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• Often want to collect genomics sequencing data across 
different populations 
• E.g. cases & controls to understand a disease 
• E.g. different cancer types 

• Despite sequencing advances, scientists still often 
constrained by resources 

• Would like to know how much we’ll learn from a follow-up 
study given data from a (typically small) pilot study 
• Predict number of new genetic variants (points of 

difference relative to a reference genome) 
• Lots of methods to predict in one population. But can’t just 

group or separate two heterogeneous populations. 

• We provide: the first method to predict the number of 
new variants across and between two populations

Planning a new genetics study

[Camerlenghi+ 2024, Masoero+ 2022, Chakraborty+ 2019, Zou+ 2016, Gravel+ 2014, Ionita-Laza+ 2009]



Roadmap

• Setup: predicting the number of new variants 
• A Bayesian framework for one population 
• Natural extensions to two populations fail 
• Our new model for two populations 

• Desirable theoretical properties 
• Good performance on real genetics data
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Predicting the number of new variants
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<latexit sha1_base64="JzeGqJpo/nc4vOTsUGEfP6CmayI=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKVI9FLx4r2A9ol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5Bqw8GHu/NMDMvTAQ31vO+UGltfWNzq7xd2dnd2z+oHh51TJxqyto0FrHuhcQwwRVrW24F6yWaERkK1g2nt7nffWTa8Fg92FnCAknGikecEptLg8TwYbXm1b0F8F/iF6QGBVrD6udgFNNUMmWpIMb0fS+xQUa05VSweWWQGpYQOiVj1ndUEclMkC1uneMzp4xwFGtXyuKF+nMiI9KYmQxdpyR2Yla9XPzP66c2ug4yrpLUMkWXi6JUYBvj/HE84ppRK2aOEKq5uxXTCdGEWhdPxYXgr778l3Qu6n6j3ri/rDVvijjKcAKncA4+XEET7qAFbaAwgSd4gVck0TN6Q+/L1hIqZo7hF9DHNyfRjlU=</latexit>

 
<latexit sha1_base64="5bCyd0gYv8CeZMXZW/avxKBuZUk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHnCQsiMlQ8ohTglZq9XDEkPTLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIOMaORUsGmplxqWEDomQ9a1VJKYmSCbXzt1z6wycCOlbUl05+rviYzExkzi0HbGBEdm2ZuJ/3ndFKPrIOMySZFJulgUpcJF5c5edwdcM4piYgmhmttbXToimlC0AZVsCP7yy6ukdVH1a9Xa/WWlfpPHUYQTOIVz8OEK6nAHDWgChUd4hld4c5Tz4rw7H4vWgpPPHMMfOJ8/p4mPMw==</latexit>
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0
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         is a 
3-parameter 
beta process

<latexit sha1_base64="QOb7EeW/2JooK14DHqvAZHtBV8E=">AAAB83icbVBNS8NAEN34WetX1aOXxSLUS0lEqseiF48V7Ac0oWw2m3bpbhJ2Z4US+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MBNcg+t+O2vrG5tb26Wd8u7e/sFh5ei4o1OjKGvTVKSqFxLNBE9YGzgI1ssUIzIUrBuO72Z+94kpzdPkESYZCyQZJjzmlICVfF+aWuTDiAG5GFSqbt2dA68SryBVVKA1qHz5UUqNZAlQQbTue24GQU4UcCrYtOwbzTJCx2TI+pYmRDId5PObp/jcKhGOU2UrATxXf0/kRGo9kaHtlARGetmbif95fQPxTZDzJDPAErpYFBuBIcWzAHDEFaMgJpYQqri9FdMRUYSCjalsQ/CWX14lncu616g3Hq6qzdsijhI6RWeohjx0jZroHrVQG1GUoWf0it4c47w4787HonXNKWZO0B84nz+MhJFi</latexit>

µ(d✓)

[Teh and Gorur 2009, 
Broderick et al 2012]
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A Bayesian framework

• How to choose the rate measure          ? Desiderata: 
• A finite number of variants per sample: 
• There are always more variants to discover: 
• Power law growth (#variants/#samplespower → 1 a.s.) 
• Conjugate rate measure for practical computation 

• Bonus benefits: can vary sequencing depth, tradeoff 
quality (depth) vs. quantity (samples) under a fixed budget

<latexit sha1_base64="QOb7EeW/2JooK14DHqvAZHtBV8E=">AAAB83icbVBNS8NAEN34WetX1aOXxSLUS0lEqseiF48V7Ac0oWw2m3bpbhJ2Z4US+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MBNcg+t+O2vrG5tb26Wd8u7e/sFh5ei4o1OjKGvTVKSqFxLNBE9YGzgI1ssUIzIUrBuO72Z+94kpzdPkESYZCyQZJjzmlICVfF+aWuTDiAG5GFSqbt2dA68SryBVVKA1qHz5UUqNZAlQQbTue24GQU4UcCrYtOwbzTJCx2TI+pYmRDId5PObp/jcKhGOU2UrATxXf0/kRGo9kaHtlARGetmbif95fQPxTZDzJDPAErpYFBuBIcWzAHDEFaMgJpYQqri9FdMRUYSCjalsQ/CWX14lncu616g3Hq6qzdsijhI6RWeohjx0jZroHrVQG1GUoWf0it4c47w4787HonXNKWZO0B84nz+MhJFi</latexit>

µ(d✓)
<latexit sha1_base64="oogN6l0JMqFdTZhC4+zYYvp2h3I=">AAACDnicbZA7SwNBFIVn4yvGV9TSZjAEkibsWkQLi6CNZQTzgGwMs5PZZMjs7DJzNxBCOjsb/4oIFgaxtbYTf4e9k0ehiQcGPs65lzv3epHgGmz700qsrK6tbyQ3U1vbO7t76f2Dqg5jRVmFhiJUdY9oJrhkFeAgWD1SjASeYDWvdznJa32mNA/lDQwi1gxIR3KfUwLGaqWzLpfQsm8d7EKXAcFuEOfaM87jc2xiHwatdMYu2FPhZXDmkCnlv7/6T+O7civ94bZDGgdMAhVE64ZjR9AcEgWcCjZKubFmEaE90mENg5IETDeH03VGOGucNvZDZZ4EPHV/dwxJoPUg8ExlQKCrF7OJ+V/WiME/aw65jGJgks4G+bHAEOLJbXCbK0ZBDAwQqrj5K6ZdoggFc8GUOYKzuPIyVE8KTrFQvHYypQs0UxIdoWOUQw46RSV0hcqogii6R4/oBY2tB+vZerXeZqUJa95ziP7Iev8BhGmfpA==</latexit>R 1
0 ✓µ(d✓) < 1

<latexit sha1_base64="kS1B7xxkkyxOsxbK/iZHY+1wp80=">AAACB3icbVC7SgNBFJ2NrxhfUUtBBoOQNGHXItoIQRvLCOYB2RhmJ7PJkNnZZeZuIIR0afwVG4uICFb+gp34HfZOHoUmHrhwOOde7r3HiwTXYNufVmJldW19I7mZ2tre2d1L7x9UdBgryso0FKGqeUQzwSUrAwfBapFiJPAEq3rd64lf7TGleSjvoB+xRkDakvucEjBSM33scglN+97BbhBnWy50GJAcvsRG96HfTGfsvD0FXibOnGSKue+v3vhtVGqmP9xWSOOASaCCaF137AgaA6KAU8GGKTfWLCK0S9qsbqgkAdONwfSPIT41Sgv7oTIlAU/V3xMDEmjdDzzTGRDo6EVvIv7n1WPwLxoDLqMYmKSzRX4sMIR4EgpuccUoiL4hhCpubsW0QxShYKJLmRCcxZeXSeUs7xTyhVsnU7xCMyTRETpBWeSgc1REN6iEyoiiEXpEY/RsPVhP1ov1OmtNWPOZQ/QH1vsPSMuczQ==</latexit>R 1
0 µ(d✓) = 1

• Masoero et al 2022: state-of-the-art prediction for the 
number of new variants in one population. Model:

<latexit sha1_base64="kHxY6zgzP9ax0MhZcf9Dc01PXJQ=">AAAB73icbZC7SgNBFIbPeo3xFhVsbAaDYBV2LaJliI1lAuYCSQizk9lkyOzsOnNWCEtewsZCEVsL38InsLPxWZxcCk38YeDj/89hzjl+LIVB1/1yVlbX1jc2M1vZ7Z3dvf3cwWHdRIlmvMYiGemmTw2XQvEaCpS8GWtOQ1/yhj+8nuSNe66NiNQtjmLeCWlfiUAwitZqtnHAkXa9bi7vFtypyDJ4c8iXjqvf4r38UenmPtu9iCUhV8gkNabluTF2UqpRMMnH2XZieEzZkPZ5y6KiITeddDrvmJxZp0eCSNunkEzd3x0pDY0Zhb6tDCkOzGI2Mf/LWgkGV51UqDhBrtjsoyCRBCMyWZ70hOYM5cgCZVrYWQkbUE0Z2hNl7RG8xZWXoX5R8IqFYtXLl8owUwZO4BTOwYNLKMENVKAGDCQ8wBM8O3fOo/PivM5KV5x5zxH8kfP2A6/xk3U=</latexit>

✓1

<latexit sha1_base64="UGconVOUjSGOrvj+XLqAXo2JqKc=">AAAB73icbZC7SgNBFIZn4y3GW1SwsRkMglXYTREtQ2wsEzAXSJYwOzmbDJm9OHNWCEtewsZCEVsL38InsLPxWZxcCk38YeDj/89hzjleLIVG2/6yMmvrG5tb2e3czu7e/kH+8Kipo0RxaPBIRqrtMQ1ShNBAgRLasQIWeBJa3uh6mrfuQWkRhbc4jsEN2CAUvuAMjdXu4hCQ9Uq9fMEu2jPRVXAWUKic1L/Fe/Wj1st/dvsRTwIIkUumdcexY3RTplBwCZNcN9EQMz5iA+gYDFkA2k1n807ouXH61I+UeSHSmfu7I2WB1uPAM5UBw6Fezqbmf1knQf/KTUUYJwghn3/kJ5JiRKfL075QwFGODTCuhJmV8iFTjKM5Uc4cwVleeRWapaJTLpbrTqFSJXNlySk5IxfEIZekQm5IjTQIJ5I8kCfybN1Zj9aL9TovzViLnmPyR9bbD7F1k3Y=</latexit>

✓2

<latexit sha1_base64="hSdLDs9DZxSgryDe33SkA2/GxtY=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFcFVmXFSXRTcuW7AXaIeSSTNtbCYZkoxQhi7du3GhiFtfoc/hzmfwJUwvC239IfDx/+eQc04Qc6aN6345mZXVtfWN7GZua3tndy+/f1DXMlGE1ojkUjUDrClngtYMM5w2Y0VxFHDaCAY3k7zxQJVmUtyZYUz9CPcECxnBxlr1dqxZx+vkC27RnQotgzeHQvl4XP1+PBlXOvnPdleSJKLCEI61bnlubPwUK8MIp6NcO9E0xmSAe7RlUeCIaj+dTjtCZ9bpolAq+4RBU/d3R4ojrYdRYCsjbPp6MZuY/2WtxIRXfspEnBgqyOyjMOHISDRZHXWZosTwoQVMFLOzItLHChNjD5SzR/AWV16G+kXRKxVLVa9QvoaZsnAEp3AOHlxCGW6hAjUgcA9P8AKvjnSenTfnfVaaceY9h/BHzscPPPSSoQ==</latexit>

 1
<latexit sha1_base64="hdl6aGxOk655nTK26qhNG7Th2t8=">AAAB7XicbZDLSgMxFIbPeK31VnWpSLAIrspMF9Vl0Y3LFuwF2qFk0kwbm0mGJCOUoUv3blwo4tZX6HO48xl8CdPLQlt/CHz8/znknBPEnGnjul/Oyura+sZmZiu7vbO7t587OKxrmShCa0RyqZoB1pQzQWuGGU6bsaI4CjhtBIObSd54oEozKe7MMKZ+hHuChYxgY616O9asU+zk8m7BnQotgzeHfPlkXP1+PB1XOrnPdleSJKLCEI61bnlubPwUK8MIp6NsO9E0xmSAe7RlUeCIaj+dTjtC59bpolAq+4RBU/d3R4ojrYdRYCsjbPp6MZuY/2WtxIRXfspEnBgqyOyjMOHISDRZHXWZosTwoQVMFLOzItLHChNjD5S1R/AWV16GerHglQqlqpcvX8NMGTiGM7gADy6hDLdQgRoQuIcneIFXRzrPzpvzPitdceY9R/BHzscPPniSog==</latexit>
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<latexit sha1_base64="mK3M57xuNoz9q1jGMYtaaualsrI=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCxCBSmJSPVY9OKxgv2AJoTNdtsu3U3C7kQooScv/hUvHhTx6m/w5r9x2+ag1QcDj/dmmJkXJoJrcJwvq7C0vLK6VlwvbWxube/Yu3stHaeKsiaNRaw6IdFM8Ig1gYNgnUQxIkPB2uHoeuq375nSPI7uYJwwX5JBxPucEjBSYB96WcWDIQMS8FMv0TzgJ94k4NjTXOLALjtVZwb8l7g5KaMcjcD+9HoxTSWLgAqiddd1EvAzooBTwSYlL9UsIXREBqxraEQk0342e2OCj43Sw/1YmYoAz9SfExmRWo9laDolgaFe9Kbif143hf6ln/EoSYFFdL6onwoMMZ5mgntcMQpibAihiptbMR0SRSiY5EomBHfx5b+kdVZ1a9Xa7Xm5fpXHUUQH6AhVkIsuUB3doAZqIooe0BN6Qa/Wo/VsvVnv89aClc/so1+wPr4BQUqYXA==</latexit>

{(✓i, i)}i ⇠ Poisson point 
process with rate 
measure 

0 1

1

[Broderick 
et al 2018]

<latexit sha1_base64="caG4J+slLkyMX0VlPGjk7LWIOUA=">AAAB+3icbVBNS8NAEN34WetXrEcvi0Wol5KIVI9FLx4r2A9oQtlsNu3S3STsTsQS+le8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBVcg+N8W2vrG5tb26Wd8u7e/sGhfVTp6CRTlLVpIhLVC4hmgsesDRwE66WKERkI1g3GtzO/+8iU5kn8AJOU+ZIMYx5xSsBIA7viyawWejBiQM5x6KWaD+yqU3fmwKvELUgVFWgN7C8vTGgmWQxUEK37rpOCnxMFnAo2LXuZZimhYzJkfUNjIpn28/ntU3xmlBBHiTIVA56rvydyIrWeyMB0SgIjvezNxP+8fgbRtZ/zOM2AxXSxKMoEhgTPgsAhV4yCmBhCqOLmVkxHRBEKJq6yCcFdfnmVdC7qbqPeuL+sNm+KOEroBJ2iGnLRFWqiO9RCbUTRE3pGr+jNmlov1rv1sWhds4qZY/QH1ucPTICT+w==</latexit>

µ(d✓)d 

sa
m

pl
es



5

• Idea: treat the two populations as disjoint, with no shared 
variants. Apply one-population methods separately. 
• Problem: In real-life, there are shared variants. In fact, 

we’d like to predict how many in future samples. 
• Idea: group everything into a single population. 

• Problem: Populations exhibit different growth rates. 
• Idea: take an approach analogous to previous slide 

• A variant’s frequency in two populations: 
• Draw the tuples of variant frequencies from a Poisson 

point process with rate measure  
• A sample in population p exhibits variant i with 

probability equal to  
• But how to choose          ? 

• A natural idea: 

What about two+ populations?

<latexit sha1_base64="RS/T0eaS3rt5vl4mPPtZE6Uqc7A=">AAACAnicbVDLSsNAFJ3UV62vqCtxEyxC3ZREfC2LblxWsA9oQplMJu3QySTM3AglFDf+ihsXirj1K9z5N07aLLT1wDCHc+7l3nv8hDMFtv1tlJaWV1bXyuuVjc2t7R1zd6+t4lQS2iIxj2XXx4pyJmgLGHDaTSTFkc9pxx/d5H7ngUrFYnEP44R6ER4IFjKCQUt988AVaS1w/ZgHahzpL3NhSAFPTvpm1a7bU1iLxClIFRVo9s0vN4hJGlEBhGOleo6dgJdhCYxwOqm4qaIJJiM8oD1NBY6o8rLpCRPrWCuBFcZSPwHWVP3dkeFI5QvqygjDUM17ufif10shvPIyJpIUqCCzQWHKLYitPA8rYJIS4GNNMJFM72qRIZaYgE6tokNw5k9eJO3TunNRP787qzauizjK6BAdoRpy0CVqoFvURC1E0CN6Rq/ozXgyXox342NWWjKKnn30B8bnD6z2l6A=</latexit>

⌫(d✓)

<latexit sha1_base64="RS/T0eaS3rt5vl4mPPtZE6Uqc7A=">AAACAnicbVDLSsNAFJ3UV62vqCtxEyxC3ZREfC2LblxWsA9oQplMJu3QySTM3AglFDf+ihsXirj1K9z5N07aLLT1wDCHc+7l3nv8hDMFtv1tlJaWV1bXyuuVjc2t7R1zd6+t4lQS2iIxj2XXx4pyJmgLGHDaTSTFkc9pxx/d5H7ngUrFYnEP44R6ER4IFjKCQUt988AVaS1w/ZgHahzpL3NhSAFPTvpm1a7bU1iLxClIFRVo9s0vN4hJGlEBhGOleo6dgJdhCYxwOqm4qaIJJiM8oD1NBY6o8rLpCRPrWCuBFcZSPwHWVP3dkeFI5QvqygjDUM17ufif10shvPIyJpIUqCCzQWHKLYitPA8rYJIS4GNNMJFM72qRIZaYgE6tokNw5k9eJO3TunNRP787qzauizjK6BAdoRpy0CVqoFvURC1E0CN6Rq/ozXgyXox342NWWjKKnn30B8bnD6z2l6A=</latexit>

⌫(d✓)
<latexit sha1_base64="nSAYNEi8GlDPL8VTD6yrzWjHUJA=">AAACJnicbZDLSgMxFIYz9V5voy7dBIvQbspM8bYpiG5cVrC20ClDJpO2oZnMkJwRytCnceOruHFREXHno5iORbT1QMjP959Dcv4gEVyD43xYhaXlldW19Y3i5tb2zq69t3+v41RR1qSxiFU7IJoJLlkTOAjWThQjUSBYKxheT/3WA1Oax/IORgnrRqQveY9TAgb5dt2TaTn0gliEehSZK/NgwICMK7iOvSj1XePmxHcrOaj9gFrFt0tO1ckLLwp3JkpoVg3fnnhhTNOISaCCaN1xnQS6GVHAqWDjopdqlhA6JH3WMVKSiOlulq85xseGhLgXK3Mk4Jz+nshIpKdLmM6IwEDPe1P4n9dJoXfRzbhMUmCSfj/USwWGGE8zwyFXjIIYGUGo4uavmA6IIhRMskUTgju/8qK4r1Xds+rp7Unp8moWxzo6REeojFx0ji7RDWqgJqLoET2jCXq1nqwX6816/24tWLOZA/SnrM8vx5KksQ==</latexit>

⌫(d✓) = µ1(d✓1)µ2(d✓2)

<latexit sha1_base64="1zqecJg5godcJU89wmv2pOnGSOU=">AAACHHicbVBLSwMxEM76rPW16tFLsAgVStmtUr0IRS8eK9gHtGXJZtM2NPsgmRXKsj/Ei3/FiwdFvHgQ/Ddm24La+kHIN9/MMDOfGwmuwLK+jKXlldW19dxGfnNre2fX3NtvqjCWlDVoKELZdoliggesARwEa0eSEd8VrOWOrrN8655JxcPgDsYR6/lkEPA+pwS05JinXTcUnhr7+ku6MGRAUofjS1ycBk7CS3Za+gkq6YljFqyyNQFeJPaMFNAMdcf86HohjX0WABVEqY5tRdBLiAROBUvz3VixiNARGbCOpgHxmeolk+NSfKwVD/dDqV8AeKL+7kiIr7L9daVPYKjmc5n4X64TQ/+il/AgioEFdDqoHwsMIc6cwh6XjIIYa0Ko5HpXTIdEEgraz7w2wZ4/eZE0K2W7Wq7enhVqVzM7cugQHaEistE5qqEbVEcNRNEDekIv6NV4NJ6NN+N9WrpkzHoO0B8Yn990CKGS</latexit>

✓i = (✓i,1, ✓i,2)

<latexit sha1_base64="UcE0H8i/Id1vECv9QO8ujd5rw8Y=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgQUoiUj0WvXisYD+gCWWznbZLN5tldyKU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRUpwg5737RTW1jc2t4rbpZ3dvf2D8uFRyySpZtBkiUh0J6IGBJfQRI4COkoDjSMB7Wh8N/PbT6ANT+QjThSEMR1KPuCMopWCAEeAtJfxCzXtlSte1ZvDXSV+TiokR6NX/gr6CUtjkMgENabrewrDjGrkTMC0FKQGFGVjOoSupZLGYMJsfvPUPbNK3x0k2pZEd67+nshobMwkjmxnTHFklr2Z+J/XTXFwE2ZcqhRBssWiQSpcTNxZAG6fa2AoJpZQprm91WUjqilDG1PJhuAvv7xKWpdVv1atPVxV6rd5HEVyQk7JOfHJNamTe9IgTcKIIs/klbw5qfPivDsfi9aCk88ckz9wPn8ALWyRyw==</latexit>

✓i,p



• Desiderata: 
A. Finite number of variants per sample. 
B. Always more variants to discover in either population. 

• Theorem: Assume we use the two-population framework 
on the previous slide. We can’t satisfy Desiderata A and B 
and factorize  

• Rough proof intuition: 
• By the factorization & Desideratum B, at least one 

direction (let’s say population 1) has infinite mass. 

• To find the expected number of variants in population 2: 
• Given the factorization, we directly take the integral of 

population 1, which has infinite mass. 

• So the expectation is infinite, a contradiction with A.

The factorized extension fails

<latexit sha1_base64="nSAYNEi8GlDPL8VTD6yrzWjHUJA=">AAACJnicbZDLSgMxFIYz9V5voy7dBIvQbspM8bYpiG5cVrC20ClDJpO2oZnMkJwRytCnceOruHFREXHno5iORbT1QMjP959Dcv4gEVyD43xYhaXlldW19Y3i5tb2zq69t3+v41RR1qSxiFU7IJoJLlkTOAjWThQjUSBYKxheT/3WA1Oax/IORgnrRqQveY9TAgb5dt2TaTn0gliEehSZK/NgwICMK7iOvSj1XePmxHcrOaj9gFrFt0tO1ckLLwp3JkpoVg3fnnhhTNOISaCCaN1xnQS6GVHAqWDjopdqlhA6JH3WMVKSiOlulq85xseGhLgXK3Mk4Jz+nshIpKdLmM6IwEDPe1P4n9dJoXfRzbhMUmCSfj/USwWGGE8zwyFXjIIYGUGo4uavmA6IIhRMskUTgju/8qK4r1Xds+rp7Unp8moWxzo6REeojFx0ji7RDWqgJqLoET2jCXq1nqwX6816/24tWLOZA/SnrM8vx5KksQ==</latexit>
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Benefits of our new model
• We propose a new rate measure that doesn’t factorize 

(exact rate measure form on next slide) 
• We show that our new proposed rate measure: 

• (Proposition) Satisfies Desiderata A & B 
• A: Finite number of variants per sample 
• B: Always more variants to discover 

• (Theorem) Exhibits desirable power-law behavior 
• Consider projection to one population or proportional 

sampling of populations. 
• Our theory on arXiv is rough; better results on the way! 

• (Proposition) Is conjugate. 
• Not as nice computationally as the one-population 

beta process though. 
• Admits a feasible hyperparameter-selection algorithm.



Our new rate measure
• Review: One version of a 3-parameter beta process:

• Our rate measure for two populations (better options?)

• Improper beta distribution (Desiderata A,B & conjugacy) 
• Rate parameter                 controls power-law rate 
• Mass parameter     scales expected total # variants 
• Concentration    controls common-variant frequencies

• Two proper beta distributions times a non-factorizable 
term that makes the density improper (A,B,conjugacy) 

• Unique parameter in each population: rate     , 
concentration    , (new) correlation  

• Single mass parameter 
• If                             ➡
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gnomAD: Southern European & Bulgarian MSK-IMPACT: breast & lung cancer

Predicting number of new variants
• Our method improves on (1) treating the two populations 

as disjoint, with no shared variants, or (2) grouping 
everything into a single population
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our method
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• We predict the number of new genetic variants for a follow-up 
study given a pilot study (both the total number and the shared 
number). We provide the first predictor that can handle 
heterogeneity in multiple populations. 
• Y Shen, L Masoero, J Schraiber, T Broderick. Double trouble: 

Predicting new variant counts across two heterogeneous 
populations. ArXiv. 

See also: 
• Masoero, Camerlenghi, Favaro, Broderick. More for less: predicting & maximizing 

genomic variant discovery via Bayesian nonparametrics. Biometrika, 2022. 
• Broderick, Wilson, Jordan. Posteriors, conjugacy, and exponential families for 

completely random measures. Bernoulli, 2018. 
• Broderick, Jordan, Pitman. Beta processes, stick-breaking, and power laws. 

Bayesian Analysis, 2012. 
• Campbell, Cai, Broderick. Exchangeable trait allocations. Electronic Journal of 

Statistics, 2018. 
• Broderick, Pitman, and Jordan. Feature allocations, probability functions, and 

paintboxes. Bayesian Analysis, 2013.

Conclusions
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