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Table S1. a{¢Ωǎ false discovery rates (FDR) of testing GxE for individual traits, when GxE influenced the first 

trait (n = 93,708, exposure prevalence = 0.2) 

 

bƻǘŜΥ ¦{¢Ωǎ C5w ƻŦ ǘŜǎǘƛƴƎ DȄ9 ŦƻǊ ƛƴŘƛǾƛŘǳŀƭ ǘǊŀƛǘǎ ǿŜǊŜ ŀƭƭ лΦ 
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ώлΦлрΣ лΦмлύ лΦллнн  лΦллмр  лΦллну  лΦллмм  лΦлллт  лΦллнн  лΦлллл  лΦлллс  

ώлΦмлΣ лΦмрύ лΦллмн  лΦлллс  лΦлллн  лΦлллт  лΦллмл  лΦлллт  лΦлллп  лΦллмл  

ώлΦмрΣ лΦнлύ лΦлллс  лΦлллн  лΦлллр  лΦллло  лΦлллс  лΦлллр  лΦлллр  лΦлллт  

ώлΦнлΣ лΦнрύ лΦллло  лΦлллн  лΦлллр  лΦлллп  лΦллло  лΦлллр  лΦлллс  лΦлллр  

ώлΦнрΣ лΦолύ лΦлллп  лΦлллп  лΦллло  лΦлллр  лΦллло  лΦлллр  лΦлллс  лΦлллс  

ώлΦолΣ лΦорύ лΦлллп  лΦллло  лΦлллн  лΦлллп  лΦлллп  лΦлллм  лΦлллс  лΦлллп  

ώлΦорΣ лΦплύ лΦлллр  лΦлллп  лΦлллп  лΦлллн  лΦлллп  лΦллло  лΦлллп  лΦлллп  

ώлΦплΣ лΦпрύ лΦлллп  лΦлллр  лΦлллр  лΦлллп  лΦллло  лΦлллт  лΦлллп  лΦлллп  

ώлΦпрΣ лΦрлϐ лΦлллн  лΦлллн  лΦлллн  лΦлллп  лΦлллр  лΦлллп  лΦллло  лΦлллт  

 

 

Table S2. a{¢Ωǎ false discovery rates (FDR) of testing GxE for individual traits, when GxE influenced the first 

and the second trait s (n = 93,708, exposure prevalence = 0.2) 

 

bƻǘŜΥ ¦{¢Ωǎ C5w ƻŦ ǘŜǎǘƛƴƎ DȄ9 ŦƻǊ ƛƴŘƛǾƛŘǳŀƭ ǘǊŀƛǘǎ ǿŜǊŜ ŀƭƭ лΦ
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лΦмнр 

ǎŜŎƻƴŘ 

/ƘƛπǎǉǳŀǊŜŘ ŘƛǎǘǊƛōǳǘƛƻƴ ǿƛǘƘ 

ǘƘŜ ŘŜƎǊŜŜ ƻŦ ŦǊŜŜŘƻƳ м 

пнпΦтф 

aō 

птфΦнп 

aō 

лΦлум 

ǎŜŎƻƴŘ 

лΦмнм 

ǎŜŎƻƴŘ 

нрΣнлл bƻǊƳŀƭ нусΦнт 

aō 

нфпΦтт 

aō 

лΦлнп 

ǎŜŎƻƴŘ 

лΦлоп 

ǎŜŎƻƴŘ 

/ƘƛπǎǉǳŀǊŜŘ ŘƛǎǘǊƛōǳǘƛƻƴ ǿƛǘƘ 

ǘƘŜ ŘŜƎǊŜŜ ƻŦ ŦǊŜŜŘƻƳ м 

нутΦлп 

aō 

нфсΦст 

aō 

лΦлнп 

ǎŜŎƻƴŘ 

лΦлос 

ǎŜŎƻƴŘ 

 

Table S3. Average memory usage and time consumption of MST and UST (simulation data of exposure 

prevalence = 0.2 & 0.5 were combined together) 

 
м ¢ƘŜ ŀǾŜǊŀƎŜ ŜȄŜŎǳǘƛƻƴ ǘƛƳŜǎ ƻŦ a{¢ ŀƴŘ ¦{¢ ǿŜǊŜ ƳŜŀǎǳǊŜŘ ƛƴ w όǾŜǊǎƛƻƴ пΦнΦоύ ƻƴ ŀ ²ƛƴŘƻǿǎ ǎȅǎǘŜƳ 

ǊǳƴƴƛƴƎ ŀǘ оΦпл DIȊ ŀƴŘ сп D. ƻŦ w!aΦ 
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 {ƪŜǿƴŜǎǎ ό¢².н κ ¢².мύ 9ȄŎŜǎǎ ƪǳǊǘƻǎƛǎ Ґ ƪǳǊǘƻǎƛǎ π о 

ό¢².н κ ¢².мύ 

bƻǊƳŀƭ ŘƛǎǘǊƛōǳǘƛƻƴ л л 

/ƘƛπǎǉǳŀǊŜŘ ŘƛǎǘǊƛōǳǘƛƻƴ ǿƛǘƘ ǘƘŜ 

ŘŜƎǊŜŜ ƻŦ ŦǊŜŜŘƻƳ м 

ЍψҐнΦу мн 

5ŀǘŀ ŎƻƴǎƛŘŜǊŜŘ ƴƻǊƳŀƭƭȅ 

ŘƛǎǘǊƛōǳǘŜŘ мΣ н 

.ŜǘǿŜŜƴ πн ǘƻ Ҍн .ŜǘǿŜŜƴ πт ǘƻ Ҍт 

с ƭǳƴƎ ŦǳƴŎǘƛƻƴ ǘǊŀƛǘǎ 

Ǿƛǘŀƭ ŎŀǇŀŎƛǘȅ лΦмн κ лΦос лΦфу κ мΦрл 

ǘƛŘŀƭ ǾƻƭǳƳŜ  лΦфу κ мΦлп мΦрс κ мΦпс 

ƛƴǎǇƛǊŀǘƻǊȅ ǊŜǎŜǊǾŜ ǾƻƭǳƳŜ лΦнл κ лΦнл лΦпт κ лΦоф 

ŜȄǇƛǊŀǘƻǊȅ ǊŜǎŜǊǾŜ ǾƻƭǳƳŜ  лΦсо κ лΦсс лΦум κ лΦфо 

ŦƻǊŎŜŘ Ǿƛǘŀƭ ŎŀǇŀŎƛǘȅ όC±/ύ  лΦло κ лΦно мΦлф κ мΦсп 

ŦƻǊŎŜŘ ŜȄǇƛǊŀǘƻǊȅ ǾƻƭǳƳŜ ƛƴ м 

ǎŜŎƻƴŘ όC9±мύ 

πлΦтн κ πлΦпр мΦнп κ лΦпн 

п ƭƛǇƛŘ ǘǊŀƛǘǎ 

ƘƛƎƘπŘŜƴǎƛǘȅ ƭƛǇƻǇǊƻǘŜƛƴ 

ŎƘƻƭŜǎǘŜǊƻƭ όI5[ύ 

лΦрф κ лΦсп лΦтт κ мΦлл 

ƭƻǿπŘŜƴǎƛǘȅ ƭƛǇƻǇǊƻǘŜƛƴ 

ŎƘƻƭŜǎǘŜǊƻƭ ό[5[ύ 

лΦот κ лΦоу лΦрр κ лΦрф 

ǘƻǘŀƭ ŎƘƻƭŜǎǘŜǊƻƭ ό¢/Ihύ лΦпо κ лΦпо лΦсо κ лΦрт 

ǘǊƛƎƭȅŎŜǊƛŘŜ ό¢Dύ нΦлн κ мΦфм сΦфо κ сΦнл 

р ƻōŜǎƛǘȅ ǘǊŀƛǘǎ 

ōƻŘȅ Ƴŀǎǎ ƛƴŘŜȄ ό.aLύ лΦуу κ лΦту мΦпу κ мΦну 

ōƻŘȅ Ŧŀǘ ǇŜǊŎŜƴǘŀƎŜ ό.Ctύ  лΦну κ лΦоо лΦто κ лΦуф 

ǿŀƛǎǘ ŎƛǊŎǳƳŦŜǊŜƴŎŜ ό²/ύ  лΦсл κ лΦрс лΦфо κ лΦуф 

ƘƛǇ ŎƛǊŎǳƳŦŜǊŜƴŎŜ όI/ύ лΦсф κ лΦсл мΦол κ мΦлу 

ǿŀƛǎǘπƘƛǇ Ǌŀǘƛƻ ό²Iwύ лΦнм κ лΦнм лΦнп κ лΦот 

р ōƭƻƻŘ ǘǊŀƛǘǎ 

ǊŜŘ ōƭƻƻŘ ŎŜƭƭǎ όw./ύ лΦфп κ лΦфо нΦсу κ нΦтс 

ǿƘƛǘŜ ōƭƻƻŘ ŎŜƭƭǎ ό²./ύ лΦсн κ лΦсс мΦлт κ мΦмл 

ǇƭŀǘŜƭŜǘǎ лΦро κ лΦрп мΦнт κ мΦмф 

ƘŜƳƻƎƭƻōƛƴ όI.ύ πлΦфл κ πлΦтф нΦмр κ мΦфо 

ƘŜƳŀǘƻŎǊƛǘ όI/¢ύ πлΦпу κ πлΦнм мΦрп κ мΦмм 

о ƪƛŘƴŜȅ ǘǊŀƛǘǎ 

/ǊŜŀǘƛƴƛƴŜ мΦмф κ мΦпр сΦпр κ уΦтн 

ǳǊƛŎ ŀŎƛŘ ό¦!ύ лΦоп κ лΦоп мΦлп κ мΦмт 
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ōƭƻƻŘ ǳǊŜŀ ƴƛǘǊƻƎŜƴ лΦто κ лΦтп мΦол κ мΦпм 

н ƭƛǾŜǊ ǘǊŀƛǘǎ 

ǘƻǘŀƭ ōƛƭƛǊǳōƛƴ ό¢.ύ мΦнп κ мΦнт нΦсф κ нΦуу 

ŀƭōǳƳƛƴ πлΦму κ πлΦмн лΦрт κ лΦсп 

н ƘȅǇŜǊǘŜƴǎƛƻƴ ǘǊŀƛǘǎ 

ŘƛŀǎǘƻƭƛŎ ōƭƻƻŘ ǇǊŜǎǎǳǊŜ  лΦро κ лΦпо лΦтр κ лΦсл 

ǎȅǎǘƻƭƛŎ ōƭƻƻŘ ǇǊŜǎǎǳǊŜ  лΦтн κ лΦсп мΦнл κ мΦлн 

н ŘƛŀōŜǘŜǎ ǘǊŀƛǘǎ 

ŦŀǎǘƛƴƎ ƎƭǳŎƻǎŜ όCDύ нΦул κ нΦут моΦто κ мпΦлт 

ƎƭȅŎŀǘŜŘ ƘŜƳƻƎƭƻōƛƴ όIō!мŎύ нΦну κ нΦнф млΦоу κ млΦнп 

 

 

Table S4. Skewness and excess kurtosis of the 29 Taiwan Biobank continuous traits (traits have been 

adjusted for genotypes and covariates) 

м .ȅǊƴŜΣ .Φ aΦ όнлмлύΦ {ǘǊǳŎǘǳǊŀƭ Ŝǉǳŀǘƛƻƴ ƳƻŘŜƭƛƴƎ ǿƛǘƘ !ah{Υ .ŀǎƛŎ ŎƻƴŎŜǇǘǎΣ ŀǇǇƭƛŎŀǘƛƻƴǎΣ ŀƴŘ 

ǇǊƻƎǊŀƳƳƛƴƎΦ bŜǿ ¸ƻǊƪΥ wƻǳǘƭŜŘƎŜΦ 
н IŀƛǊΣ WΦΣ .ƭŀŎƪΣ ²Φ /ΦΣ .ŀōƛƴΣ .Φ WΦ ϧ !ƴŘŜǊǎƻƴΣ wΦ 9Φ όнлмлύ aǳƭǘƛǾŀǊƛŀǘŜ Řŀǘŀ ŀƴŀƭȅǎƛǎ όтǘƘ ŜŘΦύΦ ¦ǇǇŜǊ {ŀŘŘƭŜ 

wƛǾŜǊΣ bŜǿ WŜǊǎŜȅΥ tŜŀǊǎƻƴ 9ŘǳŎŀǘƛƻƴŀƭ LƴǘŜǊƴŀǘƛƻƴŀƭΦ 
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Four lipids traits  

Chr. BP SNP MAF 

(TWB2 / 

TWB1) 

Gene MST p (TWB2 / 

TWB1) 1 

HDL UST p 2 LDL UST p 2 TCHO UST p 2 TG UST p 2  

2 21024193 rs57825321 0.148 / 0.146 APOB 3.3E-22 / 1.0E-5 6.8E-3 / 0.89 6.7E-25 / 1.8E-7 9.3E-16 / 3.8E-6 0.03 / 0.03  

11 116792991 rs662799 0.274 / 0.275 APOA5 7.8E-215 / 1.9E-70 0.01 / 0.09 5.5E-12 / 1.9E-3 1.7E-12 / 2.3E-3 9.9E-213 / 

4.0E-73 

 

15 58431476 rs1800588 0.359 / 0.358 LIPC 1.3E-14 / 2.3E-4 9.1E-12 / 1.2E-5 0.96 / 0.55 1.6E-3 / 0.06 3.6E-3 / 0.71  

16 56956804 rs247617 0.161 / 0.160 CETP 6.3E-44 / 1.6E-7 2.7E-48 / 1.6E-8 0.32 / 0.20 0.08 / 0.18 0.15 / 0.05  

19 44912921 rs483082 0.175 / 0.173 APOC1 1.1E-114 / 3.2E-33 6.1E-5 / 0.09 7.1E-60 / 7.3E-

15 

5.0E-19 / 6.7E-3 3.2E-27 / 4.2E-

8 3 

 

19 44913484 rs438811 0.175 / 0.173 APOC1 9.4E-115 / 2.2E-33 5.5E-5 / 0.09 6.8E-60 / 6.6E-

15 4 

5.2E-19 / 6.7E-3 3.4E-27 / 4.2E-

8 

 

Five blood traits 

Chr. BP SNP MAF 

(TWB2 / 

TWB1) 

Gene MST p (TWB2 / 

TWB1) 1 

RBC UST p 2 WBC UST p 2 Platelet UST p 2 HB UST p 2 HCT UST p 2 

16 250642 rs9940149 0.446 / 0.449 FAM234A 3.4E-137 / 3.7E-39 3.3E-136 / 3.8E-

44 

0.99 / 0.24 0.21 / 0.28 3.8E-3 / 6.4E-3 0.35 / 0.02 

16 344906 rs12925148 0.115 / 0.115 AXIN1 2.3E-14 / 2.4E-4 2.5E-18 / 6.4E-7 0.78 / 0.38 0.81 / 0.61 0.08 / 0.83 0.23 / 0.91 

16 418055 rs62030830 0.488 / 0.488 DECR2 1.2E-57 / 9.9E-16 9.7E-62 / 1.6E-

17 

0.57 / 0.39 0.80 / 0.47 0.10 / 0.31 0.67 / 0.21 

16 489429 rs2038228 0.437 / 0.441 RAB11FIP3 4.5E-38 / 1.1E-7 1.1E-39 / 6.2E-

11 

0.09 / 0.58 0.85 / 0.68 0.02 / 0.65 0.67 / 0.58 

16 595968 rs4144003 0.395 / 0.397 RAB40C 3.5E-41 / 1.5E-10 6.0E-46 / 3.8E-

12 

0.82 / 0.51 0.19 / 0.40 0.36 / 0.54 0.80 / 0.10 

Three kidney traits 

Chr. BP SNP MAF Gene MST p (TWB2 / Creatinine UST UA UST p 2 BUN UST p 2   
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(TWB2 / 

TWB1) 

TWB1) 1 p 2 

4 9995679 rs3733588 0.415 / 0.418 SLC2A9 3.7E-24 / 5.8E-5 0.82 / 0.38 1.6E-25 / 1.2E-5 0.54 / 0.76   

4 88122482 rs45499402 0.314 / 0.319 ABCG2 3.9E-62 / 3.4E-24 0.05 / 0.12 2.3E-62 / 3.9E-

27 

0.08 / 0.68   

Two liver traits  

Chr. BP SNP MAF 

(TWB2 / 

TWB1) 

Gene MST p (TWB2 / 

TWB1) 1 

TB UST p 2 Albumin UST p 

2 

   

2 233347393 rs13012213 0.177 / 0.179 SAG 7.9E-23 / 1.7E-5 8.7E-25 / 1.0E-6 0.63 / 0.94    

2 233679061 rs10202865 0.189 / 0.188 UGT1A10 4.6E-156 / 2.8E-52 1.3E-158 / 5.5E-

54 

0.48 / 0.48    

2 233715640 rs6749496 0.114 / 0.112 UGT1A10 0 / 7.9E-128 0 / 1.1E-130 0.05 / 0.80    

2 233841134 rs3821238 0.275 / 0.280 HJURP 4.9E-16 / 6.0E-6 3.3E-17 / 8.3E-7 0.27 / 0.53    

12 20844459 rs4341591 0.157 / 0.157 SLCO1B3 3.9E-21 / 1.6E-6 1.0E-22 / 2.0E-7 0.95 / 0.48    

 

Table S5. The 18 variance quantitative trait loci detected by UST (only 17 independent loci; APOC1 rs483082 [vQTL of TG] and APOC1 rs438811 

[vQTL of LDL] were highly correlated with r2 = 0.99). 

м a{¢ ǇπǾŀƭǳŜǎ ό¢².н κ ¢².мύ ǿŜǊŜ ƘƛƎƘƭƛƎƘǘŜŘ ƛƴ ōƻƭŘ ǘȅǇŜ ƛŦ ¢².н a{¢ Ǉ ғ нΦп9πф ŀƴŘ ¢².м a{¢ Ǉ ғ лΦлрκмΣтст Ґ нΦу9πрΦ 

н ¦{¢ ǇπǾŀƭǳŜǎ ό¢².н κ ¢².мύ ǿŜǊŜ ƘƛƎƘƭƛƎƘǘŜŘ ƛƴ ōƻƭŘ ǘȅǇŜ ƛŦ ¢².н ¦{¢ Ǉ ғ сΦт9πмл ŀƴŘ ¢².м ¦{¢ Ǉ ғ лΦлрκмΣфлп Ґ нΦс9πрΦ ¦{¢ ǇπǾŀƭǳŜǎ ό¢².н κ 

¢².мύ ǿŜǊŜ ƘƛƎƘƭƛƎƘǘŜŘ ƛƴ ȅŜƭƭƻǿ ƛŦ ǘƘŜ Ǿv¢[ ǿŀǎ ŘŜǘŜŎǘŜŘ ōŜŎŀǳǎŜ ƻŦ ǘƘŜ ǘǊŀƛǘΦ CǳǊǘƘŜǊ ŀƴŀƭȅǎƛǎ ŦƻǊ ǘƘŜǎŜ мф ǘǊŀƛǘπǾv¢[ ŎƻƳōƛƴŀǘƛƻƴǎ 

όŎƻǊǊŜǎǇƻƴŘƛƴƎ ǘƻ ǘƘŜ мф ȅŜƭƭƻǿ ŎŜƭƭǎ ƛƴ ǘƘƛǎ ǘŀōƭŜύ ƛǎ ǎƘƻǿƴ ƛƴ ǘƘŜ ǊƛƎƘǘ ŎƻƭǳƳƴ ƻŦ CƛƎǳǊŜ рΦ 
о Ǌǎпуолун όƛƴ !th/мύ ǿŀǎ ǎŜƭŜŎǘŜŘ ŀǎ ǘƘŜ Ǿv¢[ ƻŦ ¢DΦ !ƭǘƘƻǳƎƘ ¦{¢ ǿŀǎ ŀƭǎƻ ǎƛƎƴƛŦƛŎŀƴǘ ŀǘ Ǌǎпоуумм όƛƴ !th/мύΣ ƛǘ ǿŀǎ ƴƻǘ ǎŜƭŜŎǘŜŘ ŀǎ ǘƘŜ Ǿv¢[ ƻŦ 

¢D ōŜŎŀǳǎŜ ƻŦ ǘƘŜ ƘƛƎƘ [5 ǿƛǘƘ Ǌǎпуолун όƛƴ !th/мύ όǊн Ґ лΦффύΦ 
п Ǌǎпоуумм όƛƴ !th/мύ ǿŀǎ ǎŜƭŜŎǘŜŘ ŀǎ ǘƘŜ Ǿv¢[ ƻŦ [5[Φ !ƭǘƘƻǳƎƘ ¦{¢ ǿŀǎ ŀƭǎƻ ǎƛƎƴƛŦƛŎŀƴǘ ŀǘ Ǌǎпуолун όƛƴ !th/мύΣ ƛǘ ǿŀǎ ƴƻǘ ǎŜƭŜŎǘŜŘ ŀǎ ǘƘŜ Ǿv¢[ ƻŦ 

[5[ ōŜŎŀǳǎŜ ƻŦ ǘƘŜ ƘƛƎƘ [5 ǿƛǘƘ Ǌǎпоуумм όƛƴ !th/мύ όǊн Ґ лΦффύΦ 
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Figure S1. The quantile-quantile (QQ) plots stratified by the nine ranges of MAFs (three traits from a 

multivariate normal distribution, exposure prevalence = 0.2, and n = 93,708). 
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Figure S2. The quantile-quantile (QQ) plots stratified by the nine ranges of MAFs (three traits, each from a 

Chi-squared distribution with the degree of freedom 1, exposure prevalence = 0.2, and n = 93,708). 
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Figure S3. The quantile-quantile (QQ) plots stratified by the nine ranges of MAFs (three traits from a 

multivariate normal distribution, exposure prevalence = 0.2, and n = 25,200). 
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Figure S4. The quantile-quantile (QQ) plots stratified by the nine ranges of MAFs (three traits, each from a 

Chi-squared distribution with the degree of freedom 1, exposure prevalence = 0.2, and n = 25,200). 
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Figure S5. The quantile-quantile (QQ) plots stratified by the nine ranges of MAFs (four traits from a 

multivariate normal distribution, exposure prevalence = 0.2, and n = 93,708). 
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Figure S6. The quantile-quantile (QQ) plots stratified by the nine ranges of MAFs (four traits, each from a 

Chi-squared distribution with the degree of freedom 1, exposure prevalence = 0.2, and n = 93,708). 
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Figure S7. The quantile-quantile (QQ) plots stratified by the nine ranges of MAFs (four traits from a 

multivariate normal distribution, exposure prevalence = 0.2, and n = 25,200). 
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Figure S8. The quantile-quantile (QQ) plots stratified by the nine ranges of MAFs (four traits, each from a 

Chi-squared distribution with the degree of freedom 1, exposure prevalence = 0.2, and n = 25,200). 
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Figure S9. Power and false discovery rate (FDR) of testing GxE for individual traits, when GxE influenced the 

first trait (three traits, each from a Chi-squared distribution with the degree of freedom 1, exposure 

prevalence = 0.2, and n = 93,708). 

 



25 

 

 

Figure S10. Power and false discovery rate (FDR) of testing GxE for individual traits, when GxE influenced the 

first and the second trait s (three traits, each from a Chi-squared distribution with the degree of freedom 1, 

exposure prevalence = 0.2, and n = 93,708). 
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Figure S11. Power of testing GxE for individual traits, when GxE influenced all three trait s (three traits, each 

from a Chi-squared distribution with the degree of freedom 1, exposure prevalence = 0.2, and n = 93,708). 
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Figure S12. Power and false discovery rate (FDR) of testing GxE for individual traits, when GxE influenced the 

first trait (three traits from a multivariate normal distribution, exposure prevalence = 0.5, and n = 93,708). 

 
Figure S13. Power and false discovery rate (FDR) of testing GxE for individual traits, when GxE influenced the 

first trait (three traits, each from a Chi-squared distribution with the degree of freedom 1, exposure 

prevalence = 0.5, and n = 93,708). 
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Figure S14. Power and false discovery rate (FDR) of testing GxE for individual traits, when GxE influenced the 

first and the second trait s (three traits from a multivariate normal distribution, exposure prevalence = 0.5, 

and n = 93,708).  

 

Figure S15. Power and false discovery rate (FDR) of testing GxE for individual traits, when GxE influenced the 

first and the second trait s (three traits, each from a Chi-squared distribution with the degree of freedom 1, 

exposure prevalence = 0.5, and n = 93,708).  
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Figure S16. Power of testing GxE for individual traits, when GxE influenced all three trait s (three traits from 

a multivariate normal distribution, exposure prevalence = 0.5, and n = 93,708).  

 

Figure S17. Power of testing GxE for individual traits, when GxE influenced all three trait s (three traits, each 

from a Chi-squared distribution with the degree of freedom 1, exposure prevalence = 0.5, and n = 93,708).  
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Figure S18. Power and false discovery rate (FDR) of testing GxE for individual traits, when GxE influenced the 

first trait  (three traits from a multivariate normal distribution, exposure prevalence = 0.2, and n = 25,200). 

Some FDR levels were missing values due to no discoveries. 

 

Figure S19. Power and false discovery rate (FDR) of testing GxE for individual traits, when GxE influenced the 

first trait  (three traits, each from a Chi-squared distribution with the degree of freedom 1, exposure 

prevalence = 0.2, and n = 25,200). Some FDR levels were missing values due to no discoveries. 
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Figure S20. Power and false discovery rate (FDR) of testing GxE for individual traits, when GxE influenced the 

first and the second trait s (three traits from a multivariate normal distribution, exposure prevalence = 0.2, 

and n = 25,200). Some FDR levels were missing values due to no discoveries. 

 

Figure S21. Power and false discovery rate (FDR) of testing GxE for individual traits, when GxE influenced the 

first and the second trait s (three traits, each from a Chi-squared distribution with the degree of freedom 1, 

exposure prevalence = 0.2, and n = 25,200). Some FDR levels were missing values due to no discoveries. 
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Figure S22. Power of testing GxE for individual traits, when GxE influenced all three trait s (three traits from 

a multivariate normal distribution, exposure prevalence = 0.2, and n = 25,200).  

 
Figure S23. Power of testing GxE for individual traits, when GxE influenced all three trait s (three traits, each 

from a Chi-squared distribution with the degree of freedom 1, exposure prevalence = 0.2, and n = 25,200).  

 



33 

 
Figure S24. Power and false discovery rate (FDR) of testing GxE for individual traits, when GxE influenced the 

first trait  (three traits from a multivariate normal distribution, exposure prevalence = 0.5, and n = 25,200). 

Some FDR levels were missing values due to no discoveries. 

 

Figure S25. Power and false discovery rate (FDR) of testing GxE for individual traits, when GxE influenced the 

first trait  (three traits, each from a Chi-squared distribution with the degree of freedom 1, exposure 

prevalence = 0.5, and n = 25,200). Some FDR levels were missing values due to no discoveries. 
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Figure S26. Power and false discovery rate (FDR) of testing GxE for individual traits, when GxE influenced the 

first and the second trait s (three traits from a multivariate normal distribution, exposure prevalence = 0.5, 

and n = 25,200).  

 

Figure S27. Power and false discovery rate (FDR) of testing GxE for individual traits, when GxE influenced the 

first and the second trait s (three traits, each from a Chi-squared distribution with the degree of freedom 1, 

exposure prevalence = 0.5, and n = 25,200).  
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Figure S28. Power of testing GxE for individual traits, when GxE influenced all three trait s (three traits from 

a multivariate normal distribution, exposure prevalence = 0.5, and n = 25,200).  

 
Figure S29. Power of testing GxE for individual traits, when GxE influenced all three trait s (three traits, each 

from a Chi-squared distribution with the degree of freedom 1, exposure prevalence = 0.5, and n = 25,200).  
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Figure S30. Power and false discovery rate (FDR) of testing GxE for individual traits, when GxE influenced the 

first trait (four traits from a multivariate normal distribution, exposure prevalence = 0.2, and n = 93,708). 

Each point was calculated based on 10,000 replications. The title of each plot represents 

ⱬ ȟⱬ ȟⱬ ȟⱬ ȟⱬ ȟⱬ , where ⱬ◊○ denotes the correlation between the uth and the vth traits, and u, v ᶰ

ȟȟȟ . 
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Figure S31. Power and false discovery rate (FDR) of testing GxE for individual traits, when GxE influenced the 

first trait (four traits, each from a Chi-squared distribution with the degree of freedom 1, exposure 

prevalence = 0.2, and n = 93,708). Each point was calculated based on 10,000 replications. The title of each 

plot represents ⱬ ȟⱬ ȟⱬ ȟⱬ ȟⱬ ȟⱬ , where ⱬ◊○ denotes the correlation between the uth and the vth 

traits, and u, v ᶰ ȟȟȟ . 
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Figure S32. Power and false discovery rate (FDR) of testing GxE for individual traits, when GxE influenced the 

first and the second trait s (four traits from a multivariate normal distribution, exposure prevalence = 0.2, 

and n = 93,708). 

 

Figure S33. Power and false discovery rate (FDR) of testing GxE for individual traits, when GxE influenced the 

first and the second trait s (four traits, each from a Chi-squared distribution with the degree of freedom 1, 

exposure prevalence = 0.2, and n = 93,708). 
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Figure S34. Power and false discovery rate (FDR) of testing GxE for individual traits, when GxE influenced the 

first three trait s (four traits from a multivariate normal distribution, exposure prevalence = 0.2, and n = 

93,708). 

 

Figure S35. Power and false discovery rate (FDR) of testing GxE for individual traits, when GxE influenced the 

first three trait s (four traits, each from a Chi-squared distribution with the degree of freedom 1, exposure 

prevalence = 0.2, and n = 93,708). 
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Figure S36. Power of testing GxE for individual traits, when GxE influenced all four trait s (four traits from a 

multivariate normal distribution, exposure prevalence = 0.2, and n = 93,708). 

 
Figure S37. Power of testing GxE for individual traits, when GxE influenced all four trait s (four traits, each 

from a Chi-squared distribution with the degree of freedom 1, exposure prevalence = 0.2, and n = 93,708). 
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Figure S38. Power and false discovery rate (FDR) of testing GxE for individual traits, when GxE influenced the 

first trait (four traits from a multivariate normal distribution, exposure prevalence = 0.5, and n = 93,708). 

 
Figure S39. Power and false discovery rate (FDR) of testing GxE for individual traits, when GxE influenced the 

first trait (four traits, each from a Chi-squared distribution with the degree of freedom 1, exposure 

prevalence = 0.5, and n = 93,708). 
 
































