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Biological problems - IQ-Tree and COVID Variants

@ Main “Phylogenetic inference” software.
@ Used to distinguish COVID variants (Delta, Omicron...).
@ Developed at ANU and Vienna University

IQ-TREE

Input:
7 28
Frog AAATTTGGTCCTGTGATTCAGCAGTGAT
Turtle CTTCCACACCCCAGGACTCAGCAGTGAT
Bird CTACCACACCCCAGGACTCAGCAGTAAT
Human CTACCACACCCCAGGAAACAGCAGTGAT
Cow CTACCACACCCCAGGAAACAGCAGTGAC
Whale CTACCACGCCCCAGGACACAGCAGTGAT
Mouse CTACCACACCCCAGGACTCAGCAGTGAT
Output
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Biological problems - 1Q-tree and COVID variants

@ IQ-Tree verl: 37 hours to infer a tree for 17,000 COVID sequences
@ |Q-Tree ver2 (published May 2020): reduced this to three minutes
@ At pandemic peak, 10,000 sequences were published per day

COVID genome as sequence at Institute L. Pasteur, January 24, 2020
~ 10* base pairs

BeaCoV_Wuhan WNO4_2019-2 AAATTTT TAT ™ ™
Consensis AN ™
Corage
AAATTTTTGGCTTTGTGTGETGACT CTATCAT AT TGOTGOAGET AMACT TAMECC T TGAATTTAGET GAMCAT T1CTEACGEAC ACAGAAGCTGTCTTAAATCCACAGAAGAAACTGCCCTACTCATGECTCT -AAAAG
T AT T TG A AT TG A AT € AT T GT A A AT G T T AT CACACARCAAAC T CCCCTACTEATECCTET -AAAC
Goc- ncmmnmcv.m;m'mcm(m.cmmcmcm AT e € A G A ARG T TANAT CEACREARCARAE T CECUTACT CAT Clic TET AARAC
A AT AT T AN ARG C e T EAAT 1T ACCT CAAACAT 11 CT EACGEACT E-AAACCEATT CTACACAAAGT 61T AAAT ECACACAACAAACT ECCETACTEATCCTET - AAAAC
AT ECACACAACAAACT CCCCTACT EATGEETET -AMAC
TAATTTTTGGCTTTGTGTGCTGACTCTATCATTAT TG GOAGC TAAACT TAAAGCCTTGAAT TTAGGT GARACAT TTGTCACGCACTC -ARAGGEAT TGTACAGAAAGT GTGTTAAAT CCAGAGAAC TECCTCA- AAAAC
TA AT T T TG CCTTTGT T CCTCACTCTATCATT ATTGCT CCAGET AAACT T AAAGCCTTCAATTTAGCTCAAACATTTCT CACGCACTC -AAAGGTAT CAAAGTGTCTTAAARCCACACAAGARACTGGCCTACTCATTCCTCT - ARAAC
AAATTTTTGGCTTTGTGTGCT GACTCTATCATTATTGGT GOAGET AAACTT AAAGECTT CAATTTAGCT CAAACATTTCTCACGCACTC -AAAGGGATTGTACAGAAAGT CTGT AAA(ccc:(uU(uc((YU AARAG
CCCTTGAATTTAGGT GAAACAT TTGTCACGCACTC - ATAGGGATTGTACAGAAAGTGTGT FeGCCTACTCATGC
TACTCATGECTCT -AAAA
an T ACTCATGCCTCT -AAAAC
GTGCTGACTCTATCATTAT TTAAAGCCTTGAATT T CACGEACTC-AAAGGGATTGTACAGAAAGT GTGTT AN CCAGAGAAGAAACTCGCCTACTEATECCTCT-AMAAC
AAAT CCACAGAAGAAACT GCCCTACTCATTCCTCT - AMAC
ATEEeTcr A
AAATTTTTGGCTTTGTGTGCTGACTCTATCATTA TATTTGAAACAT TTGTCACGEACTC-AAAGEGAT TCTACACARAGTGTGTTAAATCCAGAGAAGAAACTGGCCTACT CATGEETAT - AAAAT
GG e AT E AT AT CoAr T AT T AAAGCCTT AT AN AT T T A CEACT € AAAGCEAT T CTACACAAAGT CTETTAART CEACACAACAARET CECE EETETANAAAL
AAATTTTTCCTTTGTGTGCTCACTCTATCITTATTGGT GCAGET AT €A e A e e A EACAAAC T ETET T A TEEACREAREAMRETECCE acrearaECrer AAAAC
AAATTTTTCCCTTTGTGTCCTGACTCTATCATTATTCE. AT ATTTCAMCATTTETCACCEACTE AACCEAT T T ACACARACT TG T AAAT ECACACARCAAACT CCCCTACTEATECCTET - AAARG
AAATTTTTCCTTTGTGT CCTCACT CTATCATTATTGCTGA T CACA-ATTT T CECCCACTC-AAAGCOATT CTACAGAAAGT CTC1TAAT CCACAGAACAAACT CCCCTACT CATGEETET-AAAC

AT T T T CEET TTCTCAGET GACT CTATEATAATT CT GOACET AAACTTARAGECT
ACA-ATTTGTCECGOACTC - AAAGGGATTCTACAGAAAGT GTGT TAAATCCAGAGAAGAAACT GGCCTACT CATGECTCT ~AAAAG
AT AT TGt A T AT T AT T AT T TAG T A AT T T A CEACT € AACCEATTCTACACAACTCTCT T AAAT CCACACAACAACT CCCCTACT CATCCETCTARAC

AAATTTTTGGCTTTGTGTGCTGECTCTATEATT ATTGET CEACET ARACT T AAAGEET TEAATTT AGET CAAACATTTCTCACGEACTC-AAAGGEATT CTACACAAACT CTCTTAATT CEA CCTCTAAAAAC
ACTCATGCCTCT -AAAAC
AAATTTTTGGCTT: \CTCATGCCTCT -AAAAC
AAATTTTTCCCTTTGTeTGCTOACTCTATCATTA T GAEA AT T TG B C A € A COATT T ACAGAAAGT TG T T AT CCAGACAACANCTGCCCTACTEATECCTET AAAAE
AT T T TG ATTTGT 1T GETACT CTATEATT ATTGETGAGETAAACTTARAGEATTGART A A ATy A A AT Crr AT e R A AN TECECTACTEATECErCT
AT T 1€ CTCCTEACTETATCATTATTCCTCCAGEYAAACTT AMAGCETTEAATTTAGE, AN CEEATT T ACACAGAGT CACT TAAAT CCACACAAGAAACT CCECAACT CATE
AAATTTITERC E1TAMAAC
AT TT T TTGT T GCTGTCTCTATCATTAT TG TG TAGETAAAC T TARAGCE T TGAAT TTATGTGAACAT TTGTCTCGGACTC -ARAG ACAGAAAGT GAGT TAAATCCAGAGAAGAAACT GGCCTACT CARGECTCT ~AAAAG
TG T AT (T ey AT T AGT CCT A CTANACT T ANCCECTTCANT T TACCECAACATTTCTEACECCETC ARG CoATTETACACARAGT T CTT AAAT CEACACAAGAARCT CT-ANTAC
AT TTGGET T TCTCCTEACTETATCATTAY TCCT GOARCT AAAL CCCTTGAATTTAGGT GAAACAT TTGTCACCCACTC - AAAGGCATTCTACACAAAGT CTCT T AMATCCACACAAGAAACT GGCCTACTCATGCCTCT “AAAAC
ARATTTITCEETTTETCTOETaAE AT T CAAT T TAGGT CAAACAT T TCT CECCCACTC - AAACCCAT 1 CTACACAAACT CTCT TAAAT CCACAGAACAACE T CCECTACT EATGEET T AMAAC
AAATTTTTECCTTTGTGTGETCAC T AAACACT TGAATTTAGGTGAAACAT TTGT CACCEACT E- AAAGGGATTGTACAGAATTGTGTTATTECTGAGAAGAARCT GG CCCTCTAARAS
AACC
AAATTTTTGGCTT ET-ANARE
AAATTTATGCCT T TGAATT s ARAG
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Soff-max & Dialiy |
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c = np.array([0.5, 1, 14, 2])

log_sum_exp = np.log(np.exp(c).sum())

softmax = np.exp(c - log_sum_exp)

print(f'c = {c}'); print(f'h(c) = {log_sum_exp:0.5f}"'); print(f'nab_h(c) = {softmax}')

v/ 0.0s

ci=1[00.5 188 14 .08 9l ]
h(c) = 14.00001
nab_h(c) = [1.3709e-06 2.2603e-06 9.999%e-01 6.1442e-06]
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A RELATIONSHIP BETWEEN ARBITRARY POSITIVE MATRICES AND
DOUBLY STOCHASTIC MATRICES

BY RICHARD SINKHORN
University of Houston

1. Introduction. Suppose one observes n transitions of a Markov chain with
N states and stochastic matrix P = (p.;). The usual estimate of py; is t;; = a.;/M
where a;; is the number of transitions from 7 to j which are observed, and \; =
> ;a. (Cf. [1].) This amounts to a normalization of the rows of A = (as),

and can be expressed as a matrix equation T = D14 where T = (¢;;) and D, =
diag[ns?, -+ -, A
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Marco Cuturi
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Enfropic. Frank - Wolfe |
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Enfropic. Frank - Wolfe ‘
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Error Bounds |
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Categories of Hi-C:

_~—» | 1.Dilution ligation

chromatin interactions 2. In situligation

? . 3. Single cell
in the nucleus Standard Hi-C | 4 | ow noise improvement

\ Proximity &
L A Crosslink DNA Hindlll digest Biotinylation  Ligation
| @ \ | @ T4 DNA
" TN (N0 Polymerase
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@
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DNA extraction,
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T == = %o
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analysis i 7 3 Biotin pull-down
PCR for library preparartion while . ot
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Hi-C contact maps
reveal genome wide
chromosome
structural features

Offers unique insight
to transcription
regulation, cancer
development, etc.
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POV - You are about to have a great day
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POV - You are witnessing a most elegant talk
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POV - You had a great three years in Paris with this guy
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