
 

 
advances.sciencemag.org/cgi/content/full/6/22/eaba5090/DC1 

 
Supplementary Materials for 

 
ASPM-lexical tone association in speakers of a tone language: Direct evidence for 

the genetic-biasing hypothesis of language evolution 
 

Patrick C. M. Wong*, Xin Kang, Kay H. Y. Wong, Hon-Cheong So, Kwong Wai Choy, Xiujuan Geng 

 
*Corresponding author. Email: p.wong@cuhk.edu.hk 

 
Published 27 May 2020, Sci. Adv. 6, eaba5090 (2020) 

DOI: 10.1126/sciadv.aba5090 
 

This PDF file includes: 
 

Additional Methods 
Additional Results 
Tables S1 to S10 
Figs. S1 to S3 
References 

 
 



Additional Methods 

Lexical tone perception.  The lexical tone perception task consists of these Cantonese 

tonal pairs: T1T2, T1T3, T1T4, T1T5, T2T3, T2T4, T2T5, T3T4, T3T5, T3T6, T4T5, 

and T5T6.   

 

Correlations between genes and behaviours. Non-parametric correlations were 

calculated between the loads of minor alleles of each SNP and each of the 

behavioural scores. The Spearman’s correlations were estimated using IBM SPSS 

Statistics v22. Partial correlations controlling for the effect of age, gender, IQ and 

years of musical training were also calculated to estimate the associations between 

genotypes and each of the behavioural measures. The same analyses were conducted 

on both the hypothesised and controlled SNPs. As these are first-level analysis, allele 

loads for each participant were coded 0, 1, or 2 depending on the number of minor 

allele present. 

 

Additional Results 

Correlations between demographic variables and performance on the four 

behavioural tasks.  The distributions of the four behavioural measures are shown in 

Figure S1. Pair-wise non-parametric (Spearman’s) correlation tests were conducted 

between demographic and behavioural measures including age, gender, IQ, years of 

musical training and four behavioural measures (Figure S2). After correction for 

multiple comparisons, these measures were significantly correlated with each other: 

IQ vs. tone (r=.224, p=5 x 10
-6

, corrected p=1.4 x 10
-4

), music year vs. tone (r=.348, 

p=3.93 x 10
-13

, corrected p=1.1 x 10
-11

) and rhythm (r=.154, p=1.49 x 10
-3

, corrected 

p=0.0417), tone vs. musical pitch (r=0.179, p=2.7 x 10
-4

, corrected p=7.6 x 10
-3

), 

rhythm (r=0.293, p=1.417 x 10
-9

, corrected p=3.97 x 10
-8

), and working memory 

(r=0.18, p=2.95 x 10
-4

, corrected p=8.3 x 10
-3

), and musical pitch vs. rhythm 

(r=0.338, p=7.26 x 10
-13

, corrected p=2.03 x 10
-7

). 

 

Correlations between genes and behaviours. Both non-parametric (Spearman’s) 

correlation tests and partial correlation tests (controlling for age, gender, IQ and years 

of musical training) between the genotypes and behavioural measures reported a 

significant correlation between the minor allele load of ASPM (rs41310927) and tone 

perception, after FDR correction for multiple comparison corrections (Table S9 and 

S10). The corrected p value of the Spearmen’s correlation was .036, and the corrected 

partial p value was .045. No other significant correlations were found between any 

other SNP loads and any behavioural measures. There were no significant 

correlations (after FDR correction for multiple comparisons) observed between the 

control SNPs and any behavioural measures using both non-parametric or partial 

correlation analyses. These first-level results converge with the GLM and machine-

learning results presented in the article. 
 

 



 

 

  

Table S1. Control SNPs related to the dopamine system, language functions and/or disorders. Alleles are listed based on the latest 

dbSNP database published by the National Center for Biotechnology Information (US) for East Asians or are based on our current 

sample. 

Gene SNP Population Phenotype Allele 

frequen

cy in 

dbSNP 

databas

e 

Allele 

freque

ncy in 

our 

sample 

N of cases for each 

genotype in our sample 

Total 

N of 

Cases 

References 

CNTNAP2 rs10246256 European (UK) Expressive 

and receptive 

language 

abilities (E & 

R); Non-word 

repetition 

(NR) 

T=.653; 

C=.347 

T=.683; 

C=.317 

TT=17

8 

TC=223 CC=23 424 28 

 

CNTNAP2 rs2538976 Han Chinese Speech sound 

disorder 

T=.574; 

C=.426 

T=.560;  

C=.440 

TT=13

7 

TC=201 CC=86 424 62 

CNTNAP2 rs2538991 European 

(UK) 

E&R; NR C=.631; 

A=.369 

C=.640; 

A=.360 

CC=16

6 

CA=211 AA=47 424 28 

CNTNAP2 rs2710102 Han Chinese 

 

Speech sound 

disorder 

G=.633; 

A=.367 

G=.640; 

A=.360 

GG=16

6 

GA=211 AA=47 423 62 

CNTNAP2 rs2710117 European 

(Australian) 

E & R; NR A=.641; 

T=.359 

A=.652; 

T=.348 

AA=17

2 

AT=209 TT=43 424 63 

CNTNAP2 rs759178 European 

(Australian) 

E & R; NR C=.632; 

A=.368 

C=.640; 

A=.360 

CC=16

6 

CA=211 AA=47 424 63 

CNTNAP2 rs851715 European 

(Australian); 

E & R; NR T=.645; 

C=.355 

T=.652; 

C=.348 

TT=17

1 

TC=211 CC=42 424 63 

ATP2C2 rs11860694 Europeans 

(UK) 

 

Phonological 

short-term 

memory; 

dyslexia; 

G=.727; 

C=.273 

G=.738; 

C=.262 

GG=22

8 

GC=170 CC=26 424 29 

DRD1 rs4532 Various 

 

Executive 

Function 

T=.846; 

C=.154 

T=.846;  

C=.154 

TT=30

9 

TC=99 CC=16 424 31, 64 

DRD2 rs6277 European 

(American); 

European 

(Italian) 

Working 

memory 

G=.938; 

A=.062 

G=.926; 

A=.074 

GG=36

6 

GA=53 AA=5 424 65, 66, 67 

COMT rs4680 European 

(Spanish); 

Han Chinese 

Hippocampal 

volume; brain 

dopamine 

level 

breakdown 

G=.720; 

A=.280 

G=.715; 

A=.285 

GG=21

1 

GA=176 AA=31 418 68, 69, 70 

CMIP rs6564903 European 

(UK) 

Reading 

related traits; 

dyslexia short 

term memory 

T=.795; 

C=.205 

T=.804; 

C=.196 

TT=27

3 

TC=134 CC=16 423 28 

FOXP2 rs6980093 Han Chinese Speech 

production; 

sensorimotor 

control 

A=.574; 

G=.426 

A=.626; 

G=.374 

AA=16

3 

AG=196 

 

GG=58 417 71 



Table S2. Summary of the multiple linear regression model with musical pitch as the 

dependent variable and the hypothesised SNPs as independent variables. Variables 

listed in the first column are independent variables. R-squared = .052 (Adjusted R-squared = 

.020); p of this model = .072. * indicates p < .05 (uncorrected); ‡ represents significant 

associations after FDR corrections for multiple comparisons. 

 Beta p Corrected p Partial Eta Squared 

Age .002 .616 1.001 .001 

Gender -.005 .692 .900 .000 

IQ .000 .735 .796 .000 

Music Year .003 .003*‡ .039 .023 

rs1057090 -.002 .851 .851 .000 

rs11779303 -.035 .083 .360 .008 

rs93055 .015 .204 .663 .004 

rs2816517 -.026 .030 .195 .012 

rs41310927 -.005 .704 .832 .000 

rs1888893 .048 .397 1.032 .002 

rs4836819 .027 .631 .911 .001 

rs7859743 -.044 .441 .956 .002 

rs914592 -.033 .577 1.072 .001 

  



 

Table S3. Summary of the multiple linear regression model with rhythm as the 

dependent variable and the hypothesised SNPs as independent variables. Variables listed 

in the first column are independent variables. R-squared = .063 (Adjusted R-squared = .032); 

p of this model = .018. * indicates p < .05 (uncorrected). 

 Beta p Corrected p Partial Eta Squared 

Age .001 .792 1.030 .000 

Gender .034 .060 .260 .009 

IQ .002 .008* .104 .018 

Music Year .003 .017* .111 .014 

rs1057090 .000 .984 .984 .000 

rs11779303 -.037 .162 .301 .005 

rs930557 .017 .256 .370 .003 

rs281651 .004 .798 .943 .000 

rs41310927 .003 .869 .941 .000 

rs1888893 .113 .125 .325 .006 

rs4836819 -.135 .071 .231 .008 

rs7859743 .115 .127 .275 .006 

rs914592 -.100 .194 .315 .004 

  



 

Table S4. Summary of the multiple linear regression model with working memory as 

the dependent variable and the hypothesised SNPs as independent variables. Variables 

listed in the first column are independent variables. R-squared = .041 (Adjusted R-squared = 

.007); p of this model = .259. 

 Beta p Corrected p Partial Eta Squared 

Age .005 .570 0.926 .001 

Gender -.026 .341 0.887 .002 

IQ .001 .313 1.356 .003 

Music Year .002 .309 2.009 .003 

rs1057090 -.022 .317 1.030 .003 

rs11779303 .023 .584 .759 .001 

rs930557 .008 .736 .797 .000 

rs2816517 -.054 .023 .299 .014 

rs41310927 -.013 .580 .838 .001 

rs1888893 -.069 .528 .981 .001 

rs4836819 -.038 .736 .870 .000 

rs7859743 -.023 .836 .836 .000 

rs914592 .090 .433 .938 .002 

  



 

Table S5. Summary of the multiple linear regression model with lexical tone as the 

dependent variable and the control SNPs as independent variables. Variables listed in the 

first column are independent variables. The list of control SNPs was used as independent 

variables (see Table S1). R-squared = .182 (Adjusted R-squared = .149); p of this model < 

.001. Due to the identical distribution of allele frequencies for SNPs rs253891, rs2710102 and 

rs759178, the parameters for rs2710102 and rs759178 were not estimated, similarly for Table 

S6, S7, and S8. 

 

 Beta p Corrected p Partial Eta Squared 

Age -.005 .156 .468 .005 

Gender -.013 .322 .690 .003 

IQ .002 <.001 .003 .033 

Music Year .007 .000 .000 .120 

rs10246256 -.034 .404 .758 .002 

rs2538976 .004 .750 .804 .000 

rs2538991 .053 .155 .581 .005 

rs2710102 . . . . 

rs2710117 -.056 .087 .435 .008 

rs759178 . . . . 

rs851715 .042 .292 .730 .003 

rs11860694 .001 .933 .933 .000 

rs4532 .006 .630 .788 .001 

rs6277 -.010 .540 .900 .001 

rs4680 .004 .691 .797 .000 

rs6564903 -.006 .559 .839 .001 

rs6980093 -.005 .609 .831 .001 

  



 

Table S6. Summary of the multiple linear regression model with musical pitch as the 

dependent variable and the control SNPs as independent variables. Variables listed in the 

first column are independent variables. The list of control SNPs was used as independent 

variables (see Table S1). R-squared = .054 (Adjusted R-squared = .017); p of this model = 

.122. 

 Beta p Corrected p Partial Eta Squared 

Age .002 .560 .764 .001 

Gender -.005 .744 .930 .000 

IQ .000 .524 .786 .001 

Music Year .003 .007 .105 .019 

rs10246256 .064 .159 .397 .005 

rs2538976 .004 .788 .909 .000 

rs2538991 .095 .024 .180 .013 

rs2710102 . .  . 

rs2710117 -.083 .024 .120 .013 

rs759178 . .  . 

rs851715 -.073 .102 .382 .007 

rs11860694 -.017 .151 .453 .005 

rs4532 -.009 .465 .775 .001 

rs6277 .002 .899 .899 .000 

rs4680 .008 .463 .868 .001 

rs6564903 .002 .889 .952 .000 

rs6980093 .009 .457 .979 .001 

  



 

Table S7. Summary of the multiple linear regression model with rhythm as the 

dependent variable and the control SNPs as independent variables. Variables listed in the 

first column are independent variables. The list of control SNPs was used as independent 

variables (see Table S1). R-squared = .078 (Adjusted R-squared = .042); p of this model =.07. 

 Beta p Corrected p Partial Eta Squared 

Age .000 .928 .928 .000 

Gender .028 .124 .372 .006 

IQ .002 .012 .090 .016 

Music Year .003 .041 .153 .011 

rs10246256 .143 .016 .080 .015 

rs2538976 -.014 .404 .551 .002 

rs2538991 .063 .243 .521 .004 

rs2710102 . . . . 

rs2710117 -.066 .166 .415 .005 

rs759178 . . . . 

rs851715 -.168 .004 .060 .022 

rs11860694 .011 .455 .569 .001 

rs4532 -.015 .364 .607 .002 

rs6277 .021 .350 .656 .002 

rs4680 -.007 .643 .742 .001 

rs6564903 .014 .386 .579 .002 

rs6980093 -.006 .669 .717 .000 



 

Table S8. Summary of the multiple linear regression model with working memory as the 

dependent variable and the control SNPs as independent variables. Variables listed in the 

first column are independent variables. The list of control SNPs was used as independent 

variables (see Table S1). R-squared = .037 (Adjusted R-squared = -.002); p of this model = 

.512. 

 Beta p Corrected p Partial Eta Squared 

Age .006 .445 .834 .002 

Gender -.038 .175 1.312 .005 

IQ .001 .422 .904 .002 

Music Year .002 .407 1.018 .002 

rs10246256 -.085 .336 1.008 .003 

rs2538976 -.003 .899 .899 .000 

rs2538991 .032 .707 .964 .000 

rs2710102 . . . . 

rs2710117 .040 .588 .882 .001 

rs759178 . . . . 

rs851715 .013 .877 .940 .000 

rs11860694 .048 .035 .525 .012 

rs4532 -.030 .232 1.160 .004 

rs6277 -.035 .318 1.193 .003 

rs4680 .014 .522 .870 .001 

rs6564903 .004 .854 .985 .000 

rs6980093 .005 .834 1.043 .000 

  



 

 

 

  

Table S9 Partial correlations between the minor allele loads of the hypothesised SNPs and behavioural measures, 

controlling for age, gender, IQ and years of musical training. * indicates p < 0.05 (uncorrected); ‡ represents 

significant correlations after FDR corrections of multiple comparisons. The p values reported here are uncorrected. 

SNP Tone Musical pitch Rhythm Working memory 

 

Partial 

correlation 
p 

Partial 

correlation 
p 

Partial 

correlation 
p 

Partial 

correlation 
p 

rs1057090  .069 .178 -.003 .956 .012 .812 -.074 .147 

rs11779303 -.018 .727 -.080 .108 -.079 .115 .049 .340 

rs930557 .011 .825 .055 .275 .064 .203 .072 .159 

rs2816517 .015 .771 -.105 .035 -.020 .684 -.105 .040* 

rs41310927 -.142 .005*‡  -.018 .715 .032 .525 .003 .957 

rs1888893 .077 .130 .026 .609 .004 .932 -.079 .121 

rs4836819 .094 .065 .009 .858 -.014 .786 -.093 .068 

rs7859743 .098 .055 -.003 .959 -.001 .978 -.098 .055 

rs914592  .045 .382 .032 .524 -.003 .960 -.065 .203 

 



  

Table S10. Non-parametric Spearman’s correlations between minor allele loads of the hypothesised 

SNPs and behavioural measures. * indicates p < .05 (uncorrected); ‡ represents significant correlations after 

FDR corrections of multiple comparisons. The p values reported here are uncorrected. 

SNP Tone Musical pitch Rhythm 
Working 

memory 

 

Spearman's 

rho 
p 

Spearma

n's rho 
p 

Spearm

an's rho 
p 

Spearm

an's rho 
p 

rs1057090  .012 .817 -.019 .702 -.017 .733 -.092 .066 

rs11779303 -.042 .393 -.099 .045* -.083 .092 .032 .521 

rs930557 -.034 .496 .059 .232 .039 .433 .016 .756 

rs2816517 .034 .494 -.110 .024* .002 .960 -.093 .065 

rs41310927 -.141 .004*‡ -.030 .544 .005 .924 -.035 .488 

rs1888893 .014 .784 .032 .510 .020 .683 -.045 .374 

rs4836819 .020 .693 -.007 .890 -.011 .826 -.057 .258 

rs7859743 .020 .683 -.018 .720 .001 .976 -.061 .222 

rs914592  .030 .546 .027 .578 .008 .872 -.038 .448 

 



 

Fig. S1. Histograms of performance of the four behavioural tasks. The tasks include lexical tone perception, 

musical pitch perception, rhythm perception, and running working memory.  

 

  



 

Fig. S2. Spearman’s correlations of demographic variables and performance on the four behavioural 

tasks.  *p < .05 (uncorrected)  **p < .05 (corrected)  



 

 

Fig. S3. Linkage disequilibrium (LD) among SNPs on the same chromosome. r2 values were color-coded. 
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