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Marcadores Genéticos

Como medir a « Elevado poIirI\orfismo ’ |
diversidade - Deteccao de grande numero de /oci

« Co-dominantes e de Hereditariedade simples

geneética? - De preferéncia ligados & caracteristica de interesse

(gene)
 Reprodutiveis

» Estabilidade em diferentes ambientes
* Robustos

« Baratos

* Faceis de usar




Tipos de Marcadores

/Fenétipo N

* Morfoldgicos
« Bioquimicos
(proteinas, enzimas, etc)
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Genoma
e Cromossomicos
 Moleculares

(sequéncia de DNA)
- /




Marcadores Morfologicos

As plantas podem ser selecionadas de acordo com
caracteristicas/marcadores morfologicos

Ex: caracteristicas da ervilheira estudadas por Mendel

Crescimento vegetativo / reprodutivo
Tamanho, forma, cor de sementes

Tamanho, forma, cor de frutos

Habitos de crescimento

Antagonistic Pairs Appearance of Hybrid
(dominant trait)

Seed color (interior)

2 - — O
Green

Yellow Yellow

Seed shape

@ - & — O
Round Wrinkled Round
Flower color

! X !
Purple White Purple

Pod color (unripe)

Yellow Green

Pod shape (ripe)
Round Pinched Round
Stem length
%’ ) /. ‘:;L‘ - %’
Long Short Long



Morfologicos

Plant morphological traits
relevant for high yield

Plant growth and development
characteristics

Plant traits
- plant height
- number of fruits/seeds
- number of branches
- root length
- crop performance and vield

Plant architecture

- Plant height
- No. of branches
- No. of panicles

- Harvest Index

A

- Root to shoot biomass

- Stem carbohydrate storage
and remobilization

Y

Leaf features

Morphology
K - Leaf length
t - Leaf width
- Leaf area and shape
- Leaf expansion

Anatomy
- Bundle sheath
- Organization of mesophyll

Root features

- Root length
- Root development




Marcadores Morfologicos

Tamanho e peso corporal: o tamanho e o peso corporal sdo
caracteristicas importantes na producao de carne, leite e trabalho

Taxa de crescimento para a produgao de carne

Conformagao: forma e estrutura do animal de acordo com a fungao
Ex: Angus - conformagdo musculosa e compacta

Holstein - conformacao leiteira
Capacidade de producao de leite de alta qualidade

Adaptabilidade a diferentes condicbes ambientais e disponibilidade
de alimentos

Resisténcia a doencas
Fertilidade importante em vacas reprodutoras

Longevidade para reduzir os custos de reposi¢cao do rebanho e
garantir a produtividade ao longo do tempo

Auséncia de cornos

4.0 2] y 0 R > o
ANGUS 'WATUSI . 'BROWII SWISS =
CATTLE BREEDS




Marcadores Morfoldgicos M ‘bv CHBIR%SEN

Producgao de carne:
Tamanho do corpo e taxa de crescimento

Producgao de ovos:

Taxa de postura, tamanho do ovo, cor da casca do ovo

Plumagem:
Aparéncia, cor e padrao

Resisténcia a doencas

Capacidade de adaptacao e sobrevivéncia em
diferentes condicdes
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Marcadores Biogquimicos

Perfil electroforético de proteinas do leite

- Isoenzimas (co-dominantes) - aagasake™ U
T s
55- - -

43

« Desvantagens: 33...= -..-

— S&o instaveis 25
— Dependem dos estados fisioldgicos

Ead
- . . 17 — — —'-
— S&o influenciados pelo ambiente - =
_ . 10 ..“-.-
— Tém uma baixa cobertura genomica
pois a % de sequéncias genicas é SDS-PAGE proteinas de leite canino, bovino e caprino
baixa M: marcador de peso molecular (1) Vaca Holstein, (2)

Cabra Saanen, (3) Golden Retriever, (4) Labrador, (5)
Caucasian Sheepdog, (6) Rottweiler



Marcadores Bioquimicos

Proteinas de reserva de
sementes de trigo

Glutenins consist of high-molecular
weight (HMW) and low-molecular weight
(LMW) subunits assembled into polymers
stabilised by inter-chain disulphide and
hydrogen bonds.

Perfil de gluteninas do grao de trigo
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-

LMW-GS
and/or
gliadins

SDS-PAGE of gluten protein fractions from flours
extracted from diferente durum wheat lines



Marcadores Cromossomicos
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Mutagbes Cromossomicas numeéricas e estruturais . v
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NUMERICAL CHROMOSOMAL INSTABILITY STRUCTURAL CHROMOSOMAL INSTABILITY Desvantagens:
@ Small-scale gains @ Deletions - BaiXO DOIimorﬁsmO
B | _ - Dificeis de analisar
" . " (requerem grande especializagao)
1 Eupléide h
Trisomy Normal set of 4
chromosomes i
A e B S:ﬂcll-;«:r:LSS:a 9 Amplifications A' B . C alteragﬁes de
Aneupldide N RT & 10 | um Unico cromossoma
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@ Large-scale gains versions @ Translocations

Extra set (polyploidy)
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Marcadores Cromossomicos

» Variacoes numericas
— Aneuploidias:
trissomia, monossomia, nulissomia
» Variacdes estruturais
— Deleccoes, insergoes

Sex-chromosome aneuploidy in a large
population of juvenile cow

Karyotype of a cow carrying a
trisomy on chromosome X

https://onlinelibrary.wiley.com/doi/10.1111/jbg.12866



https://onlinelibrary.wiley.com/doi/10.1111/jbg.12866

Marcadores Cromossomicos - Aneuploidias
Impacto na fertilidade animal

Mutacao Efeitos na Incidéncia em diferentes espécies
fertilidade

X monosomia Esterilidade Horse > cat and dog > cattle and pig
XXX trisomia Infertilidade Dog, horse

XXY trisomia Esterilidade Cat and cattle > dog and horse > pig
XYY trisomia Infertilidade Cattle

Szczerbal, I. and Switonski, M., 2016. Chromosome abnormalities in domestic animals as causes of disorders of sex development or impaired
fertility. Insights from animal reproduction, pp.207-225.



Marcadores cromossomicos

Wheat aneuploid lines

Examples of two types of aneuploidy
(A) Karyotype of 2n =42

genomic constitution of 38 + 1 (3A) + 3 (7B).
(B) Karyotype of 2n =42

genomic constitution of 38 + 1(1B) + 3(4B)

(Yellow and red boxes respectively mark the lost and
gained chromosomes)




Marcadores
moleculares

DNA manipulation techniques
- DNA-based
molecular markers

( .
* Morfologicos

* Bioquimicos

proteinas, enzimas, etc

Y

¢ Cromossdmicos
* Moleculares

sequéncia de DNA
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Marcadores moleculares

 Revelam variacao a nivel do DNA
— Muitos sao co-dominates

— Podem ser obtidos muito precocemente pois ndo necessitam
que o fenotipo de expresse

— Muito polimorficos

— Distribuicao aleatéria em todo o genoma
— Metodologias automatizadas

Monomorfico

Polimorfico

Analise de DNA por electroforese
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Electroforese de Acidos Nucleicos

| Mixture of DNA
molecules of
different sizes

> | °

%@ﬂ
%

Longer
molecules

Power e

source

< [T

Gel —
/ - Shorter
/ f);ll:t: = molecules
o @ Completed gel
Electroforese em Gel de Agarose —— °
» Separacao de moléculas de DNA de diferentes
tamanhos —
* com base na carga global negativa das moléculas i - Drectone
de DNA _ E
* Migracao do polo negativo para o polo positivo e

* Visualizagdo do DNA corado



Marcadores moleculares

 Vantagens
— O DNA pode ser isolado de qualquer tecido, em qualquer fase do ciclo de vida
— O DNA pode ser armazenado durante longos periodos
— N&o ¢é afectado pelo ambiente nem por outras condicdes

Dominantes P, P, F1 P, P> Fi Co-dominantes
nao se identificam identificam-se
heterozigotos heterozigotos




Dominantes vs Codominantes
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RFLP &

Marcadores
Moleculares

Micossatélites

ISSR

Varios loci

N AFLP




Enzimas de restricao - endonucleases

s[NNIEE]> Hindll mp Qs 5 3
A TTCGAAE digest 3 5 Wl A I

5’ protruding ends

JC T GC A GE; Pstl » 5 3 5 [e] 3
KIGACGT CE digest 3le s 3 5

3’ protruding ends

GATATCERENC VAN 3G ATE AT CH
JCTATAGE] digest 4C T A AT A G5

Blunt ends

* Endonucleases de Restricao clivam o DNA em sequéncias especificas,
produzindo fragmentos de DNA em cadeia dupla de tamanhos
estritamente definidos pela sua especificidade



RFLP - Restriction Fragment Length Polymorphism

Genomic DNA
1. Enzimas de restricao Allelel Allele2
2. Electroforese
3. Hlbrldagéo com sonda Restriction enzyme digestion
4. Deteccao —

e | S

Agarose gel electrophoresis

Um locus
Allelel Allele2




RFLP - Restriction Fragment

Length Polymorphism

RFLP procedure

(1) Extraction of DNA from individuals A and B

(2) DNA cut by restriction enzymes

(3) DNA electrophoreses

(4) DNA Transfer to a membrane by Southern blot

(5) Hybridization of labeled DNA fragments (probes) ashing N(G)

(6) Washing to remove nonspecifically bound probes
(7,8) Detection to observe DNA polymorphisms

Um locus

extra(tlon
Plant
Hybridization
solution  Radioactive
DNA probe
Hybridization
 &——————
(5)
Probe binding to
specific DNA
Exposure to
> X-ray film
N | e
@)

Membrane DNA
with covalently
bound probe

DNA

Restriction

ndonut lease

Total DNA

DNA transferred

to membrane

X-ray film
sandwiched to
probe-bound

membhrane

ﬂf"

DNA fragments

(3)|] Electrophoresis

Separated DNA
on agarose gel

(A) (B)
<levfe_l9p and
ixil
ng ] o
(8)

Band patterns
on X-ray film
(Autoradiograms)



RFLP - Restriction Fragment Length Polymorphism

Bloting: Detecao de moléculas especificas de DNA

remove nitrocellulose

(A) stack of paper towels e
paper with tightly bound

unlabeled ~elg (B) . (€) e

Ctr, S . nucleic acids
RNA or DNA °Pho,esi ~— nitrocellulose \

s
~ paper gel » p_—
' ——
// 7z Vs — = N —_—

% 7/ i '/ = —

labeled RNA or

DNA of known sizes

. . agarose
serving as size markers

gel

sponge

RADIOLABELED PROBE
alkali solution

HYBRIDIZED TO
SEPARATED DNA  sealed
NUCLEIC ACIDS SEPARATED SEPARATED NUCLEIC ACIDS BLOTTED plastic
ACCORDING TO SIZE BY AGAROSE- ONTO NITROCELLULOSE PAPER BY SUCTION
GEL ELECTROPHORESIS OF BUFFER THROUGH GEL AND PAPER

/" labeled probe
in buffer
LABELED PROBE HYBRIDIZED TO
COMPLEMENTARY DNA BANDS
VISUALIZED BY AUTORADIOGRAPHY

Depois da electroforese os fragmentos de
DNA s&o transferidos para uma membrana

(bloting) onde fragmentos especificos sao ®
identificados por hibridac&o positions J/—
s (2 zba

Figure 8-38 Molecular Biology of the Cell (© Garland Science 2008)



RFLP - Genetic diversity of Rice and wild relatives

Restriction enzyme
Scal . EcoRV BamHI Hindill
Kb A 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22
23.12 f— o
L d -

8.45
7.24 L ad - ESY -
98 - -
5.68 -e
4.82
4.32 a
3.68 e
2.32 - -

RG304 (chromosome 11)

RFLP DNA restriction with four restriction enzymes (Sca |, Eco RV, Bam HI, and Hin d Ill)
- hybridization with RG304 (located on chromosome 11) used in studies of spikelet length
-> patterns of O. sativa and four wild species (O. rufipogon, O. brachyantha, O. granulata and O. australiensis)

https://www.flickr.com/photos/ricephotos/6943700668



RFLP - Genetic diversity of Chicken

RFLP multilocus analysis

|dentification of intrapopulation differences
calculate genetic distances

-> phylogenetic tree

origin and degree of relationship

in 18 divergently selected breeds

four main branches and several subclusters

Dementieva et al 2022. Comparative Analysis of Molecular
RFLP and SNP Markers in Assessing and Understanding the
Genetic Diversity of Various Chicken Breeds




RFLP Minisatellites (500 bp -20 Kb)

Restriction sites

(a) Digest DNA with restriction enzyme that does not cut DN A
inside minisatellite. . . g
Individual A Individual B fingerprinting
l l Individuals
A B C D
Minisatellite
locus | — F— [T
oot T T
| | } ) . Digest3 i ic3 &
_ S A Digestao com enzimas de restricao  _ -
inisatellite . E|etroforese -
locus i (T T : . ¢
[ T T T « Southern blotting (RFLP) - - e
| | | | » Hibridizacdo com a sonda para o SZe~-
minissatélite -
— T [ -
inisatellite -
locus Il mmmm Uﬂm - - :-
f f T T “-g
b B B
(additional;

minisatellite
loci)



RFLP Minisatellites fingerprinting

e
A B & . g
® g 3
Core sequence Mother’s alleles B % e g
GGAGGIGGGCAGGARG = O u
‘ STt 0 -
E 2 —"ITITR 8
Locus 1 7{€E3 E3
Y o o -
-——— Ty B s
Locus 2 it
34\
S W W LT W W W7 BT ER 2=
[——q » 19— ==
— 1 q a Y
Locus 3 Number of minisatellite repeats DNA fingerprint

Minisatellite repeat (16 bp core
sequence) present in humans and other
animals

(A) Minisatellite repeat present in 3 loci

(B) Mother is heterozygous at each of
the three loci
Locus 1 genotype: 5, 2
Locus 2 genotype: 7, 3
3 genotype: 8, 1

(C) Restriction fragment profiles

of four individuals at these three loci
Child - at each locus, one allele shared with
the mother and the other with the father

Unrelated individual
shares only a small number of bands




PCR - Amplificacao de DNA

/VBOSOBODGBL/
g P g g g it
T == W%WMM

1985 - Kary Mullis e colaboradores

Reaccao de PCR
(Polymerase Chain Reaction)

Permite amplificar exponencialmente
fragmentos especificos de DNA

Kary Mullis

+DNA polymerase DNA
HEATTO +dATP SYNTHESIS
meessseeesss  SEPARATE H\({)BFR,I;DR::AAET#S',N HdGTP FROM -

double-stranded, STRANDS +dCTP PRIMERS 9 3
DNA \ +dTTP ST I I IR o 111117111111 5'

5' ||\Il’\l/\\/ - = | | Ny /

_-—h;m - N ik " A /‘|
=3 « . 1195

N
STEP 1 STEP2 STEP 3 g:nﬂwnnm | \ s &
FIRST CYCLE MWWWMMW 5

Figure 8-45a Molecular Biology of the Cell (© Garland Science 2008)
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~ A T l 95°C - Strands separate 1. Denaturing Passo1:
DNA Sample Primers Nucleotides Desnaturagao
94-95°C

:

4 =2
' e
. 1 55°C - Primers bind template 2. Annealing Passo 2:

Emparelhamento

Tag polymerase ~ Mix Buffer ~ PCR Tube j m 50-65°C
e I
e ————————————
l 72°C - Synthesise new strand 3. Extension Passo 3:
Extensao
72°C

PCR Cycle

I

Thermal Cycler

Taq polymerase: isolated from Thermus aquaticus (thermophilic bacteria) - optimal temperature: 72°C



PCR - Amplificacao de DNA

separate the DNA DNA
separate the DNA DNA strands and anneal  synthesis
strands and anneal  synthesis priners
: [ Ensmmmen
separate the DNA DNA primers / -
strands and anneal  synthesis A —c
: C———-
primers / - - N =
T W

i

1 S— ] | DNA ohgonucleotide
l—l

primers
region of /
double-stranded
chromosomal _
DNA to be
amplified \ -
FIRST CYCLE SECOND CYCLE THIRD CYCLE
(producing two double-stranded (producing four double-stranded (producing eight double-stranded
DNA molecules) DNA molecules) DNA molecules)

Cada ciclo duplica a quantidade de DNA sintetizada no ciclo anterior

No ciclo seguinte as cadeias previamente sintetizadas servem de molde

-> ao fim de poucos ciclos a molécula predominante é um fragmento de DNA
com uma dimensao igual a distancia entre os dois primers originais



PCR - Polymerase Chain Reaction

PCR Demuo




The Polymerase Chain
Reaction (PCR)

© W. H. Freeman & Company



RAPD - Randomly Amplified Polymorphic DNA

DNA EXTRACTION
AmphflcaQéO por PCR sample A sample B
: DNA polymerase,
Sem necessidade de conhecer o genoma AMPLIFICATION U el b
Marcador dominante " ’
Apenas presenca ou auséncia da banda e R D S I "
(nao identifica heterozigotos)

. r = . 5 3
Primers aleatorios curtos (10-12 bp) ligam-se a 2 iy o
regides codificadoras ou ndo do genoma de s .
distribuicio aleatéria FEERTIHORES ﬂ

- DNA de tamanhos diferentes
Polimorfismo - mutacio no local de annealing do primer

Dificil reprodutibilidade devido ao reduzido tamanho
dos primers que se ligam de modo instavel

_____ primer
— amplified fragment
—— direction of amplification



AFLP - Amplified Fragment Length Polymorphism

Genomic

DNA
S:D_GMTN TTAR g:
—eeeeee CTTAAG AATT
. .~ Step 1 | EcoR |/Mse | digesti
1. Enzimas de restricao P | coR |/Mse | digestion
2. Ligacao com adaptadores ANTTC T
. ~ . Eco link Mse linke
3. Amplificacdo por PCR selectiva dos fragmentos isd 0l sop2 | Lgatntimers. P
4. Analise dos fragmentos amplificados em gel de Y
poliacrilamida (Electroforesey SRS T7ac
5. Visualizagao
Eco + A pre-
selective primem Y
gAATTC}'; NTTAC
TTAAGN PIAATG
Step 3 | Pre-selective x Mse + C pre-
Eco + ATA P2 | amplification PCR selective primer
selective primer — Y
Fluorescent Y- —— ﬁgﬁ{%_
~ ”, . ~ ag mgm dye C S
AFLP sao estaveis e tém boa reprodutibilidade Sten 4 | Selective S Mso + CAC
i ANC P2 | amplification PCR selective primer
Dominante = Apenas auséncia e presencga da banda '
(n&o identifica heterozigotos) S— S —

TAENDS in Plant Science



AFLP - Phylogeny of bovine species

° &

o°°"° #év&b '&o&"o& & 'e"& o o*‘\e&'o"‘ Pl +

© & v o W 3 o 9 v o
AFLP R i
Individuals from different Bovini species 1 oo el
PCR with EcoRI and Taqgl primers - | : =
Computer-assisted scoring of electrophoretic 0 = — ——
fingerprinting patterns - 361 markers i SIS EUR.— ¥
—> genomic distances between species - e liEE -
—> genetic exchange between ancestral populations = R =] = U me——



AFLP — rice germplasm diversity

1 5 0 15 20

AFLP assessment of rice germplasm
151 markers
1/3 association with indica—japonica differentiation

PCR with 4 primer combinations
—> Identification of 5 rice genotypes

https://www.nature.com/articles/6884410.pdf




SSR - Simple Sequence Repeat or Microsatellite

SSR polymorphic Locus
Amplificacao por PCR com primers especificos ﬁiz::a%z:q“eadoms
de 18-25 bp — I /
Polimorfismos baseados no n° de unidades —l o e o | e
: «—
repetidas —_—
. +
h
Hipervariaveis _—
~ . ~ , . e +
Tém amplificacao estavel e boa repetibilidade S S N N —

Faceis de executar e automatizar

Ex: genoma de mamiferos - SSR (CA)n ocorre e —————————
em média uma vez a cada 30 000 bp




SSR - Simple Sequence Repeat or Microsatellite

Microssatélites — sequéncias repetidas de nucleétidos GTATGTATGTATGTATGTA
VNTR - variable number of tandem repeat : . . : !

) SEPARATE PCR PRODUCTS ON GEL
primers for
PCR ( w
LI

amplification

_ é ~ ;
] paternal | esms

homologous »
chromosomes maternal | e

-— electrophoresis —

repeated
sequences
ofa
VNTR locus

» Polimorfismos - pequenas variagées/mutagdes no n° de nucledtidos
» Amplificacao do DNA por PCR com primers para as regides adjacentes
» Analise do n° de nucledtidos por electroforese/sequenciagao



SSR - variabilidade numa populacao

Variabilidade natural de um SSR
numa populagao com trés alelos
diferentes num locus com
repeticao de um dinucledétido

—> Co-dominante

Example of population with three alleles
Allele 1

Allele 2

Allele 3

Six diploid genotypes are present in this population.

11 22 3B 12 1/3 213

Allele
3 — e -—
2 -— cm— -—

1 -—— = ==




SSR associados a doencas

As mutacdes causadoras da
doencga de Huntington

Causada por expansao de um tripleto
repetido numa regido codificadora

(a) Basic structure of the HD gene’s coding region

Triplet repeat
region

[CAGICAGICAGICAGICAGICAGICAGICAGICAGICAGICAGICAGICAGICAGICAG]
Each triplet encodes glutamine.

(b) Some alleles at the HD locus

20 repeats Phenotype

5 — 3'
l H | Normal

30 repeats
5 —1 3'

l—ﬁ | Normal

50 repeats
5! — 3'

I—E | Late-onset disease

100 repeats
5] l l 3!

‘—M | EarIy-onset disease




SSR - Genetic Diversity of Vicia faba and wild related

Oliveira et al 2016
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.015480
1

Genetic diversity evaluation and population
structure

- Geographical distribution

(Western Mediterranean basin)

- Wild related species

53 Vicia faba

2 V. johannis

7 V. narbonensis

Accessions from Portugal, Spain and
Morocco

28 faba bean Single Sequence Repeats (SSRS)



SSR - Genetic diversity of European beef cattle

Tree of 18 local cattle breeds

Values in brackets represent the loss of diversity caused
by the extinction of a breed or a set of breeds

0.16 0.12

0.08 0.04 0.00

| | |

! |
1

1 ] 1

(92 %)

)|
(17 %)* o
(19%)_{

(11 /o)[

(18 %)

(89_6){
(13 %) |

(21 %) —

Mirandesa (11 %)
Alistana (6 %)
Alentejana (6 %)
Mertolenga (4.2%)
Asturiana Montaia (3.3 %)
Retinta (5%)

Barrosd (5%)
Maronesa (5.4 %)
Avilefia (5 %)
Asturiana Valles (4 %)
Morucha (4 %)

Bruna (4.5 %)
Aubrac (3.6 %)

Salers (3.4 %)
Pirenaica (4.3 %)
Gasconne (4.5 %)
Sayaguesa (7 %)
Tudanca (7.5 %)

Estudo de relacdes evolutivas e
estrutura e diversidade genética de
18 racas locais de bovinos
Espanha, Portugal e Franca

usando 16 microssatelites

- Distincao de 4 grupos de racas

- Classificacao de racas
importantes para a diversidade

Canon et al 2011

https://pubmed.ncbi.nim.nih.gov/11403750/



ISSR — Inter Simple Sequence Repeat

Amplificacdo de regides do genoma
flanqueadores de microssatélites

1.
2.

3.

PCR, usando um 1 primer

Uso de eletroforese em gel de agarose
ou poliacrilamida

Avaliacdo das bandas ISSR
Analise de dados

DNA EXTRACTION

sample A sample B

DNA polymerase,
AMPLIFICATION 16-18 bp long repeated primer

with 2-4 arbitrary oligonucleotides

NN —

*— NN(CA), “— NN(CA).
NN(CA),—* NN(CA)—"
— T EEE N S S S 8 8 A e— R0 S G S 8 B S S— 5
—wauew —— - " 3’
 NN(CA),
NN(CA), "
—nunew — 5
ELECTROPHORESIS B
A B
NN(CA) primer
[ — (GT), repeated region

amplified fragment
direction of amplification



ISSR - Diversidade Genética na raca Mazandaranian

Este estudo realizado para investigar a diversidade genética na raga nativa do ran

Mazandarani

Irdo (Mazandarania) em comparacao com a raca Holstein
usando o marcador Inter Simple Sequence Repeats (ISSR)

ISSR-PCR pattern - GA-ISSR marker

M

. — . g . “F—'&n J‘Lar-ﬁ'&u.";
: i F- 31 ! E .3 |

3000
a7 fz’

=500

---NHLﬁ-'N’-omN_JWN“ﬁv*n—-«4o-
1200

o«aﬁuuﬂ;uﬂ;;“ 1%"4““”"”“04

M yuﬂﬁuaseu

et M et s “an Bitit:
SR T 53 baiiiiag

s
s

175 animais, 71 Mazandaranian e 104 Holstein
PCR com primer (GA)9C
Maior diversidade genética em Mazandaranian

(menor selecao)
Menor diversidade genética em Holstein

(programas de selecéao intensivos)

Pashaei et al 2009. Genetic Diversity in Mazandaranian Native Cattle: A Comparison with Holstein Cattle, using ISSR Marker



ISSR - Diversidade Genética na raca Mazandaranian

Mazandarani

Este estudo realizado para investigar a diversidade genética na raga nativa do e
Irdo (Mazandarania) em comparagcao com a raga Holstein
usando o marcador Inter Simple Sequence Repeats (ISSR)

ISSR-PCR pattern - GA-ISSR marker

- e li-urlbrl1 : = ann rl,aun.azs
i & (S | f i ! :
f | l E
g v 3000 j ]

Calculo de parametros basicos

No. of polymorphic bands

; 1: =i % of polymorphic bands = = — x 100%
- ) mmm-—d_awm u‘v«n--w...
b b o b S o e e 1&»4““””»3—1.-
u H ﬁ “ﬁ bl N° de bandas total = ??
ﬁﬂ IR o1 h it N° de bandas polimériicas = 7?2
,;ﬁmguuggﬁﬂggggh”, $ 84 44 % de bandas polimérficas = 2?
e -1 -b-gof 1 &atitisa

Pashaei et al 2009. Genetic Diversity in Mazandaranian Native Cattle: A Comparison with Holstein Cattle, using ISSR Marker



ISSR - Diversidade Genética na raca Mazandaranian

Este estudo realizado para investigar a diversidade genética na raga nativa do ran

Mazandarani

Irdo (Mazandarania) em comparagcao com a raga Holstein
usando o marcador Inter Simple Sequence Repeats (ISSR)

ISSR-PCR pattern - GA-ISSR marker

mqnmﬂn-ﬁﬁnn : Mﬁf}j-aﬂﬁ&&-‘;
; $ f
: 5 t

3000

H
H
@500

gy mmm-u_;wmdumnuw.-
ZOD
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Hiuduiduzg Mk
BEERELEEFR B R

&kl

Calculo de parametros basicos

% of polymorphic bands = No. of polymorphic bands < 100%

Total no.of bands

N° de bandas total = 10
N° de bandas polimorficas = 2
% de bandas polimoérficas = 2/10 = 20%

Pashaei et al 2009. Genetic Diversity in Mazandaranian Native Cattle: A Comparison with Holstein Cattle, using ISSR Marker



Avaliacao da diversidade genomica
analise de perfis de bandas

Samples 1 2 3
[ l | } | )
— ——
— w— — — L3
— — — e —
L7
L8

Analise de perfis de bandas - método para comparar a
semelhanga com base na presenca e auséncia de bandas num gel
-> construir arvores de similaridade (dendrogramas)

—> calcular indices de diversidade



Avaliacao da diversidade genomica
analise de perfis de bandas

Samples 1 2 3
. ) . ) )
— e— — -— L2 1 0 0
_— —
— T L3 1 1 1
T——— L4 1 1 1
— @ @emmms — L5 0 1 1
— S e = L6 1 1 1
L7 1 1 0
L8 1 1 1

Analise de perfis de bandas - método para comparar a
semelhanga com base na presenca e auséncia de bandas num gel
-> construir arvores de similaridade (dendrogramas)

—> calcular indices de diversidade



—

K

ISSR — Assessment of repetitive sequence In triticale Qfg

Tk

PCR amplification of microsatellites flanking sequences

WRT 5 TemplateDNA
| TCICTCTCICICICTCICICT
AAGAGAGAGAAGAT P Primer
[ CICICTCICICICICICICICT |
¥ Anplified product
5 3
[ TCICTCTCICTCICICICIE |
I M
[ CrCICICICTCTCICTCICT J
3 5
A. Espiga de trigo (Triticum aestivum) _
B. Espiga de centeio (Secale cereale) 5 3
C. Triticale (Triticale) | TCICTCICICTCICICICIC |
(CT)9G/(CT)9G oo —
[ CTCTCTCTCTCTCICTCTCTCT J
3’ L] 5’
Banding pattern of CT)9G/(CT)9G ISSR ——

-> discrimination of triticale (T) and their parental species
wheat (W) and rye (R)

Bento et al. 2008
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0001402



https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0001402

Marcadores baseados em Retroelementos
IRAP - inter-retrotransposon amplified polymorphism
REMAP - retrotransposon-microsatellite amplified polymorphism

A .. RETROTRANSPOSON _ .. RETROTRANSPOSON IRAP method using
- LTR LY R e L Y R~ (] LY R~ < . .
= = = < two different primers
L w—C—
PCR PRODUCT | e
L ee—————
B RETROTRANSPOSON R RETROTRANSPOSON .
G P - : . . .
T —— Y X et 1 - LT IRAP using an unique primer
PCR PRODUCT : ._
C SSR P REYROTRANSPOSON- -SSR 1 REMAP methOd US|ng
i TR e L TR SEITEL .
— = retrotransposon and ISSR primers
- =
=== ===

PCR PRODUCT PCR PRODUCT

Amplification of genome regions between Retrotransposons and/or SSR



Sukkula IRAP - Cucumis sativus genome

IRAP (Inter-Retrotransposon
Amplified Polymorphism)
amplify genome regions between

barley-specific retrotransposons
Nikita and Sukkula

—> Discrimination of Cucumis sp.

¢ 00D 9o 9 boud

Nikita and Sukkula IRAP-PCR results of Cucumis sativus M:
marker; NC: negative control. N°s indicate five biological replicates

https://www.researchgate.net/publication/341320775 Retrotransposon Analyses in Cucurbitaceae family



https://www.researchgate.net/publication/341320775_Retrotransposon_Analyses_in_Cucurbitaceae_family

Sukkula IRAP - human genome

IRAP amplification using Sukkula-specific primers

M - marker, NC, negative control (no template DNA)

9 10 11 1213 14 15 16 17 18 19 20 21 22 23

3000 bp vy
1500 bp sy = =

S ¥ 9 oTFILSTOTTI I T

N1
®

6

| £4

300 bp

100 bp

Plant-specific retrotransposon (Sukkula) identification in the human genome

(24 DNA samples) by inter-retrotransposon amplified polymorphism (IRAP)
Polymorphism ratios: 8%-100 in females and 13%-100% in males

€ #T £T 0T 81 61 LT ST TX

- First reports on plant-specific retrotransposons in the human genome

Cakmak et al 2017. Sukkula retrotransposon movements in the human genome

https://www.researchgate.net/publication/316075084_Sukkula_retrotransposon_movements_in_the_human_genome



DArT - Diversity Array Technology

N3o usa electroforese Array development Assay
Usa hibridac&o de fragmentos de DNA “Genepool” Sample 1 . . onac2mple 2.
numa superficie solida — N\ —_— N———
_//\_’_\_’—
—> array ou microChip | | Genomic |
representation
Sistema de alto débito, ou seja, analisa ::::::::E_:;;}};;;;;;,i}k..::::;;;;:: ,,,,,,,, s _— N
uma enorme quantidade de fragmentos e
simultaneamente | Hybridisation l
Detect ancia d Clone and |
etecta a presenca ou auséncia de microarray . [ DAT o
fragmentos individuais fragments ST chie T

Pattern 1 Pattern 2



Resumo das caracteristicas dos marcadores

Features RFLP AFLP | RAPD SSR ISSR SNP DArT Retrotransposons
Dn?te‘iﬁtc')‘c’,” Hybridization | PCR PCR PCR PCR | PCR/Seq | Seq/Hibridagdo PCR
g DNA/ SSR
Type of cDNA Sequenc | Random Sequence unique Sequence Sequence specific
probe/primer sequence of | e specific | design specific rir0r|1er specific gDNA primers
used structural primers primer primers P primers
genes
Dependent of
genomic Limited Limited Limited Extensive Limited Extensive Extensive Limited
knowledge
Degree of : Medium . : : : :
polymorphisms Low High to High High High Very High High High
Multiallelic . . Bi-allelic s
Phenotype . . . ) Multiallelic ) . Multialélico
expression Co dominant | Dominant | Dominant Cp Dominante Cp Dominante Dominante
Dominante dominant
el i No Yes Yes Yes Yes Yes Yes Yes

automation




Kilobases / day / machine

1,000,000,000

100,000,000

10,000,000

1,000,000

100,000

10,000

1,000

100

10

Sequencing yield and cost

A

. 1

A

A

s

13

-~

3" generation

New generation

PCR independent
sequencers

Short-read

sequencers

Microwell

pyrosequencing

1980

1985

1993

1998 2004

2009

2014 Future

100

10

0.1

0.01

0.001

0.0001

0.00001

Cost / Kilobase (USS)



Genome vs. genome analysis

Genotyping Interpretation

J57)

059,
T~ ' -
.)J/.) Interpretation Genotyping
5% 5%
F—— ———

Costs per

genome Number of genomes
sequenced

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Genome
VS
Genome analysis:

- Costs for genome sequencing
are decreasing significantly

- In parallel, costs for genome
interpretation are increasing



DNA barcoding

Técnica molecular utilizada para identificacao de espécies/variedades

Analise de uma sequéncia de DNA especifica padronizada

(“bioindentificador”) Marcadores DNA barcode
. . Grupo DNA Barcode Localizagao gendmica
Gene ou regiao especifica de DNA para cada grande grupo Animais _ COI Mitocondria
taxondmico Plantas MatK+rbcL  Cloroplasto
- identificador universal Fungos  ITS-rDNA Nucleo

Bactérias 16S-rDNA Mitocondria

Apo6s amplificacdo por PCR e sequenciacao

Comparacao das sequéncias (barcodes) com bases de dados de
referéncia
- —> identificacao (ID)

FEERRER LR i b il
GAACTTAACACCCTAGCCATCCTTCCAC

Sihg B
7 VI =alal

a1
@ N

| A
l'lw]

;‘vw’n

A
NIIIII!EIIIIII I lllllll\ll IIIILIIIII R




DNA barcoding

() »

Ver mais t... Partilhar

Extract DNA

\\‘.\

DNA Barcoding °
mais

e

i 4

Sequence DNA

https://www.youtube.com/watch?v=9Y GM6L8bzxq&t=58s
3’35”



https://www.youtube.com/watch?v=9YGM6L8bzxg&t=58s

Spinach barcoding

Analyzing local spinach plant diversity
with rpoC1 and matK DNA barcode technique

Standard DNA barcode markers
Maturase K (matK)
RNA polymerase subunit beta (rpoC1)

Set of Primers used for PCR of the extracted DNA
Rpocl F: GGCAAAGAGGGAAGATTTCG

Rpocl R: GAGAAAACATAAGTAAACGGGC
MatK F: CATCCATCTGGAAATCTTGGTTC
MatK R: TATGATAATGAGAAAGATTTCTGC

Spinach diversity

Sequencing :

83.42

PCR amplification from spinach plants

Similarity

rpoC1 PCR amplification

matK PCR amplification 100007 5 9 6 7 8 3 2 4

https://www.cabidigitallibrary.org/doi/pdf/10.5555/20230398404



https://www.cabidigitallibrary.org/doi/pdf/10.5555/20230398404

SNP - Single Nucleotide Polymorphism

Single nucleotide polymorphism (SNP)
- variation at a single position in a DNA sequence — 1 bp

- SNP within a gene
- gene with more than one allele
—> potential variations in the amino acid sequence

- SNPs in noncoding regions of DNA [W\[\M/YW\/Y\ N\A{\NW\(\M

| 1111 ALINNEN

Detected by; <»oo»»ueooc<o§o»o<<<<¢<o—<

-Sequencing e e e e e
- PCR




Aplicacoes dos Marcadores Moleculares

Marcadores
Moleculares

Identificacao = Diversidade

Fingerprinting filogenética

Protecao dos imati
direitos de obtentor |dentificacdo de 52?{2&}?523:

de_ novas variedades genética
variedades




Using nuclear science in marker-assisted plant breeding

https://www.youtube.com/watch?v=H3DtOOTkjRc&t=1s&ab channel=FoodandAgricultureOrganizationoftheUnitedNations
307”7



https://www.youtube.com/watch?v=H3DtOOTkjRc&t=1s&ab_channel=FoodandAgricultureOrganizationoftheUnitedNations

Marker assisted selection (MAS)

Selecting for DNA
markers is faster than
selecting for phenotype

1 2 3 4 5 6 7 8 9 10

Phenotype physical Genotype: sequence of all the
expression of traits DNA (genes) in a genome

Photo credit LemnaTec; Anderson, L.K., Lai, A., Stack, S.M., Rizzon, C. and Gaut, B.S. (2006). Uneven
distribution of expressed sequence tag loci on maize pachytene chromosomes. Genome Research. 16:

L1 © 2013 American Society of Plant Biologists


http://www.lemnatec.org/
http://genome.cshlp.org/content/16/1/115.short
http://genome.cshlp.org/content/16/1/115.short
http://genome.cshlp.org/content/16/1/115.short

Example: Introgression of a disease resistance gene

How to add a
disease resistance
trait to an “elite”
tomato plant?

Elite tomato Poor tomato but

disease resistant
(resistance gene indicated)

© 2013 American Society of Plant Biologists



Example: Introgression of a disease resistance gene

Coss the two plants

Some of their progeny inherit the

™ disease resistance trait, some don’t
i — how to identify the difference?

Photo by Stephen Ausmus USDA

© 2013 American Society of Plant Biologists


http://www.ars.usda.gov/is/graphics/photos/jul03/k10498-2.htm

Example: Introgression of a disease resistance gene

DNA molecular markers

- identify plants with the resistance gene
- w It's faster and easier than infecting all
“§i % plants to see the phenotypes

© 2013 American Society of Plant Biologists



Example: Introgression of a disease resistance gene

Is this an elite disease-resistant tomato?
No, half of its genes (alleles) are from the
poor tomato

© 2013 American Society of Plant Biologists



Example: Introgression of a disease resistance gene

Repeatedly cross back to the
elite tomato, using markers to
identify plants with the disease
resistance gene

© 2013 American Society of Plant Biologists



Example: Introgression of a disease resistance gene

Markers greatly
accelerate breeding programs

B BN B | Immw Atfter several generations
- elite disease resistant tomato

© 2013 American Society of Plant Biologists



