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In brief

Genomics workflows typically map reads
onto a reference genome as the
foundation for downstream analyses.
However, this poses severe limitations for
biological discovery when references are
incomplete or nonexistent, and even for
intensely studied genomes with rich
population-level diversity. SPLASH is a
highly efficient framework for statistics-
driven analysis of sequence variation
directly from raw sequencing data,
overcoming previous limitations.
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Overall Workflow

e Input Fastq Files
e Generate Anchor-Target Matrix
o OASIS stastic test

o Differentiate cell type

Q:
1. Generation of Anchor?

2. OASIS test?

3. Differential analysis with ground truth?
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SARS-Covid Example

A spike mutation K417N (Omicron)

anchor: 417 targets:
target D S F VIR RGDEVRAQI APG QTG KTI ADYNY
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B  Spike mutations V213G (BA.2), NL211l, R214REPE (BA.1)

anchor: 211 213 214 targets:
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Found Targets that could differentiate
subtypes of the virus.

Anchor-target matrix is treated as a
contingency matrix X.

Useful targets are selected for

grouping with ]?
Samples are grouped based on a ¢.

Statistic S was calculated as:
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Normalization of X

The Matrix X was normalized based on the column counts.
Some Matrices are defined as follows:
]_ ——
E=—XI11'X
M

X = (X — E)diag( . )
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P-value based on S

In the Cell paper, the P-value was calculated as:
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Where:

M is the total number of counts.
n ; is the number of counts in column (sample) .

c; is the jth entry of ¢.
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¢ is specifically chosen to minimize the P-value. £ = (1 + \/(Zj R



Finding the Optimal f and c

Algorithm: Better version of P value bound:
1. Randomize c. 9262
S P < 2exp(— )
2.Set f = sign(Xc). 1 —~
3 f {1+f 1;J?} Want larger s:
_ £T %z T %z
4.f = argmaxf(f Xc) argmaxogfgl,”a‘zglf Xc

5.¢ o< X T . (With constraint ||¢]| < 1)
6. Repeat 2-4 until S doesn't change.
7. Output: f C.




Visual Example

A p-value computation
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Where k indicates the k
th observation.



Interesting Properties of ¢

A OASIS-opt

A : ® Omicron(BA.2), Omicron(BA.1) B ® Omicron(BA.2), Omicron(BA.1)
o mmmm s e ———— 02 . gmncronl::::,grr‘\;cron(BAZ) . gmlcmnls:::,gﬂ‘\;CFDNBAZ)
Input’Data ! Stat]st]ca”y : D:étoonr(m(ror\v(E:;) 0 : D'en\éicg‘r(nl(;cr;(E:Z?
AX 43—’ : Val |d p_va I ue Delta, Omicron(BA.1) Delta, Omicron(BA.1)
1 H c
i H o c
! :_l © ™ e .
1 H (o)} ]
! — ! Q S
i Optimized — e 5 5
: row / column | [|f ! g o
! embeddings i > oo S oo
s : £ 2
oy =l S . g
3 3
€ [S
; ' q) -0.1 5‘
L, ! == ¢
i -
: - [ e . i <
— OASIS-opt o Consensus | C(l), c? © .
Contingency Tables ~—(OASIS-opt)~s | HETmN —mmmm| (€.9.5VD) | .
: — ¢? : :
: . . |
X '<{OASIS-opt }— | I NN T H
1 : cm ; 2 o % o w2 L D N Tt
e : cV), embedding-aggregation ¢, counts-aggregation

| maebd | - ORRE) C D

E . e Omicron(BA.2), Omicron(BA.1) 4 ‘—.—{ ¢+ Omicron(BA.2), Omicron(BA.1) A }—l—‘
' Omicron(BA.1), Omicron(BA.2) 4 }—l—{
Omicron(BA.1), Delta ] }—l—{

Delta, Omicron(BA.2) 4 }I{

LT

Omicron(BA.1), Omicron(BA.2) 4

f(U, f(T)

variant (Primary, Seconday)
variant (Primary, Seconday)

Delta, Omicron(BA.2) I'I'{
C Counts_aggregatlon Delta, Omicron(BA.1) }—|:|:|—{ Delta, Omicron(BA.1) 1 }_

-0.2 -0.1 0.0 0.1 0.2 -0.2 -0.1 0.0 0.1
¢, embedding-aggregation ¢, counts-aggregation

1
1
1
1
1
1
1
1
1
1
1
1
1
I
Omicron(BA.1), Delta I
]
1
1
1
1
1
1
1
1
1
]
1
1
|




