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Goal: to find CNVs using D-segmentschm13.chr16.txt

Position (chr16)

Avg. # 
Reads

Data: next-gen read alignments to genome, CHM13 chr16

Observed symbols: counts of read starts at each position

• Frequencies from Poisson dist. with appropriate mean

Target regions: heterozygous duplications

• One chrom = ref allele, other = dup, Poisson mean 1.5X background
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D-segment algorithmchm13.chr16.txt

http://bozeman.mbt.washington.edu/compbio/mbt599_2022/Lec12.pdf

http://bozeman.mbt.washington.edu/compbio/mbt599_2022/Lec12.pdf
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D-segment info

Annotations for top 3 scoring segments

Read start count histograms
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Fluorescence in situ Hybridization (FISH)

Beliveau, B.J. Et al. PNAS 109 (52), 21301-6 (2012)

Denature dsDNA

Hybridize FISH probes

11 11



Kishi, J.Y., Lapan, S.W., Beliveau, B.J. et al. Nat Methods 16, 533–544 (2019) 12

Targeting RNA & Proteins



Where do FISH probes come from?
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Input:

• Genome assembly (fasta)

• Genome annotations (gtf)

Output:

• DNA FISH probes

• RNA FISH probes

PaintSHOP Pipeline

14



Design Probe Sequences
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Duplex probability (pdup)

pdup ~ 1.00 pdup ~ 0.50 pdup ~ 0.00

4 °C 60 °C 98 °C

Tm = Temperature at which pdup == 0.5
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Tm linear model
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numpy example

GC binary mask → GC k-mer grid
Rolling cumulative sum of GC

Vectorized, multi-length Tm predictions

19



Testing run time on chm13 chr1

20
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8bit-int encoding DNA
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Encoding scheme:

A = 0

C = 1

G = 2

T = 3

Input: ‘ACGTAACCGGTT’

[0, 1, 2, 3, 0, 0, 1, 1, 2, 2, 3, 3]Output:

(as FASTA file)



8-bit Integers
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Overflow exampleCan store 256 values (0 – 255)
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8-bit encoding DNA, 1 byte per nucleotide

Claude Shannon

4/7/22, 12:23 PM {\displaystyle \mathrm {H} (X)=-\sum _{i=1}^{n}{\mathrm {P} (x_{i})\log \mathrm {P} (x_{i})}}

https://wikimedia.org/api/rest_v1/media/math/render/svg/bfe3616dee43f6287d4a4e2a557de8d48ad24926 1/1

Information entropy

Encoding scheme:

A = 0 = 00

C = 1 = 01

G = 2 = 10

T = 3 = 11

- 4 x (0.25 * log2(0.25)) = 2.0 bits

Note: could use 2 bits to store nucleotides in theory,

but 1 byte (8 bits) is practical in python.



8bit encoding DNA sequences
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Fasta file to seq string using biopython For loop; DNA lookup table

List comprehension; DNA lookup table

chm13 chr1: 28 sec



8bit-int encoding DNA
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String translation in python

DNA encoding with string translation

chm13 chr1: 17 sec

A bit faster

Not robust to non-ACGT 

characters in FASTA



8bit-int encoding DNA

28

Loading fasta with pyfaidx

Access fasta sequence as numpy array

problem: ascii byte array

1000001 = A = 65

1000011 = C = 67

1000111 = G = 71

1010100 = T = 84



8bit-int encoding DNA
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Loading fasta with pyfaidx ASCII int DNA encoding lookup table

np.view same bytes as different dtype

1000001 = A = 65 → 0

1000011 = C = 67 → 1

1000111 = G = 71 → 2

1010100 = T = 84 → 3

Supports arbitrary encoding of 

non-ACGT characters in FASTA



8bit-int encoding DNA
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Load and encode with pyfaidx and numpy

1 secString translation in python

chm13 chr1: 28 sec

For loop; DNA lookup table

16 sec
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Tm linear model
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Nearest-neighbor Tm Calculation
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Nearest-neighbor Tm Calculation
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Nearest-neighbor Tm Calculation
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Integer seq encoding for NN thermo calculations
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Encode seq as int array Convert to dinucleotide array Batch process sequences



Storing dH and dS NN params
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Storing dH and dS NN params
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Batch process sequences



Vectorized NN Tm Calculation
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Batch process sequences

ΔH

ΔS

Batch lookup



Vectorized NN Tm Calculation
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ΔH

ΔS

Cumulative sum across rows

1. Apply 5’ terminal base adjustments to dH and dS

2. Take rolling cumulative sum across rows

3. Apply 3’ terminal base adjustment to each column

Now each position in each matrix is a sequence’s dH or dS value

5. Calculate Tm using formula, using entire dH and dS matrices

4. Apply length-dependent salt correction to each dS matrix column



Initial Benchmark Results
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CHM13 whole-genome run:

• qsub each chromosome in parallel

• wait 1 sec between qsubs

• provide 4 cores per chromosome

• provide 4G RAM per core

3,117,291,170 probe start sites in CHM13

X

8 probe lengths evaluated [30, ..., 37]

24,938,329,360 nearest neighbor Tms computed

Wallclock results:

5 min with overlapping probes

2m52s without overlapping probes

With multiprocessing



OligoMiner2 command-line interface (CLI)

42

OligoMiner2 (coming soon):

• Toolkit for multiplexed DNA/RNA 

FISH probe design

• Python package 

import oligominer

• Command-line interface

$ oligominer mine_probes
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Homework  5 Questions ?
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Insulin



Reminders
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• Homework 5 due this Sunday Feb. 12, 11:59 pm

• Homework 6 due next Sunday Feb. 19, 11:59 pm



…
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