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Historia: 1977
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PCR - 1986

Kary Mullis
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Specific Enzymatic Amplification of DNA In Vitro:
The Polymerase Chain Reaction

K. MuLLIS, F. FALOONA, S. SCHARF, R. SaAIK1, G. HORN, AND H. ERLICH
Cetus Corporation, Department of Human Genetics, Emeryville, California 94608

The discovery of specific restriction

DNA molecule or, with a minor modification in the

(Smith and Wilcox 1970) made possible the isolation of
discrete molecular fragments of naturally occurring
DNA for the first time. This capability was crucial to
the development of molecular cloning (Cohen et al.
1973); and the combination of molecular cloning and
endonuclease restriction allowed the synthesis and iso-
lation of any naturally occurring DNA sequence that
could be cloned into a useful vector and, on the basis
of flanking restriction sites, excised from it. The avail-
ability of a large variety of restriction enzymes (Rob-
erts 1985) has significantly extended the utility of these
methods.

The de novo organic synthesis of oligonucleotides
and the development of methods for their assembly
into long double-stranded DNA molecules (Davies and
Gassen 1983) have removed, at least theoretically, the
minor limitations imposed by the availability of natu-
ral sequences with fortuitously unique flanking restric-
tion sites. However, de novo synthesis, even with auto-
mated equipment, is not easy; it is often fraught with
peril due to the inevi indelicacy of i re-
agents (Urdea et al. 1985; Watt et al. 1985; Mullenbach
et al. 1986), and it is not capable of producing, inten-
tionally, a sequence that is not yet fully known.

We have been exploring an alternative method for
the synthesis of specific DNA sequences (Fig. 1). It in-
volves the reciprocal interaction of two oligonucleo-
tides and the DNA polymerase extension products
whose synthesis they prime, when they are hybridized
to different strands of a DNA template in a relative
orientation such that their extension products overlap.
The method consists of repetitive cycles of denatura-
tion, hybridization, and polymerase extension and
seems not a little boring until the realization occurs that
this procedure is catalyzing a doubling with each cycle
in the amount of the fragment defined by the positions
of the 5' ends of the two primers on the template DNA,
that this fragment is therefore increasing in concentra-
tion exponentially, and that the process can be contin-
ued for many cycles and is inherently very specific.

The original template DNA molecule could have
been a relatively small amount of the sequence to be
synthesized (in a pure form and as a discrete molecule)
or it could have been the same sequence embedded in
a much larger molecule in a complex mixture as in the
case of a fragment of a single-copy gene in whole hu-
man DNA. It could also have been a single-stranded

technique, it could have been an RNA molecule. In any
case, the product of the reaction will be a discrete dou-
ble-stranded DNA molecule with termini correspond-
ing to the 5’ ends of the oligonucleotides employed.

We have called this process polymerase chain reac-
tion or (inevitably) PCR. Several embodiments have
been devised that enable one not only to extract a spe-
cific sequence from a complex template and amplify
it, but also to increase the inherent specificity of this
process by using nested primer sets, or to append se-
quence information to one or both ends of the se-
quence as it is being amplified, or to construct a se-
quence entirely from synthetic fragments.

MATERIALS AND METHODS

PCR amplification from genomic DNA. Human
DNA (I ug) was dissolved in 100 ul of a polymerase
buffer containing 50 mm NaCl, 10 mm Tris-Cl (pH 7.6),
and 10 mm MgCl,. The reaction mixture was adjusted
to 1.5 mm in each of the four deoxynucleoside triphos-
phates and 1 g™ in each of two oligonucleotide primers.
A single cycle of the polymerase chain reaction was
performed by heating the reaction to 95°C for 2 min-
utes, cooling to 30°C for 2 minutes, and adding 1 unit
of the Klenow fragment of Escherichia coli DNA poly-
merase I in 2 ul of the buffer described above contain-
ing about 0.1 ul of glycerol (Klenow was obtained from
U.S. Biochemicals in a 50% glycerol solution contain-
ing 5 U/ul). The extension reaction was allowed to pro-
ceed for 2 minutes at 30°C. The cycle was terminated
and a new cycle was initiated by returning the reaction
to 95°C for 2 minutes. In the amplifications of human
DNA reported here, the number of cycles performed
ranged from 20 to 27.

Genotype analysis of PCR-amplified genomic DNA
using ASO probes. DNA (1 ug) from various cell lines
was subjected to 25 cycles of PCR amplification. Ali-
quots representing one thirtieth of the amplification
mixture (33 ng of initial DNA) were made 04 N in
NaOH, 25 mm in EDTA in a volume of 200 ul and
applied to a Genatran-45 nylon filter with a Bio-Dot
spotting apparatus. Three replicate filters were pre-
pared. ASO probes (Table 1) were 5-phosphorylated
with [\-?P]JATP and polynucleotide kinase and puri-
fied by spin dialysis. The specific activities of the
probes were between 3.5 and 4.5 xCi/pmole. Each filter

Cold Spring Harbor Symposia on Quantitative Biology, Volume L1. ©1986 Cold Spring Harbor Laboratory 0-87969-052-6/86 $1.00 263

From: https://evilleeye.com/in-the-neighborhood/nobel-prize-winning-emeryville-scientist-kary-mullis-passes-at-74/
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Historia: 2003

Proyecto Genoma Humano

HUMAN ' 8
GENOME 4



El Genoma es Muy
Complejo:
Genes Individuales

*Pico de viuda (linea de implantacién del cabello en forma de V): alelo dominante (W).

WIDOW'S PEAK




El Genoma es Muy
Complejo:
Genes Individuales

*Capacidad para enrollar la lengua: depende en general de un solo gen




Test Genéticos: 2013

-  BRCA1 y BRCA2, aumentan significativamente el riesgo de cancer de mama, ovario, prdstata y otros
- Su madre, tia y abuela fallecieron de cancer

- Otras consideraciones del estilo de vida (Fumadores — Alcohol — Dieta)

-  BRCA2 (+):

87 % de riesgo de cancer de mama a lo largo de la vida (12 % en la poblacidn general).
50 % de riesgo de cancer de ovario (frente a aproximadamente el 1,3 %).

- Cirugia preventiva:
Mastectomia doble: Redujo su riesgo de cancer de mama a menos del 5 %.
Ooforectomia: Cirugia de ovarios y trompas de Falopio. *Medicina de Precisién
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Aplicaciones:

Medicina Forense Neanderthal
Antropologia

Estudios de paternidad
Biologia Evolutiva — Mamut

Virologia — Covid19

Homo sapiens
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N AFR EUR NAM
@® o ., AFRICA 105 | 099998 0.00001  0.00001
. . % EUROPE 156 | 0.00001 0.99998  0.00001
Caribe AMERICA 139 0.00001 _ 0.00001  0.99998

o Amazonia 36 0.0766 02714 0.6520

Orinoquia 34 0.1098 0.5300 0.3602

Orinoquia Andes 530 0.0740 05799 0.3461

Pacific 83 0.6327 02272 0.1401

Caribe 78 0.2298 05501  0.2201

Medicina Forense

Pacific

Antropologia

M African (AFR)
W European (EUR)
M Native American (NAM)

Estudios de paternidad

Biologia Evolutiva — Mamut
Sub-continental origins of an

. , . Afro-Colombi
Virologia — Covid19 ro--olombian genome

> Origin c Tribe No.LCLs No. Males

Central AfricanRepublic  4N,17E  BiakaPygmyrelatives 36 3
" Democratic Republic of Congo 1N, 29E Mbuti Pygmy relatives 15 13

Senegal 1N1W Mandenkarelatives 24 16
ndioka Nigeria 6-10N,2-8E  Yoruba relatives 25 13
! [ Mg S Namibia 215206 Sanrelatives 7 7
9 Kenya 35,37€ Bantu NE relatives 12 n
9 Bantu Speakers s. Africa 8 ]
i 9 . Africa Bantu S . 205,30E  BantuSE.Pedi 1 1
5. AfricaBantuSE. 20520 BantuSE Sotho 1 1
< S, Africa Bantu S E. 285,24 BantuSE.Tswana 2 2
. Africa Bantu SE. 26531 BantuSE.Zuu 1 1
S. Africa Bantu S.W. 225,19 Bantu S.W. Herero 2 2
5. Africa Bantu SW. 19518E BantuSW.Ovambo 1 1
SUBSAHARAN AFRICA 127 109

Source: HGDP-CEPH Proiect - htto://www.cephb.fr/en/hadp/table.ohp

Ossa, H., Aquino, J., Pereira, R., Ibarra, A., Ossa, R. H., Pérez, L. A., ... & Gusmao, L. (2016).
Outlining the ancestry landscape of Colombian admixed populations. PloS one, 11(10), e0164414.
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Aplicaciones:

Medicina Forense

Antropologia

Estudios de paternidad

Biologia Evolutiva — Mamut

: , : I am your father!
Virologia — Covid19
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Aplicaciones:

Medicina Forense

Antropologia
Estudios de paternidad

Biologia Evolutiva

Virologia — Covid19

Estudio de Organismos extintos

QL -




Aplicaciones:

Medicina Forense f}:“(* Wﬂ d)ﬂ‘ &
Mesonychids

, (extinct) Camels Pigs  Ruminants Whales Hippos
Antropologia

[ =

Estudios de paternidad

Biologia Evolutiva

Virologia — Covid19

https://evolution.berkeley.edu/phylogenetic-systematics/using-trees/using-trees-to-make-
predictions-about-fossils-the-whales-ankle/
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Aplicaciones:

Phytophtora .
LSO Fungi Animals

i Plants
Medicina Forense Chromlst-a .
Straminipila
Antropologia J |Oomycetes |
Estudios de paternidad e /

Biologia Evolutiva Plasmodiophoromycota B / Archaea
— 24
Virologia — Covid19 Bacteria \ /

https://www.apsnet.org/edcenter/Pages/OomyceteslLab.aspx
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Aplicaciones:

Cuba

I 20H (Beta,v2)
Il 201 (Alpha,v1)
B 20) (Gamma,v3)

Clade A
21L (Omicron)
. 21K (Omicron)
. 21M (Omicron)

B 21A(Delta) 19A

% B 21 (Deita) 198

a 3. B 21 (Delta) 20A

) > p () B 218 (Kappa) 20C

. . Verg@pela I 21C(Epsilon) 20G
Medicina Forense cglyoe 57 R | 21D (Eta) B 20E EU1)

g ) 4 21F (lota) B 208

i = 21G (Lambda) B 20D

Antropologia ¥ W 21H My W 20

o Cd
. . i H{,.,
Estudios de paternidad -
oo Sout]

Biologia Evolutiva

Virologia — Covid19

Molina-Mora, J. A., Reales-Gonzdlez, J., Camacho, E., Duarte-Martinez, F., Tsukayama, P., Soto-Garita, C., Cristancho, M. &
Herrera-Estrella, A. (2023). Overview of the SARS-CoV-2 genotypes circulating in Latin America during 2021. Frontiers in

Public Health, 11, 1095202.

Cenicafé

Centro Nacional de Investigaciones de Café o
Cai




Efecto de la cafeina

*El gen CYP1A2 codifica la enzima hepatica responsable de metabolizar la cafeina.

*Metabolizadores rapidos (~*40-50% de las personas)

*Poseen el genotipo CYP1A2*1A/*1A (enzima de alta actividad)

*Metabolizadores lentos (¥50-60% de las personas)

*Son portadores de al menos un alelo CYP1A2*1F (*1A/*1F o *1F/*1F)

@ -



Biologia Molecular en la
Agricultura:

Primera planta genéticamente modificada (1983)

El tomate Flavr Savr, disenado para una maduracion retardada

Comercializacion de cultivos transgénicos (1996)

Soja Roundup Ready de Monsanto, tolera herbicidas

Introduccidén de cultivos Bt (1996)

Resistencia a insectos

enicafé
Centro Nacional de Investigaciones de Café
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Adopcion global de cultivos transgénicos —

» Argentina NA NA
(decada de 2000) - -
Brazil NA NA NA NA
a (Pvt) (Pvt) (Pvt) (Pub)
Canada IR NR
(Pvt) (Pvt)
Colombia NA NA NA
(Pvt) (Pvt) (Pvt)
Costa Rica NA
(Pub)
Paraguay NA NA
(Pvt) (Pvt)

m Bjotic Stress Resistance
m Herbicide Tolerance
Industrial Application

B Yield Improvement

m Nutritional Improvement

m Abiotic Stress Resistance

m Research Purposes

Ricroch, A., Desachy, L. D., Penfornis, M., Akin, M., Kondi¢-Spika, A., Kuntz, M., & Miladinovié, D. (2024). Worldwide study on field trials of biotechnological crops: new
promises but old policy hurdles. Frontiers in Plant Science, 15, 1452767 .
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Café: Genes
Individuales

Caracteristicas morfoldgicas y de desarrollo
- Enanismo: Caturra
- Forma de la hoja: Gen Lm1 (mutacion lanceolada en C. arabica)

- Color de la semilla (grano): Gen Y (grano amarillo vs. verde en C.
arabica)

Tolerancia a estrés abiotico

- Tolerancia a la sequia: CcDREB1D (gen del factor de transcripcion en
Robusta)

@ -



Sintesis de Cafeina
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Coffea: CaXMT ", \ ( ‘U, Camellia: TCS1
7-methylxanthine | | Theobromine
[7X] [TB]

Coffea: CaMXMT
Camellia: TCS1

*Una sola mutacion del gen N-metiltransferasa (NMT) puede alterar
su produccion:

*En el té, las mutaciones de TCS1 aumentan la cafeina sobre Ia
teobromina.

*En el cacao, la actividad de TcXMT favorece la acumulacion de
teobromina.

*En el café, la actividad de CaMXMT favorece la acumulacién de
cafeina.

Huang, R., O’'Donnell, A. J., Barboline, J. J., & Barkman, T. J. (2016). Convergent evolution of caffeine

Federacion Nacional de
Cafete ombia

in plants by co-option of exapted ancestral enzymes. Proceedings of the National Academy of
Sciences, 113(38), 10613-10618.
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Proyecto del Genoma del Cafe: 2003 -
2014

“Iniciativa para el estudio del genoma del café, de la broca y de su agente biocontrolador,
el hongo Beauveria bassiana”

[2El Genoma
File Edit View Favorites Tools Help ‘ a"

@Back - \) - l.ﬁ; ‘pSzaarch |- Folders ‘ = i
Address I@ C:WJISR\Capiadgall,_alvaro ZUUB\PrDJects\(j Go

t.. m . Dr. Gabriel Cadena

Resistencia Calidad 1 Colar de fruto

Productividad 1 Cafeina Productividad 2

30,000 Genes

José Ricardo Acufia, Pablo Benavides, Marco Aurelio Cristancho, Alvaro Ledn Gaitan, Carmenza
Goéngora, Juan Carlos Herrera, Diana Molina, Maria Del Pilar Moncada, Huver Posada *
Mencién de Honor - Ciencias 2008
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Proyecto Genoma del
Café

Grupo de Bioinformatica de
CENICAFE

Primer grupo del area en
Colombia

C @ =
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Proyecto Genoma

Genes de Resistencia
Genomas Café

% {3131 bp) (Bl;;bpl k(3316 bp) // (}lﬁ:‘bp)( IZ?OB;b_p_)‘
. . —4—”—<—R/L—‘\ 7N A N o
C. arabica var. Caturra o

C. arabica Di-Haploide C e - /'""";— SH3 Gene

C. canephora
° . C c ‘(3210 bp) ;(3134 bp) }[3163 bp) // (2901 bp)
C. eugenioides s 7 N s G 7

11kb 16 kb i)

C. liberica ™,
Hibrido de Timor o
Ethiopia: 90 accessiones

SHé6
SH7

1c le 2c 2e 3c 3e 4c 4e 5c Se 6¢c 6e 7c 7e 8c 8e
Oy FFET BT TIEIE

TG TE KASP Markers Mapping SHS8
sol (- | 4l MR el WORLD'
- R 0 N COFFEE
B 0 1 W RESEARCH
;; | 0| R - L; - - ;
60| -
75/ e

C @ =
enicafé
Centro Nacional de Investigaciones de Café ®




Home > Euphytica > Article

® °®
Ive rs I d a d Strategies to develop polymorphic markers

for Coffea arabical L.

y 4 o ;

Published: 29 December 2009
e n e I ‘ a Volume 173, pages 243—253,(2010) Cite this article
L.-A. Zarate, M.-A. Cristancho £ & P. Moncada

C. vatovavyensis

C. toshii = . X
C. ambodirianensis
C. dolichophylla

C. millotii (12,

C. abbayesii i
C. farafanganensis
C. richardii (11)

mp&qdhéf

Access

leroyi
C. andrambovatensis
C. homollei
C. vianneyi
C. resinosa

C. kianjavatensis (9)
=3 C. Jancifolia
C. vohemarensis
C. pervilleana
C. augagneuri .

. humbertii

C. dubardii (8)
C. heimii
C. tetragona

C. humblotiana
C. tsirananae

— Gomaunbiana 2
C. mauritiana-M (7)

— C. salvatrix .
0 C. gseudozanguebanae
._costatifructa
C. racemosa (6)
1.543 J

0.128

C. liberica dewevrei
C. liberica liberica

C. canephora (5)
C. congensis (4)
C. sp N'Gongo2
= C. kapakata (3)
i

0.704F C. anthonyi
C. heterocalyx (2)
C. charrieriana
C. rhamnifolia

C. ebracteolata (1)
C. mannii

0.061

C. travancorensis
C. benghalensis benghalensis

0 caffeine contentin % dmb 2.7 1 2
length=0.052

Hamon, P., Grover, C. E., Davis, A. P., Rakotomalala, J. J., Raharimalala, N. E., Albert, V. A., ... & Guyot, R. (2017). Genotyping-by-sequencing provides the first
well-resolved phylogeny for coffee (Coffea) and insights into the evolution of caffeine content in its species: GBS coffee phylogeny and the evolution of caffeine

content. Molecular phylogenetics and evolution, 109, 351-361.
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Microbiologia Suelos del
Cafée
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Ochoa-Henriquez, V. H., Faggioli, V., Gbmez-Godinez, L. J., Rivarola, M., &
Cristancho, M. (2024). Colombian coffee (Coffea arabica L.) plantations: a taxonomic
and functional survey of1345383 soil fungi. Frontiers in Sustainable Food Systems, 8,.
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ermentacion del Café
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Gongora, C. E., Holguin-Sterling, L., Pedraza-Claros, B., Pérez-Salinas, R., Ortiz, A., &
Navarro-Escalante, L. (2024). Metataxonomic identification of microorganisms during the
coffee fermentation process in Colombian farms (Cesar department). Foods, 713(6), 839.
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Navarro-Escalante, L., Hernandez-Hernandez, E. M., Nufez, J., Acevedo, F. E., Berrio, A., Constantino, L. M., ... & Benavides, P. (2021). A coffee berry borer (Hypothenemus
hampei) genome assembly reveals a reduced chemosensory receptor gene repertoire and male-specific genome sequences. Scientific reports, 11(1), 4900.
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Genoma de Hemileia vastatrix

ORIGINAL RESEARCH article

Front. Plant Sci., 30 October 2014 This article is part of the Research Topic
Sec. Plant Pathogen Interactions Genomics research on non-model plant pathogens: delivering novel
Volume 5 - 2014 | https://doi.org/10.3389/fpls.2014.00594 insights into rust fungus biology.

View all 15 articles >

Genoma gigante

Annotation of a hybrid partial genome of the coffee rust
(Hemileia vastatrix) contributes to the gene repertoire catalog

of the Pucciniales 750 — 790 Mb!!

@ Marco A. Cristancho®” ‘ David Octavio Botero-Rozo™? William Giraldo® Javier Tabima*?
” Diego Mauricio Riafio-Pachon®’ ‘ Carolina Escobar® Yomara Rozo* Luis F. Rivera®
Andrés Duran' Silvia Restrepo? Tamar Eilam?> Yehoshua Anikster® 3 Alvaro L. Gaitan'

Coffee leaf rust caused by the fungus Hemileia vastatrix is the most damaging disease to coffee worldwide. The pathogen
has recently appeared in multiple outbreaks in coffee producing countries resulting in significant yield losses and increases in
costs related to its control. New races/isolates are constantly emerging as evidenced by the presence of the fungus in plants
that were previously resistant. Genomic studies are opening new avenues for the study of the evolution of pathogens, the
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Genoma de Hemileia vastatrix raza |

Assembly
Total Length (bp) 773,428,567
N50 35,486,499 s
L50 9 “
N9O 55 5
L90 26 .
Largest scaffold 71,415,227 !
Number of scaffolds 914 : :
Number of gaps 29 w\ T
Complete BUSCOs* 96.08% S T I
GC (%) 33.8
13.045 genes Angel, Marin & Maldonado, 2023
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Variantes Geneticas de la Roya
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La roya presente hoy en Colombia es genéticamente mucho
mas compleja que la roya de 1983
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Gendmica de
Beauveria bassiana
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Mantilla, J. G., Galeano, N. F., Gaitan, A. L., Cristancho, M. A., Keyhani, N. O., & Gongora, C. E. (2012).
Transcriptome analysis of the entomopathogenic fungus Beauveria bassiana grown on cuticular extracts

of the coffee berry borer (Hypothenemus hampei). Microbiology, 158(7), 1826-1842.
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CBD - Diagnéstico
Molecular
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Edicion de
Genes
(CRIPSR-Cas9)

Jennifer Doudna and Emmanuelle Charpentier
Premio Nobel - 2020




Objetivo: entender la comunicacion café-broca y conferir =
resistencia al insecto

Silenciamiento de Genes en café- %i il '

Frutos producen volatiles que atraen la plaga.
Ninguna estrategia de control evita que el insecto llegue
ataque el fruto




Estudios comunicacion café-broca

Relative hevein like protein expression
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« Idarraga, S. M., Castro, A. M., Macea, E. P., Gaitan, A. L., Rivera, L. F., Cristancho, M. A., & Géngora, C. E. (2012). Sequences and transcriptional
analysis of Coffea arabica var. Caturra and Coffea liberica plant responses to coffee berry borer Hypothenemus hampei (Coleoptera: Curculionidae:

Scolytinae) attack. Journal of Plant Interactions, 7(1), 56-70.
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Crispr Cas/9: Tecnologia de silenciamiento

Plantas seleccionadas
Evaluacion de los frutos frente a la broca - olfatometria

Disminucion en la emision de
volatiles

Disminuye la atraccion de la broca
(50%- 75%)- Menor infestacion

Prueba de concepto de
silenciamiento en café
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iMuchas Gracias!

ara superar los desafios del cultivo del
café—clima, plagas y enfermedades—
necesitamos de la biologia molecular.

El futuro del café se escribe a nivel
molecular!
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