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Biological Collections Course 
(IPS-161) 5cr

1. Starting
session (Jaakko Hyvönen) 

2. Storage and curation of collections (M
arko Hyvärinen &

 Aino Juslén)

3. Botanical collections and their proper use (M
ikko

Piirainen)

4. Biological nom
enclature ICN

afp
(Alexander Sennikov)

5. Biological nom
enclature ICZN

 (Jyrki M
uona)

6. International conventions and agreem
ents affecting biological 

collections (Pedro Cardoso) 
7. U

se of collections in taxonom
ic research (M

aria Heikkilä &
 Annina

Kantelinen) 

8. Docum
entation, databases, digitalization, open data and 

biodiversity inform
atics

(Jere Kahanpää
&

 Kari Lahti) 

9. O
ther fields of biological research using collections (Leif Schulm

an &
 

AleksiLehikoinen)

10. N
etw

orks and collaboration am
ong natural history m

useum
s 

and collections (Leif Schulm
an) 
+ visits to collections &

 practicals



O
bjectivesof the

lecture

•
To understand the im

portance of biological 
collections in taxonom

ic research

•
To understand w

hat type of data can be obtained 
from

 collection specim
ens and sam

ples, w
ith a 

focus on sequence and genom
e-level characters

•
To learn how

 m
useum

s strive to preserve 
specim

ens and sam
ples so that they could serve 

present and future taxonom
ic research



Lecture
outline

•
Exercise to be done in pairs/sm

all groups
•

Im
portance of biological collections for taxonom

ic 
research 

•
How

 to access m
useum

 specim
ens

•
Data used in taxonom

ic studies
•

M
orphological characters

•
M

olecular characters
•

Storage of specim
ens and sam

ples

•
DN

A barcoding and m
etabarcoding

•
Genom

ics and m
etagenom

ics
•

Ancient DN
A

•
Exercise in groups, w

rapping up

M
usical break



•
Pdfsof lecture

slidesw
illbe

available
in M

oodle 

•
Supporting

literature: 
W

atson, M
. F. &

 al. (eds.) 2014. Descriptive taxonom
y. 

The foundation of biodiversity research.

•
Topicsw

illbe
revisited

in the
practicalon O

rthosia
m

oths(Group 1, Tue Septem
ber1st)



Taxonom
ic research 

•
The science of nam

ing, defining (circum
scribing) and 

classifying groups of biological organism
s on the basis 

ofshared characteristics

•
U

nderstanding biodiversity 

•
O

rder of evolution

•
M

any applications



Data used in taxonom
ic research 

M
orphology

Genes
Also, e.g., physiology, 
secondary m

etabolites, 
behavior, ecology, 
distribution 

harm
aaluppo -Bryoria

capillaris
Jouko Rikkinen, CC-BY-N

C-4.0

W
ikim

edia Com
m

ons, 
M

ariana Ruiz, CC-BY-N
C-4.0

W
ikim

edia Com
m

ons, 
DataBase

Center for Life Science,
CC-BY-N

C-4.0

•
Charactersthattellof com

m
on

ancestry



Data used in taxonom
ic research 

•
O

ften
taxonom

ic
classification

is based
on m

ultiple
charactertypesand analysism

ethods.

•
Som

etim
es

there
are

no cleardifferencesin the
m

orphology/DN
A/ecology/othercharactersof a species

and therefore
it is good

to look at differentsourcesof 
inform

ation.

•
M

ethods
and charactersused

in species
delim

itation/system
aticsdepend

on the
group

of 
organism

sin question.



-
M

orphology
-

DN
A barcodes

-
ddRAD





Studied
3000 specim

ensfrom
12 collections

•
CJH

L
Collection Jean Haxaire, Laplum

e, France
•

CREA-FL
Centro di ricerca

Foreste
e Legno (Research Centre for Forestry and W

ood), Rende, Italy
•

HN
HM

Hungarian N
atural History M

useum
, Budapest, Hungary

•
LM

K
Landesm

useum
Kärnten, Klagenfurt, Austria

•
M

CSN
M

useo Civico di Storia N
aturale, M

ilano, Italy
•

M
N

H
U

M
useum

 fürN
aturkunde, Hum

boldt-U
niversität, Berlin, G

erm
any

•
N

H
M

 The N
atural History M

useum
 (form

erly British M
useum

, N
atural History), London, U

nited 
Kingdom

•
N

H
M

W
 N

aturhistorischesM
useum

 W
ien, Austria

•
RN

S
Royal N

atural History M
useum

 (N
aturhistoriska

Riksm
useet), Stockholm

, Sw
eden

•
TLM

F
TirolerLandesm

useum
Ferdinandeum

, Innsbruck, Austria
•

ZM
HU

M
useum

 fürN
aturkunde

–
Leibniz-InstitutfürEvolutions-und Biodiversitätsforschung, 

Berlin, G
erm

any
•

ZSM
Zoologische

Staatssam
m

lung, M
unich, Germ

any



Im
portance of biological 

collections for taxonom
ic research

•
Biological collections are the cornerstone of taxonom

ic 
research for m

any groups of organism
s

•
Im

m
ense record of biodiversity on Earth, also of 

biodiversity
w

e
have

lostand w
illlose

•
Specim

ens often collected from
 the m

ost inaccessible 
parts of the Earth

•
Collections specializing in certain groups of organism

s 
or geographical areas

•
Institutional and private collections

•
The “extended specim

en” –
videos, sound recordings, 

photos



H
ow

 to access collection 
specim

ens?
•

Specim
ens and sam

ples can be accessed through 
visits and loans, increasingly also as virtual loans

•
Perm

ission to m
ake dissections or detach parts of 

the specim
en, e.g., for DN

A extraction alw
ays need 

to be requested separately.



Visitsto m
useum

sand specim
en

loans
•

In m
ostcases, firsthand

exam
ination

of the
specim

en
is 

preferred.
•

Sending
specim

ensis alw
aysrisky. Specim

enscould
be

dam
aged

orlostin the
m

ail.
•

If possible, hand-carry
loaned

m
aterialw

hen
travelling.

•
Travelling

to m
useum

saround
the

w
orld

costsm
oney 

and is notalw
aysenvironm

entally
friendly.

•
Som

e m
useum

srequire
passing

a testbefore
you

can
study

theirm
aterialorshow

 otherproofthatyou
have

the
required

expertise
to study

thatkind
of m

aterial.



Virtual access

•
Virtual loans on request

•
Digital photos of specim

en and labels, possibly also of 
associated m

icroscope slides



Virtual access

•
M

any institutions have program
s to digitize 

collections

Photo: Luom
us



DiSSCo

•
Distributed System

 of Scientific Collections

•
115 European M

useum
s from

 21 Countries

•
The DiSSCo

Research Infrastructure w
orks for the digital 

unification of all European natural science assets under com
m

on 
curation and access policies and practices that aim

 to m
ake the 

data easily Findable, m
ore Accessible, Interoperable and Reusable 

(FAIR)

•
https://w

w
w

.dissco.eu/

•
https://w

w
w

.dissco.eu/w
hat-is-dissco/



Virtual access

•
In the future m

aybe also for DN
A (sequencing on 

dem
and)



Virtual access, lim
itations

•
In m

orphological studies, it is often necessary to 
handle the specim

en yourself, to be able to look at 
it from

 different angles and at different 
m

agnifications



Data used in taxonom
ic research: 

M
orphologicalcharacters

•
Extantand extinctorganism

s(fossils)
•

Discrete (e.g., presence/absence) and continuous 
characters (e.g., m

easurem
ents)

•
U

seful in species descriptions, system
atics, and in 

studies of character evolution.



O
bservation

of m
orphological

structuresoften
requiresdissection

•
Som

etim
es this cannot be done:e.g., rare 

specim
ens, type specim

ens:
•

Holotype: the single specim
en designated by an author as the 

type of a species. The specim
en, or each of a set of specim

ens, 
on w

hich the description and nam
e of a new

 species is based.

W
ikim

ediacom
m

ons: CC BY-SA 4.0
Hedbergia

abyssinica
holotype

M
uséum

 national d’Histoire naturelle, Paris (France) Spécim
en P032763

W
ikim

edia com
m

ons: CC BY-SA 4.0
Label of the holotype of Lepyrusm

erkliKorotyaev, 1994.



Exam
ple of a non-destructive 

m
ethod: µCT-scanning

µCT-scan of pinned m
oth

Photo: Pasi Sihvonen



Data used in taxonom
ic research:

M
olecularcharacters

•
In m

oleculartaxonom
y/system

atics
scientistscom

pare
m

oleculesto gain inform
ation on an organism

's 
evolutionary relationships

•
M

icrom
olecules, e.g., sm

all m
olecules responsible for colors, 

scents, and chem
ical defenses 

•
M

acrom
olecules, e.g., proteinsand nucleic

acids(DN
A, RN

A)
•

Closely related organism
s have a high degree of 

sim
ilarity in the m

olecular structure, w
hile m

olecules of 
distantly related organism

s often show
 a pattern of 

dissim
ilarity

•
Com

parison of several hundred to hundreds of m
illions 

of traits depending on the technique



•
DN

A degradation 
•

natural postm
ortem

 processes 
•

preservation m
ethods

•
Im

portant to docum
ent treatm

ent practices to 
facilitate future analyses enabled by as yet
undiscovered technologies 

•
. 

28.8.2020
24

Henkilön nim
i / Esityksen nim

i / Tieteenala

Storage and preservation
of 

sam
ples



•
Collections of tissue and DN

A from
 laboratories, 

zoos, aquarium
s and m

useum
s

•
Also sam

ples from
 w

ild populations and organism
s 

that are now
 extinct

Frozen tissue and DN
A collections



•
e.g. from

 very old sam
ples or specim

ens in 
form

aldehyde
•

N
on-destructive m

ethods

Developm
entof new

m
ethodsto 

extractDN
A from

m
useum

specim
ens



Sum
m

ary
•

Biological collections contain specim
ens collected over centuries of field 

exploration, including rare and extinct species

•
You do not have to go in the field to collect everything all over again

•
M

odern technology is helping us exam
ine m

orphological structures 
w

ithout having to dissect or dam
age the specim

ens

•
M

odern m
ethods are helping us extract DN

A from
 m

useum
 specim

ens

•
N

ew
 m

ethods to preserve collection specim
ens and sam

ples are sought



M
usical break

•
https://m

.youtube.com
/w

atch?v=gfQ
L7bXw

zvM



U
se

of biologicalcollectionsin 
taxonom

ic
research

w
ith a 

focuson genetic
data
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Contents

•
Barcoding

•
M

etabarcoding
•

Genom
ics

•
M

etagenom
ics

•
AncientDN

A
Lichens are sm

all ecosystem
s: 

m
ycobiont&

 photobiont, but also 
other fungi, algae, secondary photobionts, 
protozoa and non-photosynthetic bacteria. 



You
w

illlearn:

1.) To explain
w

hatkind
of DN

A m
ethodsare

used
in 

collection
based

research.
2.) To explain

w
hatkind

of progresshashappend
w

ithin
the 

lastdecade
and w

hatkind
of possibilitiesthese

new
 DN

A 
technologiesare

opening. 
3.) To create

research
questionsas partof today´sgroup

excercise.
4.) To analyze

and reflectallthisin yourlearning
diary.



Collections

•
N

atural history m
useum

s are a diverse biobank of 
biodiversity, including extant, rare and extinct taxa

•
M

any species are m
ore accessible in collections than 

in their original habitats
–

rem
ote geographical areas

–
rare or endangered taxa

–
taxa that have gone extinct 

–
taxa that have not been seen 
since their initial collection



DN
A barcoding

•
DN

A barcode: a sequence
thatcan

be
used

to 
uniquely

identify
an organism

to species
•

Standardized
DN

A area
(500-1000 bp.)

•
ITS, CO

I

Picture: N
orbertHolstein 2001



Barcoding

•
”Deficiently

know
n

forestlichens–
identification

through
DN

A-barcoding” 2011-2012 
•

Specim
ensw

ere
collected, m

orphologically
identified, sequenced, and deposited

in the 
herbarium

and DN
A databases

•
DN

A barcode
w

ascreated
for 108 lichen

species
–

Also
scientifically

new
 species



High-throughputsequencing
(HTS)

•
M

etabarcoding, genom
ics, m

etagenom
icsand 

ancientDN
A.

–
Also know

n as next-generation
sequencing

(N
GS)

•
Rapid

and cost-effective
•

HTS techsenable
hundreds

of m
illionsof DN

A 
m

oleculesto be
sequenced

at a tim
e

•
Enable

m
ore

reliable
phylogenetic

and evolutionary
analyses



High-throughputsequencing





M
useom

ics

•
High-throughput sequencing (HTS) technologies 
offers a prom

ise of efficient w
ays of sequencing DN

A 
from

 m
useum

 specim
ens

–
HTS involves sequencing of short fragm

ents of DN
A, w

hich 
is characteristic of DN

A extracted from
 old m

useum
 

specim
ens, eg. type specim

ens
–

Large volum
es of sequence data from

 relatively sm
all 

am
ounts of starting m

aterial



M
useom

ics

•
The ability to sequence genom

es from
 old 

specim
ens has expanded the variety of 

interesting taxa available to study AN
D the scope 

of questions that can be investigated in order to 
further know

ledge about biodiversity

N
ew

 article:M
useom

icsof a rare taxon: placing W
halleyanidae

in the Lepidoptera Tree of Life. 2020. Tw
ort, V. et al.

–
Genom

e-w
ide data w

as recovered and analyzed from
 insect 

specim
ens collected in 1960s



M
etabarcoding

•
DN

A-based
identification

m
eetsHTS

–
500-1000 bp, 16S rDN

A

•
Great for m

ixed
speciessam

ples
–

environm
entalsam

ples, eg. dead
w

ood
–

com
m

unity
ecology

N
ew

 article: PacBio
am

plicon
sequencing

for m
etabarcoding

of m
ixed

DN
A sam

ples
from

lichen
herbarium

specim
ens. 2019. 

Gueidan, C. et al.



W
hole

genom
e

sequencing

•
M

ore data, w
ide range of research questions

–
Evolution, adaptation, m

etabolism
, genetics…

 

N
ew

 article: The lichen
sym

biosisre-view
ed

through
the genom

esof Cladonia
grayi

and itsalgalpartnerAsterochlorisglom
erata. 

Arm
aleo, D. et al.2019.

-The first parallel genom
ic analysis of lichen sym

bionts
-From

 cultures



M
etagenom

ics

•
Study

of ALL genom
esfrom

a m
ixed

com
m

unity
of organism

s
–

Environm
entalsam

ples, eg. m
icrobes

–
Sym

biotic
organism

s, eg. lichens

“Because of its ability to reveal the previously hidden 
diversity of m

icroscopic life, m
etagenom

ics offers a 
pow

erful lens for view
ing the m

icrobial w
orld that has 

revolutionized understanding of the entire living w
orld” 

M
arco, D. 2011



M
etagenom

ics&
 lichens

•
Genom

ic studies in lichenology are considerable delayed 
due to the sym

biotic nature of lichens
•

Their sym
biotic nature m

akes it really difficult to obtain 
m

ycobiontgenom
es by techniques w

idely used in other 
groups of organism

s
–

Researchers have tried to culture the m
ycobiont, but obtaining 

and m
aintaining such cultures is difficult and unpredictable

•
In m

etagenom
ics the DN

A present in the entire lichen 
sym

biosis is m
assively sequenced, and the m

ycobiont
part is recovered using different com

putational tools



M
etagenom

ics&
 lichens

N
ew

(ish) articles:



Ancient DN
A

•
Collections are increasingly used in biogeographical, 
environm

ental and taxonom
ic studies. 

•
Correct species identification and genetic inform

ation is 
crucial!

•
Type specim

ens are often old and their DN
A is degraded

–
Their successful sequencing is of high priority

N
ew

 article: DN
A sequencing

historicallichen
specim

ens. 2019.
Kistenich

et al.
-Target sequences (m

tSSU
)

-Sam
ples from

 every 25 years from
 present to 150 years back in tim

e. 
-Received satisfactory DN

A sequence inform
ation for 54 of 56 specim

ens
-Recovered full-length sequences for several m

ore than 100-years-old specim
ens!



Challengesand future
aspects

•
HTS challenges:
–

De novo
assem

bly, because
no reference

data available
–

Short readsare
bioinform

atically
dem

anding
–

Low
recovery

•
HTS future:
–

Short readsare
becom

ing
longer(Illum

ina
200 bp

-> PacBio
1500 bp)

•
N

otjust w
hatyou

CAN
 do, butw

hatyou
W

AN
T to do

–
W

hatis yourresearch
question?

–
W

hatis yourresearch
question

5 yearsfrom
now

?



M
ore

info aboutthe m
ethods

•
A lecture “Fundam

entalsof Genom
e

Assem
bly” by Jared 

Sim
pson (O

ntario Institute for Cancer Research) 
https://w

w
w

.youtube.com
/w

atch?v=5w
vGapm

A5zM

•
W

orkshop on Genom
ics, Cesky

Krum
lov

(w
w

w
.evom

ics.org)
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Today´sgroup
w

ork

•
Form

groupsof 2-3 persons

•
Exam

ine
a specim

en
and discuss

how
itcould

be
used

in research
–

Are
DN

A-studiespossible?
–

W
hatm

ightbe
the challenges?

–
W

hatkind
of research

questionsw
ould

you
like

to ask?


