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Phylogenetic analysis of SARS-CoV-2 data is
difficult

Benoll Morel' ', Plerre Barbera® ', Lucas Czech’, Ben Belfisworth', Lukas H:h;m.r"’, Sarah Lutlu'um:+ Daora Serdar’,
EvangeliaGeaorgla Kostakl”, loannis Mamajg", Alazay M ]{on‘w’,fgﬂu Pavlidis™, Dimdtrios Paraskevis’, and Alexandros
Stamalakls -
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H (PUAOYEVEDN givai eTtiong
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Australia has more poisonous snakes
than any other continent, and many
people die from snakebites each year.
Developing effective antivenins is thus a
high priority, but little is known about the
venins of most species.
Phylogenetic analysis is helping with
this task because venin properties
correlate strongly with evolutionary
relationships.
Although the red-bellied black snake
looks very different from the king brown,
it is actually closely related and can be
treated with the same antivenin.
Conversely, the looks
very similar to the king brown, but it is
only distantly related and thus responds
best to different antivenin.
The phylogeny is also predictive: the
recent demonstration that the poorly-
known is closely related to the
(orange lineage) predicts
that the former is also highly dangerous
and might respond to widely-available
death adder antivenin.

Black whip snake

Talpan

Fierce snake
Common brown
Weslem brown
Dugie

Collait's snake
Spottad black
Butler's snake

King brown
Red-bellied black
Dieath adder
Barclick

Small-eyed snake
Ausiralian copperhead
Tiger snake
Rough-scalad snake

Broad-headed snake

1 100

AvTidoTo

Taipan
Brownsnake
Blacksnake
Death adder

Tiger snake



AVWVULPEC AANAOULXIEC

...CCCAT ... _.CCC.CC...

Avwvuuec aAAnAovyiec amnd €(dn nov 6ev yvwpillovue



AVWVULPEC AANAOULXIEC

...CCCAT ... _.CCC.CC...

Avwvuuec aAAnAovyiec amnd €(dn nov 6ev yvwpillovue
MNwoto €idog 1 \</ | / MNwoto €idog 3
* \\

MwoTo £(60¢ 2 v

AEVTPO avaPOPAC

MNwaoTto €idoc 4



AVWVULPEC AANAOULXIEC

..CCCAT ... ...CCcCc.cCcC...

AVWVUUEC a)\)\n)\ouz((sq F;né £(dn mov 6ev yvwpiCo g’gggﬁi‘ggg&;g\giiigon
/ﬁ/ // - \\\\ \\

Mwotd €idog 1 \( [ Mwotd €(dog 3
ya N\
Mwoté €idog 2 N 4

_

- MNwaoTto €idoc 4

AEVTPO avaPOPAC



AVWVULPEC AANAOULXIEC

.CCCATL...  _.cccocc..

Avwvuuec aAAnAovyiec amnd €(dn nov 6ev yvwpillovue

/ J; \ \ V4

] ) b \ Mapadetypata

/o -eVOEPLEC OLYKPOVOELG
/ ,"J ‘\ , , Vd

MNwaoté eidog 1 [ NwoTté ei -BakTnpidLa

* -Lol (Kopovoldg)
\
, , %\\/// \ \
M'vwoTo €idoc 2 v

AEVTPO avaPOPAC

MNwaoTto €idoc 4

2o
A= (525
AN iz

' TRIZUNE



[TaxVvidl QUAOYEVETIKIN G TOTIOBETNONC
VIO HOONTEC — EVOEPIEC OLYKPOVUOEIC
* https://cme.h-its.org/exelixis/eseb/public/en/core/title.html

Aerial Collisions

A research team found out, how birds around the world are related to each other.

Do you see, which hirds are closely realted to each other? That is fascinating, right? Click on the images to find cut more about the bird on the image.
‘ What s a phylogenetic tree? |
The molecular laboratory received a bird sample from a plane that should be identified. Can you help them?

\ Become a real bird researcher \

Where do the DNA samples come from? Watch this short movie!

MpooKpoLOELS IOUALY o8 agportAava/Bird St. D
Link kopier...

Ansehen auf B Youlube “ m
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[1wW¢ OIAAEYOLE TO TTIO TTIOAVO;

2kop: 1.0 C

\ 2KOp: 3.0/ A\ 2KOp: 2.0/ B

C D D C

XpelalOpaaoTe KPITHPIO (MaBNUOTIKA MOVTEAN) VIO VO ETIAEEOVLPE TO TIIO
TIOAVO OEVTIPO — ONANDI TO dEVTPO TIOU TAIPIALE/EENYEL TTIIO KOAX TO dEdOUEVA
DNA TtIoU €XOUME



ApPQ, TIPETIEI VA BPOVUE TO OEVTPO ME
T0 BEATIOTO OKOP

N

2kop: 1.0 C

BEATIOTO OEVTPO

\ 2KOP. 3.0/ A\ 2Kop: 2.0/ B

('3/



ApPQ, TIPETIEI VA BPOVUE TO OEVTPO ME
T0 BEATIOTO OKOP

BEATIOTO OEVTPO
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BEATIOTO Agvipo - 1oV gival To DNA;

."CCQ CC... LWAACGTT...
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...CCCACC...



2 VUTIEPOOUO

* 0 4 €idn £xovpe 3 dIAPOPETIKA OEVTIPO

e ApQ, TIPETIEI ATIAG VO UTTOAOYIOOUE TO OKOP pag (oTov
UTTOAOYIOTH) YIO AUTA TO TPIC QEVTPO VIO VO BPOVE TO OEVTPO UE
10 BEATIOTO OKOp

e Na 5,6, 7, ... €idn TTOOA dEVIPA TIPETIEI VO OKOPAPOULHE OUWC —
TIOOO OEVTPA UTIAPXOULV;



AC KOTOOKEVOOOULUE OEVTPU
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3 €idn - 1 devipo
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6 €idn — 105 devipa
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Blogik

e Mo va BPOUPE TO BEATIOTO OEVIPO TIPETIEI VO UTTOAOYIOOULE TO OKOP
yia OAA 1a dEvTpa

- OEV LTTAPXEl OLVOTOTNTA VA “KOWPOULPE dPOUO”
10 €idn — 2 x 108 devipa

11 €idn — 3 x 107 devpa

15 €idn — 8 x 1012 devipa

20 €idn — 2 x 1020 devtpa

50 €idn — 3 x 1074 dEvtpa

e AV UTTOBECOULUE, APKETA PEOAIOTIKA, OTI O UTTOAOYIOHOC TOL OKOP YIO
EVA OEVTPO TIAIPVEL 1 OEVTEPOAETITO



XpPOVvo¢ YTIOAOYIOUOU

10 €idn - 555 wpeC

11 €idn — 8333 wpeg n 347 PEPEC

15 €idn —» 92592592 uéEpeg n 260091 xpovia

20 €idn - TEPITIOL 2x1015 pEpeC N 5.5x1012 xpovia
50 €idn - Tepittov 3x10%° pepeg n 9.5x1086 xpovia

Kal éva devtpo pe 50 €idn onuepa Bewpeital PIKPO

>av Va Bapdcg To KEQAAI 00U OTOV TOIXO ... EVa TIPAUO



O ap1Bpog devipwy yia 2000 €idn

stamatak@exelixis:~/Desktop/GIT/TreeCounter$ ./treeCounter -n 2000

GNU GPL tree number calculator released June 2011 by Alexandros Stamatakis

Number of unrooted binary trees for 2000 taxa: 30049638174211656151632910065681814981377232074237013089504954043012636525258308210827685996688247000464352735214265634288295
8915023446000631493969130632970436056184861877465482277991223536809233455563199910834597693126756525012899867433187752811401960991631522367030609121735709762379847705467667
7795324797182614385273338226727784250737252849916669687584403510579587020686505817687044666318123742901021438506432471360934491667021135969756940300666252646479269124551031
4942366195542824118277625114848758254581227914289801132648902674033761294712745767036267579086843169660718609847941818865957214557044744572288661729053583520744253688123124
0106613156948861960941195646736200342575241335277575085829161096422575727699767991408283343210161327401652830993803904592327690690035972919709940739349563486203899010742687
2822975974655377102257672676842858011877224950106218117340523208265397342962227352536590515865631383272031119841987467599738646318290320383252308597997992216101227215780805
2481458312068440167606239306009711616729715504728487799634337531348994230372437347879131989085953764070134849446113877572576952408702461720107874297380462275052545706689372
3194182064407068918840038705902897721975164544959758216621306205064617761099485663734168183584989329076993382067801052437284614924034229611551826097782286191926720712951895
8936009958130974233072316382518428110330571017441156884305131865877544376308500311451110723837039707465182232040406154708273078629957549331031275208616700660791298014262230
0565123522718063819509335872651728623589020520016144361756075654286471422126613004434807084067501589247673166341539540575074474994909831496473031080411401891849735912811228
3787740498848340562102420566424463860093899650857429619472690543015281237526510965815284699797036792171129035568096180791695879516141592810495281798558472925344478644244359
98085315372047968149694659917686145337010519859285771574824559433772423695825762426630169463204824951822559392874031776234336881048604630975191556923871167513095213415098816
7154643078623526062377864068386804246902527491139319276802611515990582603886733172930713673903403618637463980605764836474670274446727880885337074254421922726677747003329403
3201038288035112689026255183096791948358678929370163768175304820633894387149793115235369822962511116307148294599211620803302684762013335690441089668145436150905155877581167
9770012563912151116237444170497371704604029481104114822286466131918821997571383368352072526055202769823974613218495249264897050790398360256255606289852288839561357874156576
6488999260873286612630642543260248979229113560071640573984516375245243376943755857384725545564397599604255914640112221144755235573176239973057747183956531217416532295986675
9012941161239240722093250369673124884491553759210650656015416720774159236240868667675348286512964888739059707578802473393463470848159011639772797747480417316268700916728735
6121642268468160683198959801260376485615312781611689587215123123308760063473381097253118423339640390937378395066835578735307886358646400563299499490631187424029092779272693
3003224453775957972248734568915114585570763850541681667667425811301958063621907500790295031088209097271748136436989473971079932777700676301730617566538739726037777173008441
34394051236690555449324861650825399577950363267049478442934988531727973468177797146567175151178876396434069332458076346110734214328195049909680874027397688914704517472055543
8969396668742601477241894693212902453317334188286773194653544113302100866575081713240342647580489218623663461607955943720516395154096949806486242309796947211169665961580041
7883992232264628498942352276926391124360767508997671789683459337890742346354557193530665615379900277916265636361861974048590938234062235459769733137213659343717585590664439
6461328300113672601934068706442339489199215304385281541659630118549423634863524585746642834609062916279564926584723003608555598989761916293248140094592489899468468862322586
0170551468905649837276003927487069550463788819741699429049102853180410776516007263384721638903782270013843599599730265727198804324664312359758555217196960513921010226596324
7887830977405333131551762978152880718652603176327264828094499370456258099938053058497699570080289379808014902901005293898472279947167804821689424159118284257696464786505731
53251783023363072982516922103465842658944474649161238546897185079681729091390321828341111848213847677283165486532123173820041319905105189670222018870495856871805095907360360
6930402937216038968917605587676955382318093705826257083898387409098468656634271397500013291835105943321729879825243707508272087959859437157667660155782699660343197752623308
8989962587800628009560944416932377944955441033696586261556256010669390303203878970983673786087056641433585106111656314520424513208508589994932364831689671194951671619567622
70709069738895868855579562466641536561723549301807394004760529801721771391686788000277851966173070061284517307582503735643102065112443730825229625040453160590741343881872563
47791383066059093188025223100853401768402614015396169891920751471080337577088497401418345997539720598768682064879116064969858177601153972058498222698907181349432691801821173
31880636539108936898117148913574566805428074851701758582666396335701893544498326697628350926579222017463721902731196417514858944010079636876017826747107019945473218887832742
6088966724371574713420600093704251309893630537459784279980403132989417266492290425730958368534416215640557290282066224003863237526380910233269897838860423759625601567975262
6950798639868104294832333160267216555178120899264677804935741326387137408423885546538336158643451305439624281397279559725995110706314305992615495622958320232708057681156690
4895866105220300573725298472118747827136713666058669271094875563974858489475910819727033878284439864486743456200958161930314727345961900499318424337975243662489363321244850
5971992523668529249305346252764137853413208943128901523738092556045987090912766662329678703328882059134949580074074473143388800724532321747309659741967114441453127132790205
10100476710143506388579534768447255389801541923317027519896180635152682543173193832925891931530164130548972311128666465492971930479296432829556719092881692091042334122007454
2420499008725850462080511048758830594959903111887366685094148821725734576355233964038481318213167408359006916400053262258184783765067804451177717328658189899215355309447765
350341796875

Approximately 3.00 times 1076328



NP-okAnpa MNMpoBAnuata

* 3TNV TIANPOQPOPIKNA (KOl OTNV KABNUEPIVOTNTA) LTIAPXOULV TIOAAN
TETOIO TIPOLBANHATA, OTIWC N EVPECN TOU BEATIOTOU
(UAOYEVETIKOU OEVTPOU — OTTOU XTUTIAC TO KEQAAI OOV OTOV TOIXO
— AOYW TOL (UTTEP)EKBETIKA aL&AVOEVOL OPIBOL AVOEWV OEV
UTTOPOVUE va BPOUPE TNV BEATIOTN ALON ... YIOTI Ba TIEPIPEVOUE
VIO OIWVEC



‘Eva aAAo Ttapadsiypa
TIPOCOPUOCHEVO TNV Kpntn

O TIEPITIAAVWUEVOC TOLPIOTAC
> HaBnpatikG TPoBANUA ToL TTAQVOAIOU TIWANTA

‘Evag toupiotag BEAEL va d€l T 7 a&loBEata Tou vnalov,

> € TT0I0 A&I0BENTO TIPETIEI VO EEKIVIOEL KAl PE TIOIN OEIPA TIPETIEL VO TA ETIIOKEQPTEI WOTE VO
BeATIOTOTIOINOEL TNV KATAVAAWGT) Bevdivng Tou (Vo EAOXIOTOTIOINGCEL TO XIAIOYETPOA) Kal Vol
ETIOTPEYEI OTO Onueio ekkivnong (Eva aTto 1o 7 a&lobata);

OUTE yIO OUTO OEV UTTIOPOVE Va BPoVPE TNV BEATIOTN AVGT YIO HEYOAO APIBPO agl0BEaTWY
Ma v aéloBeata LTTAPXOLVE V! DIAPOPETIKEC DIODPOMEC

— 7 0&loBEata — €TIAOYEC: 7 X6 Xx5x4x3x2x 1

> V=7, 71=1x2x3x4x5x6x7= 5040

-~ v=8, 8! =40320

KOl TTAEl AEyOVTOG ...
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AANQ MNapadeiyuata

* BEATIOTN KOTavour B€0ewv o€ TPATIECIO EVOC YAUOU WOTE PIAOL
va kaBovtal padi kai €x8poi o Eexwplota TpaTtedio

* BEATIOTN KOTOVOUN QIBOLOWY OTOV TIOVETUOTI|UIO WOTE Ol
TIEPIOOOTEPOI KABNYNTEC VA KAVOUV JABNUO TNV WP TIOU
BEAOLV



[Tiow ota OEVIPA — AUCEIC OTNV
pagn

BEATIOTO dEVTIPO

KoAd oKop

XWPOG £€EPELVNONG \

> TPATNYIKN
Poaéipatog

\
XAAla oKop
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[Tiow ota OEVIPA — AUCEIC OTNV
pagn

BEATIOTO dEVTIPO

’ ’ KaAd okop
XWPOC £¢EPELVNONG R
>TPATNYIKN
Poaéipatog
\
XAAla oKop

To TtPOBANHA va BPoOHE TO BEATIOTO AEVTPO Eivol NP-CKANPO yio A TO YVWOTA KPITHPIO
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[Tiow ota OEVIPA — AUCEIC OTNV
pagn

BEATIOTO dEVTIPO

>TPATNYIKN
Poaéipatog

> UVABWC KOAAAUE PE TO Paipo
o€ €Va TOTIKA BEATIOTO dEVTPO

To TtPOBANHA va BPoOHE TO BEATIOTO AEVTPO Eivol NP-CKANPO yio A TO YVWOTA KPITHPIO
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AEVTPA EKKIVNONC

BEATIOTO dEVTIPO

KoAd oKop

XWPOG £€EPELVNONG \

AEVTPO ekKivnong O

\
XAAla oKop

61



62

AEVTPA EKKIVNONC

BEATIOTO dEVTIPO

XWPOG £€EPELVNONG

AEVTPO eKKivnong 1

KoAd oKop
A

\
XAAla oKop
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Aoun OUAIOG

* Epappoyeg PUAOYEVETIKWVY AEVTPWV
* YTIOAOYIOTIKI MOAUTIAOKOTNTO
* AAAeC MNMPOKANOEIC



[Tviyopaote ota Asdopeva

KOoTOC YOVIdIWUATOC

$100,000,000

$10,000,000

Kootocg
UTTOAOYIOHOU

$1,000,000

Kootoc

$100,000

$10,000
N I H National Human Genome
4" Research Institute

genome.gov/sequencingcosts
L 0 O L S SO S e O
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Xpovog



AedOUEVA OTO TIEPAC TOL XPOVOU

Agkaetia Tov 90

« 10-20 €(dn & éva yovidlo

* Eva yovidio: nepimov 1000 yapaktripec DNA ava €i{bog

2001 (6Ttav GpxLoa To dLBAKTOPLKO)

« 150 €{dn & éva yovidlo (Baktnpidia)

2011

« 55,000 €idn & 10 yovidia - mepimov 10,000 xapaktNpec DNA ava €idoc¢ (putd)

2014

* 140 €(dn & 0AOGKANPO TOo Yovdlwua - mdvw amnd 1,000,000 yapaktripeg avd €(dog (MOLALA)

"Whole-genome analyses resolve early branches in the tree of life of modern birds". Science,
46(6215):1320-1331, 2014

2019
« 350 €(dn & oAbKANpPO TO Yovdlwpa - mdvw amd 1,000,000 yapaktripeC avd €(50C (TMOLALA)
- xpeldotnkav 500,000 wpeg vtoAoylopoD yia va vrtoAoyloovpe ENA 6€vtpo



500,000 wpeC VTTOAOYIOUOU);

e XPNOIUOTIOIOVHE TIOPAAANAOUC ETIEEEPYATTEC

MapAAANAOC eTIEEEPYAOTAC VIO TNV EpELVA 0TO MOvaxo — Ttavw aTto 60,000 TTLPHVEC



[TPOKANCEIC

* H 1tapaAANAOTIOINGT OTIAITEN TIOAAN OOUAEIA TOU
TIPOYPOUMATIOTH, WOTE OTAV TPEXOVUE TO TIPOYypPApuUa o€ 10
TTUPAVEC VO TPEXEI Kal 10 pOpEeC TTI0 ypriyopd

e KATavoAwVoULUE TEPACTIEC TIOOOTNTEC eVEPYEIOG pe 500,000
WPEC LTTOAOYIOHOU
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DIAOCOPIKA ZNTHuaTta

* JTIC TIEPIOCOTEPEC TIEPITITWOEIC OEV YVWPI(OVUE
TO TIPOYUOATIKO (PUAOYEVETIKO OEVTPO

* [MPETIEI VO LTTOAOYIOOUVUE OXI HOVO EVO OEVTPO
OAAQ KOl TNV aBeBaiotnta tou

* AvOAoyd PE TO OEAOUEVO TIOU EXOUUE TO OEVTPO
LTTOAOYIZETOI EVKOAQ ) OVCKOAD
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AuTQ;
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El
E2

'H avutq;

El
E2

E10 ||||||||||||||||||||||||||||||||||||||||||||||||

Niya €idn, HEYAAEC aAANAOLXIEC ava €100C
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XIAIAOEC €idN, MIKPEC O€ PNKOC OAANAOULXIEC
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AUVOKOAIO AEOOHEVWV

AIYO UTIOKOAIOTIKO €ival QUTO  — UTTOPOVE VO OPICOLPE TOV BaBuo
OUOKOAIOC HOBNUATIKA;

El
E2

E10 _

E0koAO

AUVOKOAO
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Kat Ox1 yovo, UTtopoupE va
TIPOBAEYPOLE TOV BaBuO dLOKOAIOC

JOURNAL ARTICLE

From Easy to Hopeless—Predicting the Difficulty of
Phylogenetic Analyses &

Julia Haag &=, Dimitri Hohler, Ben Bettisworth, Alexandros Stamatakis

Molecular Biology and Evolution, Volume 39, Issue 12, December 2022, msac254,
https://dol.org/10.1093/molbev/msac254
Published: 17 November 2022

MEBod0¢ TeEXVNTHC vonNuooLvng

Maipvel Ta dEAOPEVA Kal KAVEL TIPOYVWON TOL BaBuol dUOKOAIOC yia TNV
Kataokeun dévipou PeTaéL 0.0 (eUKoAO) kat 1.0 (OLOKOAO)

H 1tpoyvwaon tou Babpol dLVCKOAIOCG PAC ETITPETIEI VA TIPOCOPPOCOLHE avAAoya
TNV OTPATNYIKI avAALONC TWV OEOOPEVWV LOC



2 0C ELXOPIOTW TIOAU

Niotapog, Kpnitn
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