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Monitoring genetyczny populacji wilka
(Canis lupus) jako nowy element
monitoringu stanu populacji duzych
drapieznikow
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Co to jest monitoring genetyczny?

Monitoring genetyczny to regularnie powtarzane
pomiary parametrow populacyjnych przy uzyciu
molekularnych markerow genetycznych.

Ocena to jednorazowy pomiar parametrow.
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Rodzaje monitoringu genetycznego
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Genetic monitoring
(Multiple time events)

Category |
Diagnostic molecular markers
for traditional monitoring

Category la
Multi-locus genotypes

diagnostic for individuals
(1, Microsatellite; 2, AFLP, SNP)

Category Ib

Identifying species\
other groups (1, MtDNA;
2, AFLP, allozyme,
microsatellite, SNP)

(One-time sampling events)

Genetic assessments

Category I
Population genetic parameters
(1, Microsatellite; 2, AFLP,
allozyme, mtDNA, SNP)

Population
abundance

Vital rates
(e.g. survival)

Genetic
variation
(A H, H,)

Mixture

proportions

Hybridization

Geographical | | pathogens or
range, parasites
presence/
absence

Effective Population
population size | | structure and
migration

TRENDS in Ecology & Evolution

A framework for categorizing genetic monitoring
efforts. The categories are guidelines to help
direct discussions and spur research on genetic
monitoring, rather than being necessarily
mutually exclusive. Category | is monitoring
traditional parameters using diagnostic molecular
markers as tags to identify either individuals (la),
or species or other groups (Ib). Category Il is the
monitoring of population genetic parameters
(e.g. A, He, Ne, Nm, FST; defined in Table 1) over
time. For each category, the most commonly
used molecular markers (designated 1,) and other
markers widely used (designated 2,) are listed.

Schwartz M.K. et al. 2006. Genetic monitoring as a
promising tool for conservation and management.
Trends in Ecology and Evolution 22(1): 25-33
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Glowne zalozenia
oceny liczebnosci
w ramach projektu
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. Stanowisko monitoringowe wilka
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1) 150 probek na stanowisko monitoringowe, razem 1 500

2) wykrycie osobnikow nalezacych do wszystkich grup
rodzinnych na kazdym stanowisku

3) rejestracja wszelkich Sladow obecnosci wilkow w trakcie
prowadzenia prac terenowych - informacje pomocnicze

4) probki zbierane przez zespol 20 przeszkolonych osob
(minimum)

5) analizy genetyczne w Laboratorium Genetyki
Molekularnej Instytutu Zootechniki PIB (akredytacja
Panstwowego Centrum Akredytacji oraz certyfikat
Miedzynarodowego Towarzystwa Genetyki Zwierzat- ISAG)

6) szczegolowa weryfikacja wynikow genotypowania przed
wykonaniem oceny liczebnosci

7) ocena liczebnosci (zageszczenia) wilka na
poszczegolnych stanowiskach metoda ponownego odiowu,
np. CAPWIRE

8) ocena liczebnosci wilka na terenie calego kraju na
podstawie ekstrapolacji
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Genotypownie — ustalanie profilu genetycznego osobnikow
na podstawie analizy mikrosatelitarnego DNA
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Mikrosatelity DNA - STR (ang. simple tandem repeats) - powtorzenia
tandemowe zlozone z 2 do 6 pz (np. CAAG, TGA lub CA)

GTCGACTCTAGAGGATCCCCAAGTGTATGTGCATACACGTGCACACACACACACACACACACAGAGGGTGTGCACATGTGCATGCACACTCCAAGAGACAGTGCCTAGTAAAGTGTCTCAGCACCATCTGCAGCAAACAGGTTCTGCAA

[The repeat unit is highlighted in red, while the forward and reverse primers are highlighted in blue and green.

Allele mikrosatelitow - warianty dlugosci
jednego locus
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Prace laboratoryjne:

1) Izolacja DNA 2) Amplifikacja DNA - PCR
(ang. polymerase chain reaction)

Matryca DNA %Starter 2

€ T

Polimeraza
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Kazubek M. et al. 2010. Zastosowanie technik PCR w toksykologii. Postepy Higieny i Medycyny
Doswiadczalnej 64 482-489
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3) Analiza produktow PCR

Lase [DESTITS | [D2ISIT | [DT5820 ] [CSFIPG |
- . . " < ~ASCT ann 90 110 130 150 170 190 10 230 250 270 290 310 330 350
Alleles S and 8 Capillary electrophoresis Ly
g ’1' ‘|‘ 400
> | ] ) A
L5 s e s s g \J
Detector oS | pwsT DS | o
A I.I I g 80 10 130 150 170 190 210 230 250 270 290 o 330 350
mount of g
400 1
[ ! ’ o A |
[i4] 18] ERCE '12\| [i1] i3 g R4
13|
( V— DI95§433 ] FWA | [POX ] [DIESEL ]
110 130 150 70 190 210 230 250 270 280 0 330 350
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00

? \ —T = . 1 L LA
> 34, V-

: . Time
. [Fca ]
llcc‘ l()phL\'(’ura“] OM‘SU 10 130 150 70 130 210 230 250 270 230 310 330 350
00 | .
, I i LA
Zrédto: Kaye D.H. 2010. The Double Helix and the Law of Evidence. Harvard University Press. | E‘ B3
Cambridge, Massachusetts, London

REN105L03 REN145P07 REN199008 REN69B24 REN94H15 CPHS9 REN316E23 REN106i06 AHT121 CXX251 Sex

162.166 156.166 186.194 123.131  211.221 139.157 214.216 200.200 198.208 133.141 250.250
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Problemy zwiazane z analiza prob nieinwazyjnych
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Materiat nieinwazyjny: Cechy materiatu genetycznego Bledy genotypowania:
- odchod pochodzacego z préb : y L _ amplifikacj -
y . nieinwazvinveh: Koniecznos$é wykonania duzej amp"ﬁk?q? preferencyjna
- wtosy z cgbulkaml inwazyjnycn. liczby cykli PCR - wypadniecie allelu (drop-out)
- $lady krwi - nleW!eIka ilogé _ _ stuttery
- mocz - mozliwa degradacja - wstawienie "allelu” (drop-in)
- slina
. 7\ J \ 7\ y
Severe Peak Allelic ngh Allelic Stochastic effects that randomly occur when PCR
Imbalance Drop-out Stutter Drop-in amplifying low amounts of DNA using an increased
number of PCR cycles.
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10 1% m e ) 190 1890
peak
ht rat 6 allelk
04 t [ aroe r
14 allelk p)
\ irop-out l +
I v
A\ :
. . . 12 11 13
10111 12 12
Correct Butler J.M. and Hill C.R. 2010. Scientific Issues with Analysis of
, ‘ . Low Amounts of DNA. Promega Corporation Web site.
genotype: 1 12,14 & 18,19 http://pl.promega.com/resources/profiles-in-dna/2010/scientific-

issues-with-analysis-of-low-amounts-of-dna/
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Eliminacja bledow genotypowania

1) Multiple tubes

Unia Europejska
Fundusz Spéjnosci

DNA extraction

J

dilution of the DNA exiract to cary out 10 PCRs per locus

analysis of 3 positive PCRs per locus

N
heterozygous individual with

alleles A and B

b

ar or

oy

analysis of 4 additional positive PCRs per locus

A Al -_— —_
or
Bl e v o ] f—— — — —— — B — —— —
het 5
homozygous individual ingi 51;3121 glgf:::h
with allcle B allcles A and B

or

‘

uncemmen ambiguous results, additional

experiments should be caried out

-

Flow chart diagram of the procedure
used to obtain a reliable genetic typing
with a confidence level of 99%.

Taberlet P. et al. 1996. Reliable
genotyping of samples with very low
DNA quantities using PCR. Nucleic
Acids Research 24(16): 3189-3194
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Eliminacja bledow genotypowania, cd.
2) Replicate amplification - powtarzana amplifikacja

Comparison of approaches when
i examining low amounts of DNA.
Replicate Amplification Single Amplification
with Consensus Profile
Low amount of DNA examined Low amount of DNA examined
Stochastic Stochastic
effects effects
Amplification #1 Amplification #1
Amplification #2 (only a single test)
Consensus Profile Developed Result can be
(from repeated alleles observed) unreliable
Interpretation Rules Applied
(based on validation experience) Butler J.M. and Hill C.R. 2010.
» a.. specific loci may dro t - Scientific Issues with Analysis of Low
e.g., specific loci may drop out more Amctitits ot DHA. ‘Promegs
Corporation Web site.
http://pl.promega.com/resources/profil
es-in-dna/2010/scientific-issues-with-
analysis-of-low-amounts-of-dna/
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Replicate amplification, cd.
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Correct Profile:

Three replicate PCR
amplifications of a 10pg
single-source DNA template.

Butler J.M. and Hill C.R.
2010. Scientific Issues with
Analysis of Low Amounts of
DNA. Promega Corporation
Web site.
http://pl.promega.com/resou
rces/profiles-in-
dna/2010/scientific-issues-
with-analysis-of-low-
amounts-of-dna/
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Ogolne zalecenia dotyczace identyfikacji osobniczej z prob nieinwazyjnych
w badaniach majacych na celu ocene liczebnosci (Paetkau 2003)

- odpowiedni dobor markerow
- odrzucanie z dalszej analizy prob dajacych bardzo slaby wynik
- powtorne analizy prob sredniej jakosci

- weryfikacja podobnych do siebie par genotypow

Paetkau D. 2003. An empirical exploration of data quality in DNA-based population inventories. Molecular Ecology 12: 1375-1387
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Ile i jakich markerow uzyc¢ w celu identyfikacji osobniczej?
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Przyklad wyboru najlepszych MARKER A He Q
markerow dla identyfikacji REN105L03 7 082 0,99
osobniczej w oparciu o analize AHT121 7 082 0,98
zmiennosci 11 genotypow. CPH9 6 0381 0,94
REN145P07 5 0,80 0,97
A- liczba alleli REN94H15 5 0,78 0,98
CXX251 5 0,77 0,99
He- heterozygotycznosc REN199008 5 079 0,93
oczekiwana REN69B24 4 0,76 0,97
REN106106 4 0,72 1,00
Q- wskaznik powtarzalnosci REN316E23 4 0,72 1,00
wyniku REN210D03 5 069 1,00
REN85N14 5 0,65 0,94
REN144A06 4 0,66 0,93
REN68B08 6 0,71 0,90
CXX30 3 0,57 0,93
REN233HO01 3 0,65 0,98
REN112G06 4 0,57 0,99
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Optymalna liczba markerow dla oceny liczebnosci

90

80 -
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50 A
40
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10 ~

1 2 3 4 5 6

Number of Markers Analyzed

T

T

N

7 8 9 10 11 12 13 14 15

Effect of changing the number of markers in a Yukon grizzly
bear study that was originally analyzed using six markers. The
number of unique genotypes ({) is lower than the presumed
number of individuals (58) when using one or two markers,
but stabilizes thereafter. The minimum number of re-analyses
— under the conservative assumption that each error is
detected and corrected with a single PCR — is the number of
errors detected (A) plus the number of re-analyses required as
a result of different individuals having genotypes that are
similar enough to meet criteria for re-analysis (x; Paetkau
2003). The number of errors detected is taken from actual
records for the first six markers, and then increased
proportionally thereafter. This ignores the increase in error
that would result from using less DNA per reaction as the
number of markers increases.

Paetkau D. 2004. The optimal number of markers in genetic
Capture-Mark-Recapture Studies. Journal of Wildlife Management
68(3): 449-452

OSOBNIK

OSOBNIK

OSOBNIK

LICZBA | POLIMORFIZM MARKEROW
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Prawdopodobienstwo identycznosci genotypow
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Probability of identity

1/10 000

Number of loci (H = 0.6)

Relationship between the number of loci (H=
0.6) and the probability of finding two identical
genotypes. All loci have five alleles with
frequencies 0.59, 0.2, 0.1, 0.07, and 0.04.
These allele frequencies were chosen to
achieve H=0.6, which is typical of
microsatellite loci in many species.

For capture-recapture studies, a
sufficiently low Pl may be only 0.01.

Plsibs=0.25+(0.5 ¥.p2)+[0.5(3p2)2]-(0.255 o)

where pi are the frequencies of the ith alleles.

Taberlet P. & Luikart G. 1999. Non-invasive
genetic sampling and individual identification.
Biological Journal of the Linnean Society 68:
41-55
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Prawdopodobienstwo identycznosci genotypow, cd.

IDENTYCZNOSC GENETYCZNA RODZENSTWA
(Przykiad rzeczywisty, P1=0,001)

OCZEKIWANA LICZBA PAR
IDENTYCZNYCH GENOTYPOW

10000 -

:

8

[
(=
L

e
e

0,01

e, -l 100 osobnikéw
R e e A~ 50 osobnikow
. T e e T,
L 4 10 osobnikéw
... . R
-
A SO A, W 495
"t A 1,225
.. A
"¢ 0,045
1 2 3 4 5 6 7 8
LICZBA MARKEROW

Smietana i in., niepublikowane
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Struktura genetyczna wilkow na obszarze Polski a liczba markerow

1 2 3 4 5 6 7 8 9 10 11 12

Results of STRUCTURE analysis for Polish wolves,
based on 11 microsatellite loci, assuming K = 2
to 5 subpopulations of wolves.

Black lines separate wolves from different
sampling regions.

1. Bieszczady Mountains and Dynow Foothills
2. Low and Sadecki Beskid
3. Gorce and Tatra Mountains, Zywiec-Silesian Beskid
4. Roztocze
5. Parczew, Sobibér and Wtodawa Forests
0:8 6. Knyszyn, Biatowieza and Mielnik Forests
K os 7. Biebrza River Valley
4 04 ‘ 8. Augustow Forest
0.2 l I | 9. Rominicka and Borki Forests
0 Il b bl N 10. Pisz Forest
1.0 - 11. Napiwoda-Ramuki Forest
0.8 : 12. Western Poland (and Eastern Germany)
K os
§ 04 ’ Czarnomska S.D. et al. 2013. Concordant mitochondrial
o‘z AL UL Lu-,JJ{..J~ P (L .U..JJ.[J el MLL _ ]u iR L L and microsatellite DNA structurir.\g between Polish .
1 2 3 4 5 6 7 8 9 10 11 12 lowland and Carpathian Mountain wolves. Conservation

¥ Genetics 14: 573-588
Regions
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Czy konieczne jest badanie przynaleznosci
gatunkowej wszystkich probek?
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Axe3 (609 %)

PCA clustering (program Genetix)
based on 7-locus data. Three
genotypes are outliers. To
determine the species identity of
the 3 outliers, we used a
sequence-based analysis of the
mitochondrial 16S rRNA gene.
Two the most extreme outliers
matched to the red fox and a third
one to the Canis lupus (dog/wolf).

Unia Europejska
Fundusz Spéjnosci
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Axe 1 (1067 %)
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Axe 1 (981 %)

Seven-locus Genetix output for 117 wolves
(yellow), and dogs (grey).

Four presumed wolf samples clustered with
dogs.

Smietana i in., dane niepublikowane

Coord. 1

Montana L. et al. 2017. Combining
phylogenetic and demographic
inferences to assess the origin of the
genetic diversity in an isolated wolf
population. PLoS ONE 12(5):
e0176560.
https://doi.org/10.1371/journal.pone.01
76560
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Ile nalezy zebrac probek, aby
(1) wykryc wszystkie osobniki,
(2) ocenic liczebnos¢ populacji?
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Czy mozliwe jest wykrycie wszystkich osobnikow?

PRAWDOPODOBIENSTWO WYKRYCIA WSZYSTKICH OSOBNIKOW
Z GRUPY 0SMIOOSOBNIKOWE) - OBLICZENIA TEORETYCZNE

Unia Europejska
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Accumulation of individual gray wolves as all scat and
hair samples collected. The 95% confidence intervals
show the variation of 100 iterations for each number of
samples from 1 to the actual number of samples
collected. The horizontal dashed line show the number
of wolves detected with noninvasive genetic sampling
from analyzing all scat and hair samples. Casner Creek
pack, ldaho. Sample size - 260, cosensus genotypes -
150.

Stenglein J.L. et al. 2011. Estimating gray wolf pack
size and family relationships using noninvasive genetic
sampling at rendezvous sites. Journal of Mammalogy,
92(4): 784-795, modified
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| memeens e @oe ¢ oot Geteced (Geecion=0) Wybor wlasciwego modelu oceny liczebnosci.

Darker circles indicate more
individuals of that age. Curved
—] lines represent the detection
probability functions for males
(solid line) and females (dotted

i) Jednakowe czy zroznicowane
prawdopodobienstwo wykrycia
poszczegolnych osobnikow?

Granjon A.-C. et al. 2016.
Evaluating Genetic Capture-

Recapture Using a

Chimpanzee Population of Chimpanzee population size estimates in Kibale National Park, Uganda, with
Known Size. The Journal of

Age (yr) Wildlife Management; DOI: . the 3-month dataset (gray circles; 2012) and the 3-year dataset (black
ge (yr 10.1002/jwmg.21190 crosses; 2011-2013). The symbol (circle or cross) and the vertical lines

- indicate the point estimates and confidence intervals or credible intervals of

300 - each model. The dashed gray horizontal line indicates the true number of

individuals in the population in the 3-month period {N=189). The dotted black

horizontal line indicates the true number of individuals in the population in the

3-year period (N=186). BS=Bayesian model assuming equal detection

250 -~ . probability. ECM=non-spatial maximum likelihood (ML) model assuming

equal detection probability. TIRM=non-spatial ML model assuming 2

® ® detection probabilities. TIRMpart=TIRM with high detection probability

individuals excluded (partitioned dataset). Maximum likelihood spatially

200 - explicit models have the following assumptions: SE1=constant density and
............................................................................................... e iT T equal detection probability; SE2=constant density and 2 detection

probabilities; SE3=sex-dependent density and equal detection probability;

1 SE4=sex-dependent density and 2 detection probabilities for each sex; SE5

150 - )‘L % L =gsex-dependent density and detection probability.

Jr

50 -

%

No. individuals

' ' ' Granjon A.-C. et al. 2017. Evaluating genetic capture-recapture using a
BS ECM  TIRM TIRMpart SEI SE2 SE3 SE4 SES chimpanzee population of known size. The Journal of Wildlife Management

81: 279-288, DOI:10.1002/jwmg.21190 modified
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Wielkos¢ proby a dokladnos¢ oceny liczebnosci

Population estimate
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Population estimates of gray wolves in 2 areas (western
and eastern study areas) of central Idaho, USA, in 2007
and 2008. Microsatellite analysis resulted in a consensus
genotype for 126 samples in 2007 and 694 samples in
2008. The CAPWIRE and Bayesian, single-session
estimates and the 95% confidence intervals and 95%
credibility intervals are shown. The horizontal, dotted and
dashed lines depict the population estimate from
radiotelemetry in each year. Performance of the
population estimators was reduced when average
number of observations per individual was <1.7.

Steinglein J.L. et al. 2010. Efficient, Noninvasive Genetic
Sampling for Monitoring Reintroduced Wolves. Journal of
Wildlife Management 74(5): 1050-1058
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Ocena liczebnosSci genetyczna metoda ponownego odlowu
- wyniki badan pilotazowych

LICZBA OSOBNIKOW

METODA CAPWIRE, MODEL ECM, N=37 (28-45, 95%ClI)
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LICZBA ZGENOTYPOWANYCH PROB

Zalezno$¢ pomiedzy liczbg zgenotypowanych
prob pobranych z odchodéw wilkéw a liczbg
zidentyfikowanych odobnikow.

Liczebnosc¢ wilkow okreslona na podstawie
danych terenowych (34 0s.) oraz liczebnosé
oceniona metoda capwire (37 0s.).
Bieszczady, 2008-2012.

Smietana W. 2013. Koncepcja monitoringu
liczebnosci | rozmieszczenia wilkka Canis lupus
w Polsce. Roczniki Bieszczadzkie 21: 212-233

uzupetnione
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