.30 (,0.38,,0.23) 1.88E,12 *** 0.106 (0.07,0.14) 2.33E,09 ***
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Table S3: Tests for deviations from a 1:1 relationship between the age-related node statistics 
from BEAST analyses based on subsets of alpha node calibrations, and (a) the complete list of 
alpha node calibrations, (b) the cross-calibration method, and (c) the cross-bracing method.	  

	  

	   	  

Comparison

Slope-of-
difference-
from-1:1-
line

95%-CI p Inter8
cept 95%-CI p

age%mean

(a)$comparisons$to$alpha$with$all$calibrations
age$mean:$alphas,$no$plant$dates$vs.$alphas$only 0.06 (0.04,0.09) 4.849E;07 *** 65.34 (45.95,84.72) 8.034E;09 ***
age$mean:$alphas,$only$chloroplast$dates$vs.$alphas$only 0.09 (0.05,0.12) 6.160E;06 *** 103.43 (75.3,131.55) 7.455E;10 ***
age$mean:$alphas,$only$mitochondrial$dates$vs.$alphas$only 0.06 (0.04,0.09) 2.051E;05 *** 82.66 (60.08,105.24) 6.870E;10 ***
age$mean:$alphas,$only$plant$dates$vs.$alphas$only 0.03 (0.01,0.05) 2.099E;03 ** 37.02 (18.82,55.21) 1.695E;04 ***
age$mean:$alphas,$only$vacuolar$dates$vs.$alphas$only 0.06 (0.03,0.08) 8.355E;06 *** 69.23 (49.57,88.89) 2.264E;09 ***

(b)$comparison$to$cross2calibration
age$mean:$alphas,$no$plant$dates$vs.$alphas$&$betas$(cross;calibrated) 0.08 (0.04,0.12) 4.051E;04 *** 71.72 (37.71,105.72) 1.073E;04 ***
age$mean:$alphas,$only$chloroplast$dates$vs.$alphas$&$betas$(cross;calibrated) 0.10 (0.06,0.15) 3.137E;05 *** 108.46 (71.3,145.63) 2.806E;07 ***
age$mean:$alphas,$only$mitochondrial$dates$vs.$alphas$&$betas$(cross;calibrated) 0.08 (0.04,0.12) 1.309E;04 *** 85.95 (51.58,120.31) 6.476E;06 ***
age$mean:$alphas,$only$plant$dates$vs.$alphas$&$betas$(cross;calibrated) 0.05 (0.01,0.08) 1.033E;02 * 42.54 (11.65,73.43) 0.009 **
age$mean:$alphas,$only$vacuolar$dates$vs.$alphas$&$betas$(cross;calibrated) 0.07 (0.04,0.11) 8.403E;05 *** 70.81 (41,100.61) 1.671E;05 ***

(c)$comparison$to$cross2bracing
age$mean:$alphas,$no$plant$dates$vs.$alphas$&$betas$(cross;braced) 0.00 (;0.03,0.03) 0.996 $ 3.11 (;20.12,26.35) 0.794 $
age$mean:$alphas,$only$chloroplast$dates$vs.$alphas$&$betas$(cross;braced) 0.02 (0,0.05) 0.095 $ 36.61 (13.72,59.51) 2.572E;03 **
age$mean:$alphas,$only$mitochondrial$dates$vs.$alphas$&$betas$(cross;braced) 0.01 (;0.02,0.03) 0.634 $ 15.60 (;3.32,34.52) 0.111 $
age$mean:$alphas,$only$plant$dates$vs.$alphas$&$betas$(cross;braced) ;0.03 (;0.06,0) 0.031 * ;22.33 (;45.95,1.29) 0.068 $
age$mean:$alphas,$only$vacuolar$dates$vs.$alphas$&$betas$(cross;braced) ;0.01 (;0.03,0.02) 0.662 $ 4.75 (;15.53,25.04) 0.647 $

uncertainty%in%node%age%(HPD%width)

(a)$comparisons$to$alpha$with$all$calibrations
age$HPD$width:$alphas,$no$plant$dates$vs.$alphas$only 0.11 (0.03,0.2) 0.012 * ;40.91 (;87.65,5.83) 0.091 $
age$HPD$width:$alphas,$only$chloroplast$dates$vs.$alphas$only 0.10 (;0.01,0.2) 0.074 $ 9.66 (;44.55,63.88) 0.728 $
age$HPD$width:$alphas,$only$mitochondrial$dates$vs.$alphas$only 0.12 (0.02,0.22) 0.021 * ;11.13 (;63.45,41.18) 0.678 $
age$HPD$width:$alphas,$only$plant$dates$vs.$alphas$only 0.06 (0,0.13) 0.055 $ 0.25 (;34.65,35.15) 0.989 $
age$HPD$width:$alphas,$only$vacuolar$dates$vs.$alphas$only 0.01 (;0.08,0.11) 0.771 $ ;7.36 (;64,49.27) 0.800 $

(b)$comparison$to$cross2calibration
age$HPD$width:$alphas,$no$plant$dates$vs.$alphas$&$betas$(cross;calibrated) ;0.09 (;0.19,0) 0.057 $ ;17.62 (;67.78,32.54) 0.494 $
age$HPD$width:$alphas,$only$chloroplast$dates$vs.$alphas$&$betas$(cross;calibrated) ;0.09 (;0.18,;0.01) 0.035 * 11.74 (;31.61,55.09) 0.597 $
age$HPD$width:$alphas,$only$mitochondrial$dates$vs.$alphas$&$betas$(cross;calibrated) ;0.08 (;0.17,0.01) 0.098 $ ;3.78 (;52,44.43) 0.878 $
age$HPD$width:$alphas,$only$plant$dates$vs.$alphas$&$betas$(cross;calibrated) ;0.12 (;0.19,;0.05) 0.002 ** 9.77 (;27.95,47.48) 0.614 $
age$HPD$width:$alphas,$only$vacuolar$dates$vs.$alphas$&$betas$(cross;calibrated) ;0.15 (;0.23,;0.07) 3.222E;04 *** ;8.13 (;52.15,35.88) 0.718 $

(c)$comparison$to$cross2bracing
age$HPD$width:$alphas,$no$plant$dates$vs.$alphas$&$betas$(cross;braced) ;0.11 (;0.18,;0.05) 1.351E;03 ** ;39.82 (;74.92,;4.71) 0.030 *
age$HPD$width:$alphas,$only$chloroplast$dates$vs.$alphas$&$betas$(cross;braced) ;0.11 (;0.17,;0.05) 7.710E;04 *** ;8.06 (;38.46,22.34) 0.605 $
age$HPD$width:$alphas,$only$mitochondrial$dates$vs.$alphas$&$betas$(cross;braced) ;0.09 (;0.15,;0.02) 9.042E;03 ** ;25.90 (;59.3,7.5) 0.133 $
age$HPD$width:$alphas,$only$plant$dates$vs.$alphas$&$betas$(cross;braced) ;0.16 (;0.21,;0.1) 4.198E;07 *** ;5.23 (;34.26,23.8) 0.725 $
age$HPD$width:$alphas,$only$vacuolar$dates$vs.$alphas$&$betas$(cross;braced) ;0.18 (;0.24,;0.11) 4.466E;07 *** ;22.86 (;57.78,12.06) 0.204 $

age%coefficient%of%variation%(CV:%std.%dev.%/%mean)

(a)$comparisons$to$alpha$with$all$calibrations
age$CV:$alphas,$no$plant$dates$vs.$alphas$only ;0.26 (;0.45,;0.06) 0.014 * 0.01 (;0.033,0.062) 0.548 $
age$CV:$alphas,$only$chloroplast$dates$vs.$alphas$only ;0.44 (;0.64,;0.24) 5.201E;05 *** 0.05 (0.005,0.104) 0.033 *
age$CV:$alphas,$only$mitochondrial$dates$vs.$alphas$only ;0.35 (;0.55,;0.15) 8.868E;04 *** 0.04 (;0.006,0.087) 0.089 $
age$CV:$alphas,$only$plant$dates$vs.$alphas$only ;0.28 (;0.43,;0.13) 5.529E;04 *** 0.04 (0.007,0.074) 0.021 *
age$CV:$alphas,$only$vacuolar$dates$vs.$alphas$only ;0.23 (;0.41,;0.05) 0.013 * 0.01 (;0.036,0.05) 0.743 $

(b)$comparison$to$cross2calibration
age$CV:$alphas,$no$plant$dates$vs.$alphas$&$betas$(cross;calibrated) ;0.30 (;0.47,;0.13) 1.159E;03 ** 0.00 (;0.044,0.039) 0.903 $
age$CV:$alphas,$only$chloroplast$dates$vs.$alphas$&$betas$(cross;calibrated) ;0.42 (;0.58,;0.26) 3.843E;06 *** 0.02 (;0.017,0.063) 0.269 $
age$CV:$alphas,$only$mitochondrial$dates$vs.$alphas$&$betas$(cross;calibrated) ;0.37 (;0.54,;0.2) 6.878E;05 *** 0.02 (;0.024,0.056) 0.430 $
age$CV:$alphas,$only$plant$dates$vs.$alphas$&$betas$(cross;calibrated) ;0.34 (;0.47,;0.21) 4.814E;06 *** 0.03 (;0.004,0.056) 0.092 $
age$CV:$alphas,$only$vacuolar$dates$vs.$alphas$&$betas$(cross;calibrated) ;0.26 (;0.4,;0.11) 9.659E;04 *** ;0.01 (;0.05,0.022) 0.443 $

(c)$comparison$to$cross2bracing
age$CV:$alphas,$no$plant$dates$vs.$alphas$&$betas$(cross;braced) ;0.44 (;0.62,;0.27) 6.836E;06 *** 0.04 (;0.002,0.084) 0.065 $
age$CV:$alphas,$only$chloroplast$dates$vs.$alphas$&$betas$(cross;braced) ;0.49 (;0.65,;0.33) 4.545E;08 *** 0.05 (0.012,0.088) 0.012 *
age$CV:$alphas,$only$mitochondrial$dates$vs.$alphas$&$betas$(cross;braced) ;0.45 (;0.61,;0.29) 7.410E;07 *** 0.05 (0.008,0.085) 0.020 *
age$CV:$alphas,$only$plant$dates$vs.$alphas$&$betas$(cross;braced) ;0.37 (;0.48,;0.25) 3.818E;08 *** 0.04 (0.016,0.068) 2.253E;03 **
age$CV:$alphas,$only$vacuolar$dates$vs.$alphas$&$betas$(cross;braced) ;0.35 (;0.5,;0.21) 1.206E;05 *** 0.02 (;0.017,0.054) 0.322 $
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Table S4. Tests for deviations from a 1:1 relationship between the rate-related node statistics 
from BEAST analyses based on subsets of alpha node calibrations, and (a) the complete list of 
alpha node calibrations, (b) the cross-calibration method, and (c) the cross-bracing method. 

 	  

rate%mean:%alphas,%no%plant%dates%vs.%alphas%&%betas%(cross6braced)

Slope%of%
difference%
from%1:1%
line

95%%CI p Intercep
t 95%%CI p

rate%mean

(a)$comparisons$to$alpha$with$all$calibrations
rate%mean:%alphas,%no%plant%dates%vs.%alphas%only 0.04 (60.03,0.11) 0.267 % 0.00(60.0001,60.0001) 8.803E605 ***
rate%mean:%alphas,%only%chloroplast%dates%vs.%alphas%only 0.02 (60.06,0.09) 0.682 % 0.00(60.0002,60.0001) 1.503E605 ***
rate%mean:%alphas,%only%mitochondrial%dates%vs.%alphas%only 0.01 (60.06,0.08) 0.836 % 0.00 (60.0001,0) 7.518E604 ***
rate%mean:%alphas,%only%plant%dates%vs.%alphas%only 0.06 (60.01,0.12) 0.084 % 0.00 (60.0001,0) 0.014 *
rate%mean:%alphas,%only%vacuolar%dates%vs.%alphas%only 0.01 (60.03,0.06) 0.559 % 0.00 (60.0001,0) 1.507E605 ***

(b)$comparison$to$cross2calibration
rate%mean:%alphas,%no%plant%dates%vs.%alphas%&%betas%(cross6calibrated) 60.07 (60.15,0) 0.057 % 0.00 (60.0001,0) 0.014 *
rate%mean:%alphas,%only%chloroplast%dates%vs.%alphas%&%betas%(cross6calibrated) 60.10 (60.17,60.03) 0.010 * 0.00 (60.0001,0) 2.742E603 **
rate%mean:%alphas,%only%mitochondrial%dates%vs.%alphas%&%betas%(cross6calibrated) 60.10 (60.17,60.03) 5.140E603 ** 0.00 (60.0001,0) 0.033 *
rate%mean:%alphas,%only%plant%dates%vs.%alphas%&%betas%(cross6calibrated) 60.06 (60.13,0.01) 0.075 % 0.00 (60.0001,0) 0.535 %
rate%mean:%alphas,%only%vacuolar%dates%vs.%alphas%&%betas%(cross6calibrated) 60.10 (60.16,60.04) 9.051E604 *** 0.00 (60.0001,0) 0.052 %

(c)$comparison$to$cross2bracing
rate%mean:%alphas,%no%plant%dates%vs.%alphas%&%betas%(cross6braced) 60.19 (60.25,60.13) 1.034E607 *** 0.00 (0,0.0001) 4.192E604 ***
rate%mean:%alphas,%only%chloroplast%dates%vs.%alphas%&%betas%(cross6braced) 60.21 (60.27,60.15) 1.080E608 *** 0.00 (0,0.0001) 7.984E603 **
rate%mean:%alphas,%only%mitochondrial%dates%vs.%alphas%&%betas%(cross6braced) 60.20 (60.25,60.15) 3.719E611 *** 0.00 (0,0.0001) 9.974E606 ***
rate%mean:%alphas,%only%plant%dates%vs.%alphas%&%betas%(cross6braced) 60.21 (60.29,60.13) 2.225E606 *** 0.00 (0.0001,0.0002) 4.819E607 ***
rate%mean:%alphas,%only%vacuolar%dates%vs.%alphas%&%betas%(cross6braced) 60.22 (60.28,60.17) 9.393E611 *** 0.00 (0.0001,0.0001) 5.259E607 ***

uncertainty%in%branch%rate%(HPD%width)
(a)$comparisons$to$alpha$with$all$calibrations
rate%HPD%width:%alphas,%no%plant%dates%vs.%alphas%only 60.20 (60.31,60.09) 5.854E604 *** 0.00 (60.0001,0.0002) 0.478 %
rate%HPD%width:%alphas,%only%chloroplast%dates%vs.%alphas%only 60.20 (60.32,60.08) 1.865E603 ** 0.00 (60.0001,0.0002) 0.517 %
rate%HPD%width:%alphas,%only%mitochondrial%dates%vs.%alphas%only 60.18 (60.31,60.04) 0.012 * 0.00 (60.0001,0.0002) 0.378 %
rate%HPD%width:%alphas,%only%plant%dates%vs.%alphas%only 0.00 (60.13,0.13) 0.977 % 0.00 (60.0001,0.0001) 0.972 %
rate%HPD%width:%alphas,%only%vacuolar%dates%vs.%alphas%only 60.20 (60.3,60.1) 2.288E604 *** 0.00 (0,0.0002) 0.276 %

(b)$comparison$to$cross2calibration
rate%HPD%width:%alphas,%no%plant%dates%vs.%alphas%&%betas%(cross6calibrated) 60.66 (60.75,60.56) 2.253E620 *** 0.00 (0.0003,0.0005) 6.216E609 ***
rate%HPD%width:%alphas,%only%chloroplast%dates%vs.%alphas%&%betas%(cross6calibrated) 60.66 (60.75,60.56) 1.868E620 *** 0.00 (0.0003,0.0005) 7.178E609 ***
rate%HPD%width:%alphas,%only%mitochondrial%dates%vs.%alphas%&%betas%(cross6calibrated) 60.64 (60.74,60.54) 9.277E619 *** 0.00 (0.0003,0.0005) 7.807E609 ***
rate%HPD%width:%alphas,%only%plant%dates%vs.%alphas%&%betas%(cross6calibrated) 60.54 (60.65,60.44) 4.441E614 *** 0.00 (0.0002,0.0004) 9.405E608 ***
rate%HPD%width:%alphas,%only%vacuolar%dates%vs.%alphas%&%betas%(cross6calibrated) 60.64 (60.73,60.55) 7.153E622 *** 0.00 (0.0003,0.0005) 7.469E610 ***
(c)$comparison$to$cross2bracing
rate%HPD%width:%alphas,%no%plant%dates%vs.%alphas%&%betas%(cross6braced) 60.66 (60.75,60.58) 1.583E622 *** 0.00 (0.0004,0.0006) 3.241E613 ***
rate%HPD%width:%alphas,%only%chloroplast%dates%vs.%alphas%&%betas%(cross6braced) 60.67 (60.76,60.58) 1.940E622 *** 0.00 (0.0004,0.0006) 6.011E613 ***
rate%HPD%width:%alphas,%only%mitochondrial%dates%vs.%alphas%&%betas%(cross6braced) 60.65 (60.74,60.55) 4.481E621 *** 0.00 (0.0004,0.0006) 4.036E613 ***
rate%HPD%width:%alphas,%only%plant%dates%vs.%alphas%&%betas%(cross6braced) 60.57 (60.68,60.47) 7.726E616 *** 0.00 (0.0003,0.0005) 4.027E612 ***
rate%HPD%width:%alphas,%only%vacuolar%dates%vs.%alphas%&%betas%(cross6braced) 60.68 (60.77,60.6) 2.606E623 *** 0.00 (0.0004,0.0006) 2.126E614 ***

rate%coefficient%of%variation%(CV:%std.%dev.%/%mean)

(a)$comparisons$to$alpha$with$all$calibrations
rate%CV:%alphas,%no%plant%dates%vs.%alphas%only 60.05 (60.22,0.12) 0.561 % 0.01 (60.07,0.09) 0.743 %
rate%CV:%alphas,%only%chloroplast%dates%vs.%alphas%only 0.06 (60.17,0.29) 0.598 % 60.01 (60.11,0.09) 0.849 %
rate%CV:%alphas,%only%mitochondrial%dates%vs.%alphas%only 60.01 (60.21,0.19) 0.946 % 0.02 (60.07,0.11) 0.710 %
rate%CV:%alphas,%only%plant%dates%vs.%alphas%only 60.06 (60.22,0.1) 0.458 % 0.04 (60.03,0.11) 0.254 %
rate%CV:%alphas,%only%vacuolar%dates%vs.%alphas%only 0.01 (60.19,0.21) 0.915 % 60.01 (60.11,0.08) 0.774 %
(b)$comparison$to$cross2calibration
rate%CV:%alphas,%no%plant%dates%vs.%alphas%&%betas%(cross6calibrated) 60.26 (60.47,60.06) 0.016 * 0.06 (60.04,0.16) 0.232 %
rate%CV:%alphas,%only%chloroplast%dates%vs.%alphas%&%betas%(cross6calibrated) 60.07 (60.29,0.15) 0.516 % 0.00 (60.1,0.09) 0.930 %
rate%CV:%alphas,%only%mitochondrial%dates%vs.%alphas%&%betas%(cross6calibrated) 60.09 (60.29,0.1) 0.344 % 0.00 (60.08,0.09) 0.940 %
rate%CV:%alphas,%only%plant%dates%vs.%alphas%&%betas%(cross6calibrated) 60.22 (60.41,60.04) 0.023 * 0.06 (60.02,0.14) 0.156 %
rate%CV:%alphas,%only%vacuolar%dates%vs.%alphas%&%betas%(cross6calibrated) 60.09 (60.28,0.11) 0.396 % 60.02 (60.11,0.07) 0.631 %
(c)$comparison$to$cross2bracing
rate%CV:%alphas,%no%plant%dates%vs.%alphas%&%betas%(cross6braced) 60.42 (60.59,60.25) 1.053E605 *** 0.12 (0.04,0.2) 6.351E603 **
rate%CV:%alphas,%only%chloroplast%dates%vs.%alphas%&%betas%(cross6braced) 60.26 (60.44,60.08) 6.080E603 ** 0.06 (60.02,0.14) 0.146 %
rate%CV:%alphas,%only%mitochondrial%dates%vs.%alphas%&%betas%(cross6braced) 60.30 (60.47,60.14) 6.007E604 *** 0.08 (0,0.15) 0.042 *
rate%CV:%alphas,%only%plant%dates%vs.%alphas%&%betas%(cross6braced) 60.33 (60.47,60.18) 2.962E605 *** 0.09 (0.03,0.15) 6.652E603 **
rate%CV:%alphas,%only%vacuolar%dates%vs.%alphas%&%betas%(cross6braced) 60.30 (60.47,60.13) 9.526E604 *** 0.06 (60.02,0.14) 0.148 %
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Table S5. List of taxa and UniProt accessions for sequences included in this study. 
 

Species               Taxon Abbreviation               Uniprot Accession 
 
F-type ATPase (α subunit) 
 
Plastid 
Arabidopsis thaliana    CATPA_ARATH  P56757 
Oryza sativa subsp. Japonica   CATPA_ORYSJ  P0C2Z6 
Amborella trichopoda    CATPA_AMBTC  Q70XV0 
Cycas taitungensis    CATPA_CYCTA  A6H5F1 
Psilotum nudum     CATPA_PSINU  Q8WI30 
Selaginella uncinata    CATPA_SELUN  Q2WGJ0 
Physcomitrella patens subsp. patens  CATPA_PHYPA  Q6YXK3 
Chlamydomonas reinhardtii   CATPA_CHLRE  P26526 
Micromonas sp. strain RCC299    CATPA_MICSR  C1KR42 
Cyanophora paradoxa    CATPA_CYAPA  P48080 
Cyanidioschyzon merolae   CATPA_CYAME  Q85FQ8 
Thalassiosira pseudonana   CATPA_THAPS  A0T0P4 
Ectocarpus siliculosus    CATPA_ECTSI  D1J797 
Phaeodactylum tricornutum   CATPA_PHATC  A0T0F1 
 
Mitochondrial 
Arabidopsis thaliana    MATPA_ARATH  P92549 
Oryza sativa subsp. japonica   MATPA_ORYSJ  P0C522 
Cycas taitungensis    MATPA_CYCTA  B0BLD4 
Amborella trichopoda    MATPA_AMBTC  Q9T718 
Isoetes engelmannii    MATPA_ISOEN  C6FJG2 
Physcomitrella patens subsp. patens  MATPA_PHYPA  Q1XGA4 
Chlamydomonas reinhardtii   MATPA_CHLRE  Q96550 
Micromonas sp. strain RCC299   MATPA_MICSR  C1EHC0 
Cyanidioschyzon merolae   MATPA_CYAME  CMT434C* 
Homo sapiens     MATPA_HUMAN  P25705 
Caenorhabditis elegans    MATPA_CAEEL  Q9XXK1 
Drosophila melanogaster   MATPA_DROME  P35381 
Anopheles gambiae    MATPA_ANOGA  P35381 
Gallus gallus     MATPA_CHICK  Q8UVX3 
Monosiga brevicollis    MATPA_MONBE  A9V9Z0 
Saccharomyces cerevisiae   MATPA_YEAST  A9V9Z0 
Cryptococcus neoformans var. neoformans MATPA_CRYNE  P07251 
Phaeodactylum tricornutum    MATPA_PHATC  B7G531 
Thalassiosira pseudonana   MATPA_THAPS  B8C6C6 
Ectocarpus siliculosus    MATPA_ECTSI  D8LJM3 
 
Bacterial 
Synechocystis sp. strain PCC 6803  ATPA_SYNCY   P27179 
Nostoc sp. strain PCC 7120   ATPA_ANASP   P12405 
Prochlorococcus marinus subsp. pastoris ATPA_PROMP   Q7V037 
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strain CCMP1986  
Synechococcus sp. strain WH8102  ATPA_SYNPX   Q7U8W5 
Rickettsia prowazekii strain, Madrid E  ATPA_RICPR   O50288 
Rickettsia typhi strain ATCC VR-144  ATPA_RICTY   Q68VU6 
Caulobacter crescentus strain ATCC 19089 ATPA_CAUCR  Q9A2V7 
Agrobacterium tumefaciens strain C58  ATPA_AGRTU  Q8UC74 
Escherichia coli strain K12   ATPA_ECOLI   P0ABB0 
Vibrio cholerae strain ATCC 39315  ATPA_VIBCH   Q9KNH3 
Thermotoga maritima strain ATCC 43589 ATPA_THEMA  Q9X1U7 
Chlorobium limicola strain DSM 245  ATPA_CHLLI   B3EHU6 
Aquifex aeolicus strain VF5   ATPA_AQUAE  O66907 
 
V-type ATPase (β subunit) 
 
Arabidopsis thaliana    VATPB_ARATH  P11574 
Oryza sativa subsp. japonica   VATPB_ORYSJ  Q9ASE0 
Picea sitchensis     VATPB_PICSI   A9NVU9 
Selaginella moellendorffii   VATPB_SELML  D8SQC5 
Physcomitrella patens subsp. patens  VATPB_PHYPA  A9SP56 
Chlamydomonas reinhardtii   VATPB_CHLRE  A8IA45 
Micromonas sp. strain RCC299   VATPB_MICSR  C1DYK7 
Cyanidioschyzon merolae   VATPB_CYAME  Q84KP2 
Homo sapiens     VATPB_HUMAN  P15313 
Caenorhabditis elegans    VATPB_CAEEL  Q19626 
Drosophila melanogaster   VATPB_DROME  P31409 
Anopheles darling    VATPB_ANODA  E3XA70 
Gallus gallus     VATPB_CHICK  P49712 
Monosiga brevicollis    VATPB_MONBE  A9V6U8 
Phaeodactylum tricornutum    VATPB_PHATC  B7FQQ8 
Thalassiosira pseudonana   VATPB_THAPS  B8C0L1 
Ectocarpus siliculosus    VATPB_ECTSI  D8LCT6 
Archaeoglobus fulgidus strain ATCC 49558 VATPB_ARCFU  O29100 
Thermococcus sibiricus DSM 12597  VATPB_THESM  C6A5E7 
Cenarchaeum symbiosum strain A  VATPB_CENSY  A0RXK0 
Sulfolobus tokodaii strain DSM 16993   VATPB_SULTO  Q971B6 
Hyperthermus butylicus strain DSM 5456 VATPB_HYPBU  A2BKX5 
Thermotoga neapolitana strain ATCC 49049 VATPB_THENN   B9K814 
Deinococcus radiodurans strain ATCC 13939 VATPB_DEIRA  Q9RWG7 
Clostridium tetani strain Massachusetts / E88 VATPB_CLOTE  Q896K3 
Streptococcus parasanguinis FW213  VATPB_STRPA  I1ZJ86 
Synergistetes bacterium SGP1   VATPB_SYNGT  D4M879 
 
F-type ATPase (β subunit) 
 
Plastid 
Arabidopsis thaliana    CATPB_ARATH  P19366 
Oryza sativa subsp. japonica   CATPB_ORYSJ  P12085 
Amborella trichopoda    CATPB_AMBTC  Q70XZ6 
Cycas taitungensis    CATPB_CYCTA  A6H5I4 
Picea sitchensis     CATPB_PICSI   C1IXH0 
Keteleeria davidiana    CATPB_KETDA  B7ZIP2 
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Psilotum nudum     CATPB_PSINU  O03081 
Selaginella uncinata    CATPB_SELUN  Q2WGH4 
Physcomitrella patens subsp. patens  CATPB_PHYPA  P80658 
Chlamydomonas reinhardtii   CATPB_CHLRE  P06541 
Cyanophora paradoxa    CATPB_CYAPA  P48081 
Cyanidioschyzon merolae   CATPB_CYAME  Q85FT2 
Thalassiosira pseudonana   CATPB_THAPS  A0T0R6 
Ectocarpus siliculosus    CATPB_ECTSI   D1J7B4 
Phaeodactylum tricornutum   CATPB_PHATC  A0T0D2 
 
Mitochondrial 
Arabidopsis thaliana    MATPB_ARATH  P83483 
Oryza sativa subsp. japonica   MATPB_ORYSJ  Q01859 
Picea sitchensis     MATPB_PICSI   A9NUR7 
Selaginella moellendorffii   MATPB_SELML  D8QQX5 
Physcomitrella patens subsp. patens  MATPB_PHYPA  A9T281 
Chlamydomonas reinhardtii   MATPB_CHLRE  P38482 
Micromonas sp. strain RCC299   MATPB_MICSR  C1FE16 
Cyanidioschyzon merolae   MATPB_CMH197C  CMH197C* 
Homo sapiens     MATPB_HUMAN  P06576 
Caenorhabditis elegans    MATPB_CAEEL  P46561 
Drosophila melanogaster   MATPB_DROME  Q05825 
Anopheles darling    MATPB_ANODA  E3XEC7 
Gallus gallus     MATPB_CHICK  Q5ZLC5 
Monosiga brevicollis    MATPB_MONBE  A9UYC5 
Saccharomyces cerevisiae    MATPB_YEAST  P00830 
Cryptococcus neoformans var. neoformans   MATPB_CRYNE  Q5KFU0 
Ectocarpus siliculosus    MATPB_ECTSI  D7FXG1 
Phaeodactylum tricornutum   MATPB_PHATC  B7FS46 
Thalassiosira pseudonana   MATPB_THAPS  B5YP88 
 
Bacterial 
Synechocystis sp. strain PCC 6803  ATPB_SYNCY   P26527 
Nostoc sp. strain PCC 7120   ATPB_ANASP   P06540 
Prochlorococcus marinus subsp. pastoris ATPB_PROMP   Q7V049 
strain CCMP1986   
Synechococcus sp. strain WH8102  ATPB_SYNPX   Q7U8U7 
Rickettsia prowazekii strain Madrid E  ATPB_RICPR   O50290 
Rickettsia typhi strain ATCC VR-144  ATPB_RICTY   Q68VU8 
Caulobacter crescentus strain ATCC 19089 ATPB_CAUCR   Q9A2V9 
Agrobacterium tumefaciens strain C58  ATPB_AGRTU   Q8UC76 
Escherichia coli strain K12   ATPB_ECOLI   P0ABB4 
Vibrio cholerae strain ATCC 39315  ATPB_VIBCH   Q9KNH5 
Thermotoga maritima strain ATCC 43589  ATPB_THEMA  O50550 
Chlorobium limicola strain DSM 245  ATPB_CHLLI   B3EDQ7 
Aquifex aeolicus strain VF5   ATPB_AQUAE  O67828 
 
V-type ATPase  (α subunit) 
 
Arabidopsis thaliana    VATPA_ARATH  O23654 
Oryza sativa subsp. japonica   VATPA_ORYSJ  Q651T8 
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Picea sitchensis     VATPA_PICSI   D5A887 
Selaginella moellendorffii   VATPA_SELML  D8R3X7 
Physcomitrella patens subsp. patens  VATPA_PHYPA  A9RGW5 
Chlamydomonas reinhardtii   VATPA_CHLRE  A8I164 
Micromonas sp. strain RCC299   VATPA_MICSR  C1E9Q8 
Cyanidioschyzon merolae   VATPA_CYAME  Q84KP3 
Homo sapiens     VATPA_HUMAN  P38606 
Caenorhabditis elegans    VATPA_CAEEL  Q9XW92 
Drosophila melanogaster   VATPA_DROME  P48602 
Anopheles gambiae    VATPA_ANOGA  Q5TTG1 
Gallus gallus     VATPA_CHICK  Q90647 
Monosiga brevicollis    VATPA_MONBE  A9V438 
Phaeodactylum tricornutum   VATPA_PHATC  B7G162 
Thalassiosira pseudonana   VATPA_THAPS  B8CBV3 
Ectocarpus siliculosus    VATPA_ECTSI  D8LGA9 
Archaeoglobus fulgidus strain ATCC 49558 VATPA_ARCFU  O29101 
Thermococcus sibiricus DSM 12597  VATPA_THESM  C6A5E8 
Cenarchaeum symbiosum strain A  VATPA_CENSY  A0RXK1 
Sulfolobus tokodaii strain DSM 16993   VATPA_SULTO  Q971B7 
Hyperthermus butylicus strain DSM 5456 VATPA_HYPBU  A2BKX6 
Thermotoga neapolitana strain ATCC 49049  VATPA_THENN  B9K813 
Thermotoga neapolitana   VATPA_THENE  Q8GB11 
Deinococcus radiodurans strain ATCC 13939 VATPA_DEIRA  Q9RWG8 
Clostridium phytofermentans strain  VATPA_CLOPH  A9KQV0 
ATCC 700394    
Streptococcus parasanguinis strain  VATPA_STRPA  F8DGA3 
ATCC 15912    
Synergistetes bacterium SGP1   VATPA_SYNGT  D4M878 
 
Elongation factor Tu (Ef-Tu) 
 
Plastid 
Arabidopsis thaliana    CEFTU _ARATH  P17745 
Oryza sativa subsp. japonica   CEFTU _ORYSJ  Q6ZI53  
Picea sitchensis     CEFTU _PICSI   C0PQG8 
Selaginella moellendorffii   CEFTU _SELML  D8T8L9  
Physcomitrella patens subsp. patens  CEFTU _PHYPA  A9T0S0 
Micromonas sp. strain RCC299   CEFTU _MICSR  C1KR64 
Chlamydomonas reinhardtii   CEFTU _CHLRE  P17746 
Cyanidioschyzon merolae   CEFTU _CYAME  Q85FT7 
Cyanophora paradoxa    CEFTU_CYAPA  P17245 
Ectocarpus siliculosus    CEFTU _ECTSI  D1J725 
Thalassiosira pseudonana   CEFTU _THAPS  A0T100 
Phaeodactylum tricornutum   CEFTU _PHATC  A0T0K6 
 
Mitochondrial 
Arabidopsis thaliana    MEFTU _ARATH  Q9ZT91 
Oryza sativa subsp. japonica   MEFTU _ORYSJ  Q851Y8 
Selaginella moellendorffii   MEFTU _SELML  D8S6G0 
Physcomitrella patens subsp. patens  MEFTU _PHYPA  A9T9Z0 
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Micromonas sp. strain RCC299   MEFTU _MICSR  C1E231 
Chlamydomonas reinhardtii   MEFTU _CHLRE  A8HXR2 
Ectocarpus siliculosus    MEFTU _ECTSI  D8LDT2 
Thalassiosira pseudonana   MEFTU _THAPS  B8CA96 
Phaeodactylum tricornutum   MEFTU _PHATC  B7GA11 
 
Bacterial 
Escherichia coli strain K12   EFTU_ECOLI   P0CE47 
Caulobacter crescentus strain ATCC 19089 EFTU _CAUCR  Q99QM0 
Chlorobium limicola strain DSM 245  EFTU _CHLLI   B3EH93 
Vibrio cholerae strain ATCC 39315  EFTU _VIBCH   Q9KV37 
Rickettsia typhi strain ATCC VR-144   EFTU _RICTY   Q8KT95 
Rickettsia prowazekii strain Madrid E  EFTU _RICPR   P48865 
Agrobacterium tumefaciens strain C58  EFTU _AGRTU  Q8UE16 
Synechococcus sp. strain WH8102  EFTU _SYNPX   Q7U4D1 
Aquifex aeolicus strain VF5   EFTU _AQUAE  O66429 
Thermotoga maritima strain ATCC 43589 EFTU _THEMA  P13537  
Prochlorococcus marinus subsp. pastoris  EFTU _PROMP  Q7UZY7 
strain CCMP1986 
Synechocystis sp. strain PCC 6803  EFTU _SYNCY  P74227 
Nostoc sp. strain PCC 7120   EFTU _ANASP   Q8YP63 
 
Elongation factor 1 α (Ef-1 α) 
 
Sulfolobus tokodaii strain DSM 16993  EF1A_SULTO   Q976B1 
Hyperthermus butylicus strain DSM 5456 EF1A_HYPBU   A2BN41 
Thermotoga neapolitana strain ATCC 49049 EF1A _THENN   B9K884 
Cenarchaeum symbiosum strain A  EF1A_CENSY   A0RUM4 
Clostridium tetani strain Massachusetts / E88 EF1A _CLOTE   Q877L9 
Deinococcus radiodurans strain ATCC 13939 EF1A _DEIRA   Q9R342 
Archaeoglobus fulgidus strain ATCC 49558 EF1A_ARCFU   O29325 
Thermococcus sibiricus strain MM 739  EF1A_THESM   C6A4R7 
Arabidopsis thaliana    EF1A _ARATH  Q8GTY0 
Oryza sativa subsp. japonica   EF1A _ORYSJ   O64937 
Picea sitchensis     EF1A _PICSI   C0PSF0 
Selaginella moellendorffii   EF1A _SELML   D8RAR5 
Physcomitrella patens subsp. patens  EF1A _PHYPA   A9SJB4 
Cyanophora paradoxa    EF1A _CYAPA   Q9ZSW2 
Cyanidioschyzon merolae   EF1A _CYAME  Q84KQ1  
Phaeodactylum tricornutum   EF1A _PHATC   B5Y4J2 
Caenorhabditis elegans    EF1A _CAEEL   P53013 
Drosophila melanogaster   EF1A _DROME  P08736  
Anopheles gambiae    EF1A _ANOGA  Q7PT29  
Homo sapiens     EF1A _HUMAN  P68104  
Gallus gallus     EF1A _CHICK   Q90835 
Monosiga ovate     EF1A _MONOV  Q2TTF7  
 
 
 

patrickshih
Typewritten Text
26



	  

*Accessions correspond to Cyanidioschyzon merolae genome sequencing project, 
http://merolae.biol.s.u-tokyo.ac.jp (Matsuzaki et al, 2004 Nature) 
 
 
 
Table S6.  Divergence-time calibration points used in this study 
 

Taxon Constraint in Mya (±std dev) 
Monocotyledoneae† 156(±14). 

Angiospermae†  217(±40) 
Gymnospermatophyta†  327(±30) 

Tracheophyta† 432(±30). 
Land Plants† 477(±70) 

Human/Chicken§ 300(±30) 
Fly/Mosquito§  235(±24) 

	  
†Adapted from SA Smith et al (2009) 
§Adapted from ML Berbee and JW Taylor (2010) 
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