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Background The Shortest Hamming Score Run Time

- To achieve the provision of personalized medicine, Definition 3. (The SHD score) Small Cohort

it is very important to investigate the relationship be- Given a predefined threshold ¢* > 0, the SHD score for (150 families and 5, 000 SNPs)
tween diseases and human genomes. ithdata D, (i = 1,2,..., M) is (I) oxact APPX.
However... _

. There is a risk of identifying individuals if the statis- 0, ¢f T; > ¢* and 3D}, T} < ¢, (1) || 0.875 s | 0.020 s
tics are released as they are [4]. dsu(D;, 1) = § 1+ mindsy(D}, @), if T; > ¢* and 3D, T! < c*, (ii) || 0.972 s | 0.019 s

- Existing privacy-preserving methods [3] for a trans- —1 4+ maxdsy(D.,4), if T, < ¢,

mission disequilibrium test are computational inten-

where T; and 7! are the test statistics obtained from D,
and D!, respectively, and D;, D! € D™ differ in a single
family. For¢ ¢ {1,..., M}, dsy(D;, 1) = —oc.

sive. Large Cohort

(5, 000 families and 10° SNPs)
(IT) exact appx.

(i) | 1081.773 s | 4.047 s

Transmission Disequilibrium Test

L

Exact Algorithm i ] *
Number of parents for TDT in one SNP. (ii) || 1338.327 s | 4.163 s
Non-Transmitted Allele
_ _ Total
My Mo
- - Algorithm 1 Exact algorithm to find the SHD score for TDT statistics.
Transmitted ﬂfl a b a—+ b Input: Information about a single SNP, that is, ny, ns, ns, n4, ns, ng, and the threshold c*
Allele | M, ’ d ¢t d for the TDT statistics Accuracy
Total a+ c b T d o Output: The SHD score in one SNP. e DY
1: T = (n1 — no + 2n4 — 2n5)%/(ny + na + 2n3 + 2ny4 + 2ns) Tlme CompleXIty
2 2:
td - td\"> b + c 4:  Increase the number of families with (b,c) = (2,0). - n (a) (b) (c) (d)
5. dy =0, Np=ni(k=1,...,6) N / ) ) e B —
- 6: while T < ¢* do 9 P .
N u mber Of fam I I Ies for eaCh (b7 C) . 7 Check the value of N5, Na, N3, Ng, and N7 in that order, and if a value greater than ) ;;/‘E/I )
: : 0 is found, de it b d continue to th t step. e ) = e
(b* C) A famlly ‘ (1-. 0) (U, 1) (1j 1) (2“ 0) (Oﬂ 2) (0* U) | is found, decrease it by one and continue to the next step —— —-
f 13 f J J f o Na e Notl Fig. 2. Accuracy of the top K significant SNPs when (a) K =1, (b) K = 3, (¢) K =5, and (d)
Number of families ‘ 1 n9 13 4 ns ne 9: T — (Ny — Ny + 2N, — 2N5)2/(Ny + Ny + 2N + 2N, + 2Ns) K= 10 tn case (DD, - - ) =~ )
10: dl — dl —1
e endwhile (@) (b) (©) (d)
13:  Increase the number of families with (b,c) = (0,2). a: P b_: — wact P e et a.: et
14:  dy=0, Ny =ng(k=1,...,6) ™ - » £ g™
15:  Asin the above case, check N4, N1, N3, Ng, and Ny in that order, and increase N5, then E e E K . o
L decrease dy until 7' > ¢*. B v
| L 16: Fig. 3. Accuracy of the top K significant SNPs when (a) K = 1, (b) K = 3, (¢) K = 5, and (d)
_ | 17:  The SHD score is max{dy,ds}. K =10 in case (I)(ii).
_ ' ' 18:
¢ /b R 19: else if T > c* then Large Cohort
‘ _ R o 20:  if ny + 2n4 > n2 + 2n5 then
I];‘;gs.sﬂljie IS;IESOE; (Izlott)s of the transmission disequilibrium test statistic for trio families and the 921- As in the case of T < C*, check N4, 1, N, M, and ns in that order: and increase ns
| until T < ¢*. (a) (b) (c) (d)
22: else
23: Check ns, no, ng, ng, and ny in that order, and increase ng until 7' < ¢*.
24:  end if
D iffe rent i al Privac 25:  The SHD score is (the number of steps) —1.
y 26: end if

(a) (b) () (d)

Definition 1. (e-Differential Privacy [1])

A randomized mechanism M is e-differentially private - : : /"”'H“%M //‘“"““' /’“H“"‘ +/”“
if, for all datasets D and D', which differ in only one Approxmatlon Algorlthm Em ] Sm) o Tm] o

epsilon epsilon epsilon epsilon

family and any S Crange(M), Fig. 5. Accuracy of the top K significant SNPs when (a) K =1, (b) K =3, (¢) K = 5, and (d)

K =10 in case (II)(ii).

PT[M (D ) & S ] S 66 y PT[M (D /) & S ] . Algorithm 3 Approximation algorithm to find the SHD Score for TDT statistics.

Input: Information about a single SNP, that is, nq, ng, ng, n4, ns, ng, and the threshold ¢*
for the TDT statistics.

Output: The SHD score in one SNP.

Definition 2. -
(Sensitivity for the Exponential Mechanism [2]) b= = a2 4 Fime Complexity h Conclusion
Let DM be the collection of all datasets with A/ 3 if T < ¢* then
SNPs; then, the sensitivity of a score function u D -] = O(1) - Sensitivity of the SHD score obtained by our
DM x {1,2,..., M} = Ris G elseifbrexcthen - 4 approximation al.gorlt.hm is 1. |

Au = maxmax |u(D. 1) — u(D'. )] R B | - Our exact algorithm is about 10,000 times faster

r DD ’ Y 0: else if T > * then than the previous method [3] for a small cohort.

where r € {1,2,....M} and D, D’ ¢ D" differ in a 10= The SHD score is ["WW L . Qur algorithms are the first in the world to be
single family. et practical even for large cohorts.
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