Cytogenetic methods
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cytogenetlc is a branch of genetics that is concerned with the study of the structure and function of

the cell, especially the chromosomes.

1842 — first observations of chromosomes
1888 — used term chromosome

(chroma=colour , soma=body )
1902-04 — chromosomal inheritance theory

1950s — progress in methods (hypotonization,...
1956 — final determination of 2n in human
1968 — banding techniques

1990s — FISH techniques X g g
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Melters et al. 2012
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Monocentric chromosomes

Holocentric (holokinetic) chromosomes
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Karyogram of scirpion Bothriurus rochensis
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number of chromosomes
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Palaearctic region Europe
Zima 2000 total species studied species total species studied species

Fish app. 30000 species
Insectivora 81 72 (88.9%) 39 38 (97.4%)

Chiroptera 73 57 (78.1%) 37 36 (97.3%) - 1700 karyotyped
Rodentia 299 240 (80.3%) 106 105 (99.1%)

http://coleoguy.github.io/karyotypes/

« C A Nezaberpsteno | coleoguygithublio/aryotypes 2w »00@ :

Karyotype Data

Cytogenetic data is perhaps the most basic information about a genome (i.e. how many discrete
chromosomes is the genome divided among, what type of sex chromosomes are present). Despite
ture of t his aa a, many questions surrounding the evolution of genomes at this
move into an era of ever more affordable

i that should be evaluated before sequ ]
and may even suggest particularly at (uc! ve targets for future sequencing efforts. Unfortunately.
cytogenetic data is often scattered among many journals and often behind paywalls. For these
reasons, we have built databases that make this data publicly available.
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Palaearctic region

total species studied species total species

Zima 2000

Europe
studied species

Insectivora 81
Chiroptera 73
Rodentia 299

72 (88.9%) 39
57 (78.1%) 37
240 (80.3%) 106

38 (97.4%)
36 (97.3%)
105 (99.1%)

Arachnids Karyotypes
https://arthropodacytogenetics.bio.br/

€ C A Nezmabezpeceno | arthropodacytogeneticsbio.br/scorpionsdatabase/families.html fr

» Q@

The scorglon [ genetic database
urrent version: 10 ug 09, 2021)

Marielle Cristina Schneider, Viviane Fagundes Mattos and Doralice Maria Cella

[Airthropoda Cytogenetics)
Group
Families
Family Genera Species

1. Bothriuridae 3 10
2.  Buthidae 38 139
3. Chactidae 1 1
4. Chaerilidae 1 10
5. Euscorpiidae 2 16
6. Iuridae 1 1
7. Liochelidae 3 17
8. Scorpionidae 3 13
9. Scorpiopidae 4 32
10. Urodacidae 1 6
11. Vaejovidae 1 1

Total 60 258

< € A Nezabezpeceno

Fish app. 30000 species
1700 karyotyped

The scorpion ¢
rrent version 10 (Aug 09, 2021)

arthropodacytogenetics.bio.br/scorpionsdatabase/Bothriuridae.php

ogenetic database

Marielle Cristina Schneider, Viviane Fagundes Mattos and Doralice Maria Cella

Arthropoda Cylogenetics)
group

Bothriuridae Simon. 1880

Cited as = species name adopted by the researcher that performed the cytogenetic analysis; 2n = diploid number of males and in parenthesis. diploid number of
females; M = metacentric; SM = submetacentric; ST = subtelocentric; A = acrocentric; T = telocentric: ? = dubious description.
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types of chromosomal rearrangements

Single Chromosome Structural Changes Two Chromosome Structural Changes
i I G S N
Deletion Duplication Inversion Insertion Translocation
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types of chromosomal rearrangements

Single Chromosome Structural Changes Two Chromosome Structural Changes
e I e s N
Deletion Duplication Inversion Insertion Translocation
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Scorpion Gint gaitako, 2n=30, Kovafik et al. 2019



Centric fusions - Robertsonian translocations

or fissions

HA¥me
=L EEN

=

o P
ny»

="
T

16

b
* A 2R ¢t Aa T i
¢s 2% 'y,

M S5 AR an i‘. (é
2 3 4 5 l.'" : ®
8. s 4

FMNN : ¢
7 8 9 10 = S
2 s \a - Ea) !£
Ry
12 13 14 15 10 9
2 8@ #4¢ 2 g B3
t 4 | ‘?§ ad %‘ iv s
17 18 19 XY, 1 15

Mus musculus domesticus

Tandem fusion

pseudoscorpions
Chthonius (E.) tetrachelatus
2n =35
)_—_:> oo
DD 1 J30000000000ssae
N

e
e,

EE
0

-
—

‘e
D

0,25 =

0,20 =

0,15 =

0,10 =

0,05 =

0,00 =

Number fundamental
Phillips & Rab 2001

AN

Species Common name In NF
Salmoninae (coni. )
Salveltnus
conffueniis Bull trout 78 100
fomtinalis Brook trout hE| 100
Ramayeiish Lake trout B4 100
Leugomaenis Potted char 4 100
Pluvius Japanese char f4-B6 100
m"]b o5 J i Irriat
complex Dally 82 98
Varden
char
albus White char TH-60 98
alpinus Arctic char 78 98
elgyticus Small mouthed T6-78 98
char
boganidae Boganid char T6-T78 98
romicus Stone char T8-R2 100
Laranslzt Eastern Arctic 7678 98100
char
levanidoot Levanidovi char 78-80 98
raima
Loralf
ni. salma Dally 748 98
Varden
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ni. kraschennkovi Dally g2 98
Varden
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Meiosis

mother cells of
gametes or meiospores

gametes / plant and
fungi meiospores

zygote
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Cytogenetic techniques

The most important — good quality of chromosome preparation

The different steps of the karyotyping procedure

- Dividing cells ammocentess o
Venipuncture {hypo-osmotic)
bone marrow, blood, amniotic fluid, cord blood, tumor, and tissues (including (peripheral blood) Embryonic celfb or Colehicine

(= Mitosis blocker)

skin, umbilical cord, chorionic villi, liver, and many other organs) PHA Lymphocytes

In invertebrates very often salivary gland, embryo, testis (= mitogen
phytohaemagglutinin

A mitotic inhibitor (colchicine, colcemid) is added to the culture. This —
stops cell division at mitosis which allows an increased yield of Celi culture Centrifuge | |
mitotic cells for analysis. — — :

ot ¥s! {ca. 72h) {ca. 2h) - ] ea
Yol 20 min
. . 1{1
- Hypotonic solution — W W,

Potassium chloride (KCI), Citric acid (Na;CcHs05) Centrifuge 1

. . Pipette ——
= F|Xat|0n transfer H 1 )
-+ —] ]
] ] —
methanol (or ethanol ) : glacial acetic acid (3:1) i | Centrifuge { . Fixation
Carnoy's fixative - ethanol : chloroform : glacial acetic acid (6:3:1) S ’ | —
0 A ‘
allways fresh !! - Rl——g 0—F <= R'COOR’ + H,0 “N
N : T 4 G ) Gy
acid alcohol ester . - b3
Methylalcohol/
Heating “;:;‘;S:I?é": Giemsa dye  Acetic Acid Mix (3:1)

- Spread i ng (good quality of microscope slides !! & Drying

,dropping”
,Squashing”
,plate spreading”

> A Chromosome staining Microscopy
g ' sie GraphicOF. Schrrid/2002 (2502



Conventional staining

Giemsa
Haematoxylin
Acid-Schiff staining
Carbol fuchsin

— homogeneous staining

Number, morfology and size of chromosomes

" “ 30 30 0% 40 09 3% 00 04 89 40
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Scorpion: Bothriurus rochensis
pseudoscorpions:
e Chthonius (E.) fuscimanus o Chthonius (E.) tetrachelatus
‘ ol 2n =35 - e 2n =35 —
{4 AN 1
(\'t{"'“ > Z00000000000000000 L ~UUB0000000000c00e U
WK l,‘ ) A ]
‘_ / - ] Chthonius (E.) sp. 1 / 0:20 11 Chthonius (E.) sp. 2
P "] 2n=29 2n=21
] Uo
-U000080000000s L 10083000000 _

Stahlavsky & Kral 2004



Conventional staining — homogeneous staining

Giemsa sex chromosomes, rearrangements
i a

T T TIET
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6 7 XY mistake
Scorpion: Hottentotta judaicus / Harvestmen: Gagrellopsis nodulifera (Gorlov & Tsurusaki 2000)
Spiders:
Spermophora senoculata Pholcus phalangioides Diguetia albolineata Holocnemus caudatus
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-
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Kral et al. 2006

Qumsiyeh et al. 2013



Conventional staining — homogeneous staining

Giemsa

B chromosomes
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(1]

Acanthocephalus lucii. Chromosome sets of 5 female individuals.

(@) 2n = 6 + XX; (b—e) 2n = 6 + XX + 2-5B (Spakulova et al. 2002)

[ ———

2n—1 8+19B's

Hervestmen Metagagrella tenuipes
Tsurusaki 1993



Conventional staining — homogeneous staining

Mesquite
http://www.mesquiteproject.org/

2n 105
147
104

104
70

105
QO 48

63
95
87
81
99
104
4810 57 108
B 57 to 67
E67t077
[J77t087
[I87to97
B 97 to 107

B 107 to 117
Il 147 to 156

(O 94
109
103

97

‘ fissions

‘ fusions

‘ fusions

‘ fusions
‘ fissions

‘ fissions

Ancestral state

ChromEvol v. 2.0

http://www.tau.ac.il/~itaym ay/cp/chrom Evol/

Apterostigma megacephala X

W Apterostigma sp pilosum complex 16
pr—  \lyrmicocrypta infuscata X

r— Myrmicocrypta camargoi X
Myrmicocrypta urichi X

Mycetosoritis hartmanni X

e Vycetarotes acutus X
Mycetarotes parallelus 27

Haploid chromosome number

w4
N

9
. 10

1"
- 12
- 13
- 14
. 15
. 16
- 17

18
19
. 20

21-24
- 25
- 27

= = = Qutgroups

ycetophylax clorindae X
Mycetophylax andersoni X
Mycetophylax asper X
Mycetophylax faunulus X

Mycetophylax strigatus Gr X
Mycetophylax strigatus Gr3 X
Mycetophylax strigafus Grp X

Mycetophylax strigatus Grp1 X

Mycetophylax conformis 0801 15
Mycetophylax conformis 0600 15
Mycetophylax strigatus Gr1 X
Mycetophylax strigatus Gr2 X

0.2

cetophylax morschi 0148 13
h/ﬁvzcemphyfax morschi 0508 13
Mycetophylax morschi 0177 14
Mycetophylax morschi 0191 14
Mycetophylax morschi 0178 15
lycetophylax morschi 0185 15
e Cyphomyrmex rimosus 16

I'i— Cyphomyrmex minutus X
Cyphomyrmex costatus 10

Mycetagroicus cerradensis X
Mycetagroicus triangularis X

Trachymyrmex opulentus X
Trachymyrmex zeteki X

Trachymyrmex intermedius X
Trachymyrmex bugnioni X
Trachymyrmex diversus X
Trachymyrmex arizonensis X
Trachymyrmex septentrionalis 10

Micolino et al. 2020 Sci. Rep.



Conventional staining — homogeneous staining

R package chromePlus to estimate rates of chromosome number evolution
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Selective staining — for specifique regions, large blocks

C- banding - constitutive heterochromatin

0.2 M HClI for 20-45 min (depurination)
Rinse with DI water

4% Ba(OH)2 (barium hydroxid) at 60 °C (denaturation)
Rinse with DI water

2x SSC at 60 °C for 20-75min (renaturation)
Rinse with DI water

W N N <

1 2
R BR na 0o a0 @ () |1
4 5 6 7 8 9 5 .»5
RO &4 a6 00 04 on of SR {
10 11 12 13 14 15 10 1
i BA A6 6A RO ad if L}
16 17 18 19 20 21 16 17
ok 00 oo an an R TR
22 23 24 25 26 XY 22 23

Ovis orientalis anatolica Arslan & Zima 2004

Podysma krylonensis
Bugrov et al. 2004
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18 19 20 21
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RACE N
tandem fusion S.m. PE. male 26 XO

Selective staining — for specifique regions, large bloc ﬂ n N 00 0d ]_Ej npnnnss a

C- banding - constitutive heterochromatin

0.2 M HClI for 20-45 min (depurination)
Rinse with DI water

4% Ba(OH)2 (barium hydroxid) at 60 °C (denaturation)
Rinse with DI water

2x SSC at 60 °C for 20-75min (renaturation)
Rinse with DI water
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Ly M2z Mz My Mg Sg v rae - Si13 »
RACE N
centric fusion Sm. P. male 24 XO
f oo ooneess
L1 Lz Mz Ma Mg, Sgc--- e Byg X

(M3 Sg)

.y
RACE v sSm. ] male 22 XO
AS

H . un (0 nanasas

Ly Lb Mas Mg 857.----0--eS3 X
MaSgMz)

Steropleurus martorelli (Orthoptera)
7Fernandez -Piqueras et al. 1983, Genetica
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Ovis orientalis anatolica Arslan & Zima 2004
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Selective staining — for specifique regions, large blocks

Excess rRNA genes

organized in heterochromatin
- ini - = i1Zi i B atellite
Ag-NOR staining - NOR = Nucleolar Organizing Region J s
NOR

The region contains several tandem copies of ribosomal DNA genes. Wrm

r/ Intergenic spacer Coding sequences ]
[ I

288 X A X 18S 58S 258
Repeated DNA  Gene
elements promoter

-1 g of AgNO; in 1 mL of 0.02 g sodium citrate (C;HsNa;0,-2 H,0) per 500 mL distilled water,
adjusted to pH 3.0 with formic acid.

- Add 1-2 drops of the above solution onto the slides and place a cover slip over the preparation.
- Incubate slides in a moist chamber at 55-60°C for app. 30 min.

(RN N <K

trends in Genetics

2 3
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Rl ~ . 0 an N afn ) Q) Y dn
“16“ “17A “186 ‘19“ ﬂ' 621‘ 16 17 18 19 20 21 16 17 18 "1 20 21
[ |
n ¢ 8 RS At LY ' X4 /RN Hho OQ )
.22. 623“ '2'4° “25“ .2:' X : 22 23 24 25 26 XY 22 23 24 25 26 XY

Ovis orientalis anatolica Arslan & Zima 2004



Selective staining — for specifique regions, large blocks

G- banding

- obtained by the action of trypsin (10-20s at room temperature in a fresh 0.25%

trypsin and than washed in PBS to block the action of trypsin)
similar pattern also in Q-banding (satained by quinacrin)

Sorex araneus

2n=20-33
FN=40
Chrom. races=72
(ko)
@

1000 km

Sorex araneus




Selective staining — for specifique regions, large blocks

G- banding

- obtained by the action of trypsin (10-20s at room temperature in a fresh 0.25%
trypsin and than washed in PBS to block the action of trypsin)

similar pattern also in Q-banding (satained by quinacrin)

/\ ‘,‘ 5
, !lt— 1‘ —'f ’ % "
AR ENN N KL o it
AR VO N W~ SR 1 I &
T 4
, (<
<X, i —{ ¢t - f v _J‘\C"‘
TS L AR L SR T T R NS S TR

Comparison of G-banded chromosomes of Sorex minutus and S. granarius
Biltueva et al. 2011



Orangutan 2n=48

20 GREAT APES COMPARATIVE KARYOTYPE (HSA - PTR- 6GO - PPY)
-~ All share the same = heterochromatin
| ¥
17 ’ All derivatives
B
- -
| s 1
5
Gorilla
517 ey
4 ’
| “‘, neocentromere
A ANC. ANC.
X XII
17 - |
ANC.
XVII XVIII
All share the same  All share the same
) form
}
Percentric o
inversion : Fusion
R y =
ls Paracentric - XXII
inversion

Reciprocal - Uncharacterized
translocation rearrangement Human 2n=46



Selective staining — for specifique regions, large blocks

R- banding — bands reverse to G-banding
- the thermal denaturation of chromosomes (30-90 minutes at 87°C)

-4 .
o ¢ e 5 v
G- bands ; R- bands
AT rich regions 1 GC rich regions

Fluorochrome staining
AT rich regions: DAPI (4'6-diamidin-2-fenylindol), Chinakrin, Hoechst 33258
GC rich regions: chromomycin A,, mithramycin, olivomycin



Transmission electron microscopy (TEM)

AA

J

Ultrastructure of pairing of the X univalents with acrocentric chromosomes of the trivalent, Malthonica ferruginea male.
(Kral 2007)



FISH - Fluorescence In Situ Hybridization
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(a) RNase pre-treatment and formaldehyde post-fixation

-

60 min 5 min 10 min
1. Dehydrate the slide ) . 3. Wash 3 times 4. Post-fixation in
in ethanol series and 2. Incubate in RNase A solution in 2x SSC formaldehyde

air dry

ol - W W W W

5. Wash 3 times 6. Dehydrate the slide
in 2x SSC in ethanol series and
air dry

(b) Denaturation and hybridization

ﬂm °C

0 - ) - e

ﬂw oC

10 min Variable denaturation time 16-18 hours
30 sto 5 min
. 2. Drop the hybridization solution
1. Denature the hybridization on the slide, cover and denature 3. Incubate slides overnight
solution and place on ice the sample

(c) Post-hybridization washes and blocking

ﬂztz oC ﬂAZ °C gn oC EL
ﬂ M m Mﬂ 10 min
1. Wash 2 times 2. Wash 2 times 3. Wash 1 time 4. Wash 1 time
in 2x SSC in 0.1x SSC in 2x SSC in 2x SCC

Mﬂ

5. Incubate in WBB
for blocking

(d) Immunological probe detection and counterstaining

-y, - u. -

60 min 5 min
1. Mix the antibody 2. Place the solution on the 3. Wash 2 times
in WWB slide, cover and incubate in WBB

45°C

— [/

4. Counterstain with
DAPI and mount the slide

Cabral-de-Mélo & Mares 2021
Mol. Genet. Genom.
https://doi.org/10.1007/s00438-
021-01765-2



NICK translation
- DNA Polymerase | is used to replace some of the nucleotides of a DNA sequence with their labeled

analogues DNase |

v
> T I
3!
,U,T [ -“PJATP S
DNA polymerase | %
poly T <

5, o
5 T T
<

4
> =
=
5 T

L

Primed in situ Labelling (PRINS)
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#




Centromere-FISH (ACM-FISH)
armFISH
Catalyzed Reporter Deposition-FISH (CARD-FISH)

Cellular Compartment Analysis of Temporal (Cat)
Activity by Fish (catFISH)

Cytochalasin B (CB-FISH)
Chromosome Orientation (CO)-FISH
Combined Binary Ratio (COBRA)-FISH

Chromosome Orientation and Direction (COD)-
FISH

Combinatorial Oligonucleotide (COMBO)-FISH
Comet-FISH

Cryo-FISH

Double Fusion FISH (D-FISH)

DNA Breakage Detection FISH (DBD-FISH)
e-FISH

Fiber-FISH

Flow-FISH

Fusion-Signal FISH

Halo-FISH

Harlequin-FISH

Immuno-FISH

Locked Nucleic Acids (LNAs)-FISH

Multiplex (M)-FISH

Multilocus or ML-FISH

Premature Chromosome Condensation (PCC)-FISH
Peptide Nucleic Acid (PNA)-FISH
Quantitative-FISH (Q-FISH)

Quantum Dot (QD)-FISH

Rainbow-FISH

Raman-FISH

Replicative Detargeting FISH (ReD-FISH)
Reverse-FISH

Recognition of Individual Genes (RING)-FISH
RNA-FISH

Cross Species Color Banding (Rx)-FISH
Split-Signal FISH

Stellaris RNA FISH (Single-Molecule RNA FISH)
T-FISH

3-D FISH

Zoo-FISH



Types of probes

- Satelite DNA
- centromeric
- telomeric

- painting probes

- locus specific

telomere

Insects (TTAGG)n
Vertebrates, Anellida, Mollusca  (TTAGGG)n
Nematoda (TTAGGC)n
:”i((; fusion oo ampification L >
s D¢ oo (e) oo
7 het-ITS sutelo-ITS

(CAG) 10

Eremias velox Pokorna et al. 2011



Types of probes

- Satelite DNA
- centromeric
- telomeric

- painting probes

- locus specific

2608

3A24

\ 2

v

telomere
Insects

(TTAGG)n

Vertebrates, Anellida, Mollusca  (TTAGGG)n

Nematoda

2 s ~ 2n
i B

\crochoraus javanicus 34

32

Crotalus durissus unicolor 36

[ Protobothrops flavoviridis 36

p———  Homalopsis buccata 36

Boaedon sp. 3 34

Boaedon sp. 2 40

sp. 1 42

b Notechis scutatus 34
{ Lampropeltis trianguium 36
Lampropeltis ruthveni 36

hmm  Pantherophis guttatus 36

Elaphe bimaculata 36

Elaphe quadrivirgata 36

Zamenis situla 36

Rhabdophis tigrinus tigrinus 40

Natrix natrix 34

(TTAGGC)n

Giemsa C-banding (TTAGGG), (GATA), (GACA), (AG),
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Augstenova et al. 2018, Genes



locus specific

Nucleolus

Excess rRNA genes
organized in heterochromatin
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Coding sequences

258 X.t7x X 185 585 255

Repeated DNA  Gene
elements  promoter

trends in Genetics

Ribosomal DNA (rDNA)
- loci encoding 5S and 45S (18S-5.8S-28S) rRNAs

18S rDNA probe

a Rhamdia sl
sm
: J
Hm am
w
= [
] §

Borba et al. 2014

Nguyen et al. 2010

1
Phthorimaea operculella

Pectinophora gossypiella
Zeiraphera diniana '
Cydia pomonelia > *
Ostrinia nubilalis *
Ephestia kuehniella X
Ectomyelois ceratoniae i
Manduca sexta ® *
Bombyx mori !

Samia cynthia ssp ;
Antheraea yamamai ¢
Antheraea roylei P
Antheraea pernyi *
Colias hyale 5

Pieris rapae ™

Pieris brassicae ™

Polyommatus icarus *

Polyommatus bellargus *

10
Bicyclus anynana

Nymphalis xanthomelas %

Inachisio " *
Spodoptera sp i

Mamestra brassicae *

Phragmatobia fuliginosa :

Arctia caja *

14, %
Lymantria dispar
Orgyia recens *
Orgyia leucostigma <
*
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%30

28
28
31
30
31
28
28
13-14°
31
30-34
49
31
25
15
23
45
28
31
31
31

31

* 29

31

31

30

28

2 NORs, unknown loc

X

D G GEEE

»

aE aE

-

(
-
{

0
)
U
ann

1 NOR, unknown loc

2 NORs, unknown loc

‘+1NOR, unknown loc.
amn W.F
JOONI

1 NOR, see discussion



locus specific

Excess rRNA genes
organized in heterochromatin

o
Z

Chromosome arm

Satellite

. S
NOR
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mr Coding sequences
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Cht-CHi: .

288 X A X 185 5.8S
Repeated DNA  Gene
elements promoter

frends in Genetics

Ribosomal DNA (rDNA)

- loci encoding 5S and 45S (18S-5.8S-28S) rRNAs

Nemacheilidae
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locus specific

Nucleolus

Excess rRNA genes
organized in heterochromatin
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trends in Genetics

Ribosomal DNA (rDNA)

- loci encoding 5S and 45S (18S-5.8S-28S) rRNAs

Schizodon fasciatus
54 loci 45S/2C

De Barros et al. 2017

Number ofloci / 2C

animal rDNA \'
@ o -

““database

Type

aaa

http://www.animalrdnadatabase.com

2500 species

1068 Arthropods
653 fish

ol -
00 -

Sochorova et al. 2018
gzoo 200 .
Emo
'§1Dn I
S so
- _  _  _a11 . m
T N S S A S

& & & & ¢ & ¢ & & Isrexe  Indrelese

Years

80

Sochorova et al. 2021

Number of 5S and 45S rDNA sites in different animal taxa

70

60

50

40

30

10
" .
S 3 5 b ® .
0

L Y N7, T Vs TR 7, R 7o B, 7, B 7 B Vs BN 7 |
A" 1 1 W (A W ) i B B

vavwvmvvvv
aﬁﬁ:v’ww>‘/"5
cE s S cEzE e ¥ e
'—ggegn'zah:’
EeE 2 @ a g 8 3

© T = @ £
s © 2 - T =
‘:EEE 8 5

(4]

- g
o
8

i)
i gt . 8 b

vertebrates

cartilaginousfish 455 —e——

birds5S e
birds45S

'Y

P

)
-
o

L]

mollusks5S  e—
mollusks455 e—

annelids5S e
annelids 455 (e—
flatworms 55

arthropods5S —e———
flatworms 458

arthropods455 e——
echinoderms5S e
echinoderms45S
nematodes5S e
nematodes45S e
tunicates 55
tunicates 455

- thorny-head-worms5S
thorny-head-worm s455

»
D

invertebrates



locus specific

Nucleolus
Excess rRNA genes
organized in heterochromatin
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trends in Genetics

Ribosomal DNA (rDNA)
- loci encoding 5S and 45S (18S-5.8S-28S) rRNAs

Schizodon fasciatus
54 loci 45S/2C

De Barros et al. 2017
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M-FISH
multiplex FISH or multicolour FISH

metaphase chromosome spread | chrom. probe fluor chromosomel completed karyotype

\\

# composition paint

‘/:\




Multicolour banding
(MBAND)



Chromosome sorting Microdisection
(flow cytometer)

L

Chromosome suspension

Sheath fluid

Fluorescence
detector

Flow chamber

| Drop charging

Light source signal

Taqg DNA polymerase

\

F . DOP primers
Deflection plates ong::e;g? “
I \ / o
Charged droplet * - “

Collection tube

74N

Sorted chromosomes

FISH
\abeling

DOP-PCR
(degenerated-oligonucleotide-primed PCR)



Gekko japonicus | Oedura monilis |Tarentola annularis | Paroedura bastardi
/

Pokorna et al. 2015, Chrom. Res.
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ZOO-FISH

- cross-species chromosome painting, which uses painting
probes specific for whole chromosomes, enables detecting
homologous synteny blocks, the occurrence of which is

evidence that species share a common ancestry and are

related.
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CGH — comparative genomic hybridization
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CGH — comparative genomic hybridization
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Sex chromosomes

CGH in pachytene of Galleria mellonella o

female genomic probes were labelled with Alexa Fluor 488 (green)

male-derived genomic probes with Cy3 (red) I probe labeled B probe labeled E mixed red fgreen

Arrow indicates a region of the W chromosome exclusively with red with green fluorochrormes
stained by female genomic probe. fluorescence fluorescence [yellow — orange

Vitkova et al. 2007



GISH — genomic in situ hybridization

- a type of FISH, uses total genomic DNA from one species as the labeled probe and unlabeled genomic
DNA from another species at a much higher concentration as blocking DNA, substantially increasing the
hybridization specifity
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F kl. esculentus

GISH on chromosomes of the water frog Pelophylax esculentus obtained from bone marrow of a single
female.

B. Metaphase chromosomes hybridized with the Alexa Fluor 488-labeled genomic probe from P.
lessonae (green signals); chromosomes were counterstained with PI (red)

D. Metaphase chromosomes hybridized with the Cy3-labeled genomic probe from P. ridibundus (red
signals); chromosomes were counterstained with DAPI (blue). (Zalesna et al. 2011)



Thank you for your attention
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