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PART 1 — WORKING WITH GENOMES 1S LIKE WORKING

WITH TEXT

Volt egyszer egy kedves, aranyos kislany; aki csak ismerte, mindenki
kedvelte, de legjobban mégis a nagymamaja szerette: a vilag minden
kincsét neki adta volna. Egyszer vett neki egy piros barsonysapkat. A
kislanynak annyira tetszett a sapka, hogy mindig csak ezt hordta; el is
nevezték rola Piroskanak. Piroskaék bent laktak a faluban, nagymama
pedig kint az erdében, egy takaros kis hazban. Egy szép napon azt
mondja Piroskanak az édesanyja: — Gyere csak, kislanyom! Itt van egy
kalacs meg egy lveg bor, vidd el a nagymamanak. Beteg is, gyonge is
szegényke, jol fog esni neki. Indulj szaporan, miel6tt beall a héség.
Aztan szépen, rendesen menj, ne szaladgalj le az utrél, mert elesel, és
Osszetorik az lveg, kifolyik a bor, és akkor mit iszik a nagymama! Ha
pedig odaérsz, ne bamészkodj 6sszevissza a szobaban; az legyen az
els6 dolgod, hogy illedelmesen jo reggelt kivanj. — Bizzad csak ram,
édesanyam, minden ugy lesz, ahogy mondod - felelte Piroska az
intelemre, azzal karjara vette a kosarkat, és Gtnak indult. Atvagott a
mezon, beért az erdébe; hat ki jon szembe vele? Nem mas, mint a
farkas. — Jo napot, Piroska! — kdszont ra a kislanyra. Az meg
mosolyogva, jo szivvel felelte: — Neked is, kedves farkas! — Nem tudta
még, milyen alattomos, gonosz allattal van dolga. — Hova ilyen koran,
lelkecském? — szivélyeskedett tovabb a farkas. — Nagymamahoz. -
Aztan mit viszel a kosaradban? — Bort meg kalacsot. Tegnap siitottik;
szegény jo nagymama gyonge is, beteg is, jot fog tenni neki, legalabb
egy kicsit erére kap téle. — Es hol lakik a nagymama, Piroska? — Itt az
erd6ben, a harom tolgyfa alatt. Biztosan ismered a hazat,
mogyordsovény van koriilotte.
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There was once a lovely, cute little girl; whoever knew her was loved by all, but still loved by her
grandmother best: she would have given her all the treasures of the world. He once bought him a red
velvet cap. The little girl liked the hat so much that she always wore it only; it was also named Piroska.
The Redhead:s lived inside the village, and Grandma was out in the woods in a neat little house. One fine
day Piroska's mother says, "Come on, baby girl" Here's a cake and a bottle of wine, take it to your
grandmother. He is both sick and weak, he will do well. Start fast before the heat sets in. Then go nicely,
properly, don't run off the road because you will fall and break the bottle, the wine will flow out, and
then what will your grandmother drink! And when you get there, don't stare at the room; your first thing to
do is to have a decently good morning. "Trust me, my mother, everything will be as you say," Piroska
replied to the rebuke, took the basket in her arms and set off. He cut through the field, entered the
woods; so who will face him? He is nothing but a wolf. - Good afternoon, Little Red Riding Hood! ...




WORKING WITH GENOMES IS LIKE WORKING WITH TEXT

>HiC_scaffold_1
TTTAGCTCACTTGCTTATTTTGTTACATTCAGGATATACATATGGGTAAA
ACAACACTATGCGCTCTAATAACATCTCAAGTATTTTCACATAGTAAAT
TCAGTTATTTCCCGGTGCTAGACCATGAAACAATAAAACAATAAGGGTA
AATGCTAACGCTAGCTCTGGAAATACACTTGACACCCAAACAACATTC
AAACTGAGTCTTGGAACACTCTTCTTGTCTACAAAGCTAACCGAAAGG
TTTATCTGACCTTTAGGTACTATGTCAACCCATTCTTAGATGTTTTATGC
CACATTTAACGTACCTGTGGATCAGTAAGGAACGGACACAGGATTAGT
GTTATCAACTCAGGCGCTGTATTTAGTCAATACTGCCTTGAGTTGGGAG
TTTTCCTACTAGCCCACAGCGACACATGCTGTCGCACGAAGGTAACTA
CATTCAACCCAAAGGTTTGAAAAAAAGAAAACTTATTTATAAAGTAGCT
GACGATTTAGATGTTGTACAAAAAAAATAAAAATAAGGGGTTGTCAGTT
TTTATATTAAACTTCAAATAGAGGCTATTTTCCCATGCTCTTTATTAAAA
AAATAAAAAAATAAGGGGGTCACGTGATGACACCGAGTAAGATGACTG
CTTAAACCTGCGGCTGCGGCACCACTAGCTCACATTTGTGTGAACATAT
AGGCATTTGCAACTTATTACACGTTTTTTTTCCCCCACAAGTTGCCTAT
TCTAAGCGTCTTCCACTACCAATATGCCGAATCCCCGGAAAAACGAAA
ATGCGTCTCAACAACAGCAAAGCGCCAGGGCTAGCGCTAGCTTAAAAG
CCCCCCACGCCTCGCCTGATGACGCAGATTCCATCTCCACTGCTAAAAT
ACTCGAGCTTCTTCAGAAACTATCAGACGATCAAGCCAAACACTTTGC
AGACATCCGCAAGGACGTCTCAGACATAAGAAGAGCTATCGAGGCGAT
TGAGGGTAAGCTAGCCGACATGCTGACAAGGATGACTAGCGCAGAGGC
TCGCCTTGACATGCTGGAGGAGGCGGAGGGACGGCGCCGCAACGCGC
CGCCGGCCTCAGCCTCTGAAGTTGAAAAACTGAACGCCAAATTAACTG
AGGTCGAGGACCGGGAAAGGCGAGTGAATCTACGCATTTATGGTTTCC
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Protein Sequence

>maker-HiC_sc_1_gene-0.1
MCWNLKDGLRDSLVSAAPYGGPIA
LLREPHRRSPSSRPQLEIYSASGV
GIASFPWKSGPVVHLGWTVSDELL
CIQEDGSVLIYDLFGSFKRHFSMG
QEVVQSQVLEAKVFHSPYGTGVAI
VTGSSRFTLATNIDDLKLRRLPEV
PGLQGKPSCWVVLTQDRQTKVLLS
NGSELFILDSTSCTAVCPPGLGPQ
AGSVVHMSVSFSYKYLAL.....
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PART 0 — GET THE TEXT

RECONSTRUCTING THE HOLO-GENOME OF THE LICHEN & PUSTULATA

" Taxon . Trebouxia sp. (nuc)

sl PacBio
ReadPairs

__MatePairs

I:] U. pustulata (nuc)

[ ] Bacteria

1000 1000
100 100 | 100
= 50%101 1ol 10

[BRE

‘ ‘/U. pustulata (mt)

Cvi

Trebouxia sp. (cp) Trebouxia sp. (mt)

Taxonomic Assignment using MEGAN. @
Error Correction with PILON

Genome Annotation with MAKER / PROKKA.

Lasallia pustulata Trebouxia sp. Bacteria
# scaffolds 43 225 499
total length 33 Mbp 53 Mbp 35 Mbp
N50 1.8 Mbp 0.8 Mbp 234,856 bp
coverage ~100x ~10x -
# of genes 9,825 13,919 ~ 36,000
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Lasallia pustulata
mitochondrial genome

Trebouxia sp
mitochondrial genome

95,446 bp 99,907 bp

Trebouxia sp
chloroplast genome

271,957 bp




RECONSTRUCTING THE HOLO-GENOME OF THE LICHEN
U PUSTULATA

Species® Size (Mb) Scaffolds N50(Mb) Genes Missing BUSCO (%)° FGMP: HCE (%)° FGMP: Proteins (%)°
Taxon - Trebouxia sp. (n uc ) Fungus U. mu€hlenbergii 346 7 7.0 8,822 13 90.3 94.9
. A. radiata 335 17 2.2 na 3.0 87.1 97.8
s PacBio U. pustulata™ 335 23 18 9,825 36 903 %.8
ReadPairs I:' U. pustulata (nuc) G. flavorubescens 345 36 17 10460 15+ 774 973
X X. parietina 319 39 1.7 11,065 1.4* 774 96.6
__MatePairs l:' Bacteria C. metacorallifera 36.7 30 16 10497+ 3.0 83.9 97.3
C. macilenta 371 240 1.5 10,559* 2.7* 80.6 96.3
GC-content P. furfuracea 37.8 46 1.2 8,842 1.8 935 971
R. intermedia 26.2 198 0.3 na 33 87.1 97.3
E. prunastri 40.3 277 0.3 10,992 1.3* 87.1 96.6
C. rangiferina 35.7 1,069 0.3 na 25 80.6 98.0
100 o0 1000 C grayi 346 414 02 11,388 3.0 87.1 9.8
50% 10 l 1ol 101 U. pustulata (mt) E. pusillum 36.8 908 0.2 9,238 3.9% 80.6 96.0
[ | i — L. hispanica 41.2 1,619 0.1 8,488 1.6 90.3 97.3
R. peruviana 27.0 1,657 <0.1 9,338* 6.7* 80.6 95.4
L. pulmonaria 56.1 1,911 <0.1 15,607 1.5* 83.9 97.0
C. uncialis 329 2,124 <0.1 10,902* 5.3* 87.1 97.1
C. linearis™ 19.5 2,703 <0.1 na 25.0 516 83.8
.
Cvi A. sarmentosa™ 40,0 915 <0.1 na 219 58.1 833
Alga T. gelatinosa* 61.7 848 35 na 68.7 na na
C. subellipsoidea” 48.8 29 20 9,851 24 na na
Chlorella sp. A99° 40.9 82 1.7 8,298 184 na na
Trebouxia sp.-M 52,9 217 08 13919 13.9 na na
A. glomerata“ 55.8 151 0.8 10,025 124 na na
A. protothecoides” 22.9 374 03 7,016 12.2 na na
W Trebouxia sp. TZW2008" 69.3 677 0.2 na 148 na na
\\ Helicosporidium sp.5 124 5,666 <0.1 6,035 50.8 na na
Trebouxia sp. (cp) Trebouxia sp. (mt)




WHAT IS SPECIAL/DIFFERENT IN 4 PUSTULATA?
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THERE ARE MANY PROTEINS PER GENOME, AND MANY
SPECIES SEQUENCED




FROM PAN GENOME. ..




’ FROM PAN GENOME TO ORTHOLOGOUS GROUPS

*in fact, we should replace ,genome’ with ,gene set



FDOG — FEATURE-AWARE PHYLOGENETIC PROFILING OF
PROTEINS USING HMMS
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Feature

IDENTIFYING GENES THAT DIVERGED IN THEIR FUNCTION
SCORING ORTHOLOGS BY THEIR FEATURE ARCHITECTURE

SIMILARITY

seg_low complexity regions (NA)

pfam_Ser_hydrolase (NA)

FAS ju— .I pfam_RmiID_sub_bind (NA)
pfam_Polysacc_synt_2 (NA)
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. Differences in number of feature instances

. Differences in relative position of feature instances
Weigh features according to their frequency in a proteome
Score in the interval of [0,1]
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LINEARIZATION OF REDUNDANT DOMAIN ANNOTATIONS

A) Unresolved Architectures
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FROM ORTHOLOGOUS GROUPS TO PHYLOGENETIC

PROFILES — GENE LOSS?!
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OG1 — core gene

OG2 — gene loss

OG3 — gene gain

0G4 — multiple independent gene loss (H1)
/ horizontal gene transfer (H2)/

Q)n’rqminqﬁon (H3\) )




ANNOTATING GENOMES — HOW COMPREHENSIVE CAN YOU BE?
\ ~

-

MAKER

Genome RNA
fasta Seq

unmuny of linois at Urbana-Champaign

Homologous Repeat Gene e &
Proteins Library Predictor

GCA noasgznss 1 UIUC_Espe_1.0 scaffolds: 3,119 contigs: 104,340 N50: 26,023 L50: 5,510
BioPs RINAGOGOS

roject
Whole Gnlulm ‘Shotgun (WGS): INSDC. VOFY00000000.1
Statistics: totallenath (Mb): 854.807

Genome Track View Help

s:quence
Read

Curated RefSeq genomic Protein d,,\mm
©O Share sequence alignment
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. - e = —o— P e
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FDOG ASSEMBLY — TARGETED SEARCH FOR ORTHOLOGS
IN UNANNOTATED GENOMES
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fDOG ASSEMBLY — A FIRST BENCHMARK

Using annotated gene sets from Using the genome fasta file only
NCBI Genome (RefSe . .
(RefSec)  A: fDOG B: fDOG Assembly
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FROM ORTHOLOGOUS GROUPS TO PHYLOGENETIC

PROFILES — GENE LOSS?!
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ABSENCE OF GENES ANCIENT GENES — EVOLUTIONARY
SIGNAL OR ARTEFACT?

4 N 4

1. Micro-synteny analysis

U. pustulata — )€ {mmm— -

»

€ taxa >

U. hispanica — ) (g {mmm—  sosessalioses
\ 4| 3 o000 | 4oc0ee
g | 00000 0000000
/ \ 0000000 00000
2. Assembly statistics \_3. Secondary structure prediction
Scarroid 3 1 Dihydrofolate Reductase ™\
2313256 bp | < 2,477 bp > Key enzyme in folate metabolism. GC rich inverted repeats:
e Hﬁm-mo%] Essgntial for de ‘novo glyci_ne an_d « Illumina fails (DNA & RNA seq)
Pacsio | (929 TR 1 purine _synthesis.  Mutation = is - Non-random sequencing error in
- -~y complemented by human DHFR. .
MatePair ‘ ‘[ | ) , { PacBio
Pairedend | 088y, 0 bl k j « Assembly polishing fails
RNAseq ||[0-208) | + Uncorrected indels mimic frame
prediction ‘m e shift mutations
k IR - ) \ Wrong inference of gene loss y




UNCORRECTED FRAMESHIFT ERRORS — RARE EXCEPTIONS?

/1. Identification of low coverage (LC) regions 2. Merging of adjacent LC regions \

PBC

(= =
PBC
cov_end
ovsta ™ - - - - wE = = mfa === - - - - - -

NO Sig.hit? _
Frame- ] NCBI nrProt «_Diamond
YES
shift?
Johannes Zieres /
detect_regions merge_close_reg
cov_start|cov_end| detected regions |merge_distance|regions after merging
short read 15 18 435.310 150 298.957 300 26.611 8810 4846

long read 25 30 48.116 15.561



NON-RANDOM SEQUENCING ERRORS — RARE EXCEPTIONS?

" IGV File Genomes View Tracks Regions Tools Help

( ON ] IGV - Session: [Usersfingo/PowerFolders/Projects/Weever-Nilsson/GenomeAnnotation/PacBio/data/Tdracofigv_session.xml

t_draco.fasta HiC_scaffold_1 scaffold_1:9,374,138-18,197,023 Go Tt <« » @ [ ® [ | (=] VT +]
1 |

- 8.763 kb >

10.000 kb 11.000 kb 12.000 kb 13.000 kb 14.000 kb 15.000 kb 16.000 kb 17.000 kb 18.000 ki

| | | | | | | | | | | | | | | | |
(i - (I NN O FH 1| S O N AN OO A O O 11

TRADR@56737@PB-combV/1.gff

short_output_gff_file.gff

short_output_gff_file-fs.gff

XM_032511302.1_msantd1.84
| I AR RN (NARTHRTT

XM_032544042.1_lurap11.37
I e |

L0C116686039.128
1l | I I

XM_032544569.1_arap2.40 XM_032544289.1_cckar.40

XM_032544132.1_vax2.40 XM_032499339.1_LOC116669459.37

I |
Type: LowCov
protein_hit: XP_031154151.1
evalue: 2.6e-17
bitscore: 73.6
identities: 70%
frameshift_count: 1
assigned_gff_region_type: noncoding
distance_to_next_CDS: 40




NON-RANDOM SEQUENCING ERRORS IN LONG-READ DATA...

-

U. pustulata —mmml)—(x—¢mmm—

U. hispanica —-—_—-—

—

stonustoxin subunit alpha-like [Perca flavescens]
Sequence ID: XP_028448282.1 Length: 415 Number of Matches: 1

...mimick gene structure

Range 1: 164 to 223 GenPept Graphics

modification and gene loss
...false positive signal in
comparative genomics studies
Score Expect Method Identities Positives Gaps Frame
115 bits(289) 2e-30 Compositional matrix adjust. 55/60(92%) 56/60(93%) 0/60(0%) +1
Query 1 SENEDHQDIQGNLKVMIKKIPNIATIEGEGSLKMEDKDRENVEKFSCRFFGDFSLEKNPVS 180
SENE HQDIQGNLK MIKKIPNIAIEGEG LKMEDKDR+NVE FSCRFFGDFSLEKNPVS
Qd 164 SENESHQDIQGNLKAMIKKIPNIAIEGEGLLKMEDKDRKNVENFSCRFFGDFSLEKNPVS 223
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FROM ORTHOLOGOUS GROUPS TO PHYLOGENETIC

PROFILES — GENE LOSS?!

@
om
||
\ Time

OO0 o

0G2

0G3

O

~/

Qon Genome

[ )

OG1 — core gene

OG2 — gene loss

OG3 — gene gain

0G4 — multiple independent gene loss (H1)
/ horizontal gene transfer (H2)/

Q)n’rqminqﬁon (H3\) )




WHAT HAPPENS WHEN SEQUENCE SIMILARITY DECAYS
AS A FUNCTION OF TIME?
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THE EVOLUTIONARY TRACEABILITY OF YEAST PROTEINS
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FROM PHYLOGENETIC PROFILES TO EVOLUTION OF
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PHYLOGENETIC PROFILES OF 303 EUKARYOTIC
RIBOSOME BIOGENESIS FACTORS ACROSS 900 SPECIES
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THE RNASE-MRP COMPLEX IN YEAST AND HUMANS — WHEN
LIMITED TRACEABILITY CONFOUNDS THE ANALYSIS
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PART 2 — WHAT MAKES ACINETOBACTER BAUMANNII
PATHOGENIC/VIRULENT?

m CARBAPENEM-RESISTANT
. ACINETOBACTER

il

i on surfaces. Nearly all carbapenem-resistant Acinetobacter
ived care in a healthcare facility.




WHAT CHARACTERIZES PATHOGENIC ACINETOBACTER?
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HOW TO CHARACTERIZE PATHOGENIC ACINETOBACTER?
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PHYLOGENTIC PROFILING THE ACINETOBACTER PAN
GENOME USING ORTHOLOGS — PRIMING STAGE

232 genomes

62 named species

Pan genome:
14,390 HOGs
22,350 OGs

[Phylogene’ric profiling

k BiehieRete b ken ket L B F 4 | 9|r<aéo /

_ ~ A venetianus JKSF06

. marinus
A. gingfengensis ANC 4671

A. ursingii DSM 16037
A baylyi ADPL
A haemolyticus CIP 64.3

A. parvus DSM 16617
100

socomi BLOS8
A. calcoaceticus TG19593
A. pittii ABBLO33
cr

L I e E R T &

@
g

L

A. dijkshoorniae CI78 &

§+-|-+-|---|-‘




PHYLOGENTIC PROFILING THE ACINETOBACTER PAN

GENOME USING ORTHOLOGS — PRIMING STAGE
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EXPLORE THE DATA VIA THE ACI-DASH
(HTTPS://ACI-DASH.INGRESS.RANCHER.COMPUTATIONAL.BIO)
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PHYLOGENTIC PROFILING THE ACINETOBACTER
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INNOVATION IN ONE CONTEXT: PROJECTION TO THE
TYPE STRAIN — A. BAUMANNIT ATCC 19606
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INNOVATION IN ONE CONTEXT: INFERENCE OF

EVOLUTIONARY AND FUNCTIONAL(?!) UNITS
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Kynurenine metabolism

A SELECTION OF GENE CLUSTERS PREVALENT IN THE

ACB CLADE AND RARE/ABSENT OUTSIDE
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WHAT CHARACTERIZES PATHOGENIC ACINETOBACTER —

N

Qs
Cs(ﬁ'}’;f’s

Ql(n=4)
BR(n=8)
LW(n=189)
BA(n=26)
HA(n=97)
CA(n=12)
PI(n=178)
L(n=7)
S(n=12)
NO(n=69)
B(n=2463)
1C1(n=120)
1C2(n=1548)
1C3(n=47)
1C4(n=4)
1C5(n=110)
1C6(n=31)
1C7(n=30)
1C8(n=55)

Quorum sensing & biofilm formation

EXCERPT

{ |

Qs
NRPS cluster N-Acetyl-homoserin-Lacton
(Luxl/LuxR type)

CsuA/B cluster (5x)

(archaic chaperone-usher pili)
(5-fold increase in AO114 mutant)
Adhesion to abiotic surfaces and cell
morphology but not motility

©

SCPU domain protein (12x) (CUP),
OmpA (1.6x), BAP (2), FilA (2.9x),

GacSA BfmRS cluster

Fimbrial protein (1.5x)
(Aci Core genome) (Aci Core genome)

(x-fold decrease in AO114 mutant)

D-Glucarate D-Galactarate
Ooue  bgoaate  Dhonne = Dokeos
E214
Ezma | i } 3 Qlin=4) > Biochim Biophys Acta, 2016 Feby1858(2):210-9. dof: 101016/, bbamem 201511013
S-keto-4-d-glu 6-P-gluconate trehalose-6-P+——— UDP-glucose BR(n=8) Epub 2015 Nov 29.
-1 i | o o . - L. .
ez = LW(n=189) Functional activity of L-carnitine transporters in
2,5-daxopentanaste ol = N o
2 trehalose  glucose-1-P BA(n=26) human airway epithelial cells
i wene
8
3 algC Fiippo Ingoglia , Rossana Visigall *, Bianca Maria Rotoli ', Amelia Barill 1, Benedetta Riccardi 2
g B BN s Paola Puccini 2, Valeria Dall'Asta ®
s [ERE] ructose-1,6-%
: [zim ructose-1,6-87 I”’
i oreemesror BN oh o |
3 k7 ;
3 i e \
D-glutamate oo ot LCAR R
oaloscetts ]gw - A - Y - ’
e o s Va &KX ) “‘L L
- / \ { \
o-maite I " I“”‘ CSinctiD) I I |
PCKG’ =] \ / \ /
- \ / \ - /
— e o5 csenll \ AS49 i\ CALU-3 y
malate semiakdehyde peg -—2”"1”" 1C7(n=30) BEAS-2B A NCI-H441
- R PRPP 1C8(n=55) - TN
-J a8 Y 'Y ——) high affinity
O-acylcarnitine «— - L-carnitine — low affinity
ST bet,
L-Carnitine

Ve

... D-Glucose (L-Carniiine

Carbohydrate metabolism

Abundance ACB

%

@emAB
@\BC.FEV

Iron Manganese Zinc ZnuD Molybdenum

feoABC MumRTLHUC

Article

Z9A The Response of Acinetobacter baumannii to Zinc

Starvation
acinetobactin

Brittany L. Nai ., Zachery R. Lonergan ! Jiefei Wang 2, Joseph J. Braymer 2, Yaofang Zhang >, M. Wade Calcutt >

5. John P Lisher 2, Benjamin A. Gilston *, Walter . Chazin % 5:€, Valerie de Crécy-Lagard 7, David P.Giedroc2 & 3,
Eric P Skaar L3R 8

,0 czdABCD
hutGITHUCD modABC

- baumannoferrin A/B J

0 » @ @

® 100 120 M0 0 2 4% 6 & 100 120 ¥ O 20 4 @ & 100 120 ¥ O 2 4 @ & 100 120

Abundance Outgroup

Micro-nutrient acquisition

10

Ql(n=4)
BR(n=8)
LW(n=189)
BA(n=26)
HA(n=97)
CA(n=12)
PI(n=178)
L(n=7)
S(n=12)
NO(n=69)
B(n=2463)

1C1(n=120)
1C2(n=1548)

1C3(n=47)
1C4(n=4)

1C5(n=110)

1C6(n=31)
1C7(n=30)
1C8(n=55)

alpha/beta hydrolase

% in A.b.

% in A. calco
% in other ACB
% in non-ACB

0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000
gene acquisition: |

| enriched process: [

Genes Kynd KynB KynU
iy L} L ] @
) N,
Enzymes -,
. Kreie ke 2
P comM st o STy
& & @ AU
LNPLS
7
Meabolies - 28
oo o . SO riggers TNF, IL-6,
—~ © 7 cx -l 1L-1, 1L-10
b yros - - 5
Topophn Fomyl Kynrenine Kymenine At
D — i

in . ceuginosa, the thee enzymes involed i this metabolic pathway and thet reaed genes

Sepsis syndrome

Tryptophane metabolism




WHAT CHARACTERIZES PATHOGENIC ACINETOBACTER —
MANY CLUSTERS ARE JUST A NUMBER...
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FUNCTIONAL DIVERGENCE OF ORTHOLOGOUS PROTEINS
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FEATURE ARCHITECTURES INFORM ABOUT FUNCTIONAL
DIVERGENCE
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LARGE SUBUNIT MATURATION IN ARCHAEA AND
EUKARYOTES — EVOLUTION OF COMPLEXITY
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PART 3 — THE EVOLUTIONARY MAKING OF SARS-COV-2
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LINEAGE SPECIFIC DOMAIN ARCHITECTURE CHANGES
WITHIN SARBECOVIRUS ARE RARE BUT INFORMATIVE
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INCREASING RESOLUTION TO THE SUB-DOMAIN LEVEL —
THE EPITOPE LANDSCAPE OF THE SPIKE
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INCREASING RESOLUTION TO THE SUB-DOMAIN LEVEL —
THE EPITOPE LANDSCAPE OF THE SPIKE
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FURIN DEPENDENT DESTABILIZATION OF SPIKE
A MASTER REGULATOR IN VIRUS — HOST INTERACTION
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(FURIN DEPENDENT) DESTABILIZATION OF SPIKE

EVOLUTIONARY FINE-TUNING SEEMS ONGOING
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(FURIN DEPENDENT) DESTABILIZATION OF SPIKE
EVOLUTIONARY FINE-TUNING SEEMS ONGOING
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