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Introduction 
• Specific obstacles in mango breeding: 

– Long juvenile stage 

– Limited markers and knowledge on heritability 

–  Very low fruit setting. 

• Mango breeding is primarily based on 
screening and selection. 

• Tools to enhance the breeding process are 
required.  



The project aim is integration of 
genetic and genomic approaches for 
fruit trees and specifically for mango 

breeding 
 

 



Phenotype and 
important traits 

Genetic maps based 
on molecular markers 

Chromosome 8 
RG20 

RG1 

genome 
sequencing 

World map from the 
16th century 

A satellite view of 
Earth 

Earth continental maps 

Breeding, maps and resolution 



The project main goals: 

• Development of a genomic infrastructure 
for mango using high throughput 
sequencing 

• Identification of molecular markers 
associated with important horticultural 
traits 

• Use of the identified markers as a main 
and early selection tool in our mango 
breeding project 



Generating markers for horticultural traits in mango 

Trait Keitt Tommy Atkins 
 

Peal Color Green Red 

Fibers Almost none Some fibers in flesh 

Size Large Moderate 

Harvesting 
Season 

Early Late 



Characterization of the mango transcriptome 

454 sequencing Keitt cDNA 

mixture 



High throughput sequencing statistics 

454 
sequencing of 

Keitt RNA 

60,997 contigs Number of 
Contigs 

1,329,313 
reads 

Reads/bps 

X 17 coverage Average 
coverage 

After CAP3 
analysis 

49,717 contigs 

44,845,498 
bps 



Length Distribution of contigs 



Annotating the Mango Transcriptome 

• 42,000 ORFs were found (out of the 49,000 
contigs) 

• 28,000 were annotated and were mapped 
using Gene Ontology 





Biological Processes of Mango 
Transcriptome Annotations 



Molecular function of annotated genes 



High throughput sequencing for mango SNP discovery 

SNPs 
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Mapping to the Mango 

transcriptome 

Illumina Hiseq2000 

http://www.sequencing.uio.no/news/2011/hiseq_2000.jpg


Mapping of Keitt and Tomy Atkins 
transcriptomes using Illumina 

HiSeq2000 sequencing  

cDNA MIX Number of 
reads 

Percentage  
mapped 

reads 

Coverage 

Keitt 70,163,264 83.14% X 129 

Tommy-Atkins 69,070,018 79.23% X 121 



SNP identification using high 
throughput sequencing 



Identified Keitt – Tommy Atkins SNPs 

genotype categories Number of SNPs 

Both Homozygous 9,390 

Homozygous in Keitt and 
heterozygous in Tommy 

45,861 

Heterozygous in Keitt and 
homozygous in Tommy 

36,088 

Heterozygous in both 38,511 

Total identified SNPs 129,850 



Germplasm  
collection 

platform Fluidigm –Germplasm genotyping   

SNP  call map 

480 SNP 
assays 

EP
 
 FLUIDIGM 
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A dendrogram of SNPs variation in 
mango cultivars and accessions  



B
D

 3
/8

0
 

B
eso

r 1
6

/3
6
 

B
D

 8
8

/3
1
 

Zr 6
/2

 

B
D

 3
/7

9
 Tan

go
 

B
D

 9
2

/1
2

7
 

Sh
elly B

D
 1

4
/6

3
 

To
m

y-A
tkin

s 

A
gam

 B
D

 1
1

0
/4

9
 

M
o

ra
 

M
. lau

rin
ia

 
Ed

u
ard

 
G

len
 

H
ad

en
 

H
ard

ess 
Yad

aee
 

W
in

ters 
B

ro
o

ks Late
 

To
m

p
so

n
 

“R
ed

” K
eitt 

B
D

 1
/1

2
6
 

TFE0
2 (Fran

cis) 
E1

0
-5

12
 

Ju
b

ilee
 

Zr 6
/6

 
M

aya
 

B
D

 4
0

/4
5

 Tali 
Lily 
B

D
 7

7
/9

8
 

B
D

 8
0

/5
8
 

B
D

 3
/3

4
 

B
D

 3
/1

3
2
 

B
eso

r 4
/5

4
 

B
D

 4
/2

9
 

Irw
in

 
So

u
th

ern
 B

lu
sh

 
M

an
zan

illo
 

G
o

u
veia

 
V

allen
ato

 
B

ian
to

 

B
D

 1
1

0
/4

1
 

N
o

a B
D

 1
0

9
/1

36
 

O
rli B

D
 1

0
5

/1
4

2
 

B
D

 7
7

/3
5
 

Zillate
 

M
. Lau

rian
a
 

O
m

er B
D

 3
4

/8
3
 

B
D

 3
4

/8
0
 

V
an

 D
yke

 
A

u
stin

 
V

alen
cia P

rid
e
 

Fein
aro

 

K
en

t 

G
ary 

M
u

lgo
va

 

H
im

sagar 
B

rin
d

ib
an

i  

H
as-El-H

as 
D

ash
eri 

Lan
gra

 
N

u
m

-D
o

c-M
ai 

G
ad

o
n

g
 

C
arab

ao
 

G
o

lek 
D

o
lo

res 
O

ro
 

O
lo

u
r 

M
ad

am
 F 

C
yb

er, R
o

o
tsto

ck 

1
3

/1
, R

o
o

tsto
ck 

W
ally 

Su
b

ran
a-R

eka
 

G
aylo

u
r 

M
ab

ru
ka

 
K

esar 
A

lp
h

o
n

so
 

P
ayri 

Isis 

Sed
u

ra
 

H
eid

i 
R

atn
a
 

Sin
d

h
u
 

R
2

E2
 

K
en

sin
gto

n
 

D
o

t 
Ju

stin
 

Jakarta
 

B
s 2

0
/1

 
B

s 2
0

/2
6
 

Facel 

K
eitt 

M
. o

d
o

rata
 

Israeli Breeding Product 
Floridan cultivars 
Austarlailn Origin 

Indian Origin 

Other (Hawai, Philipines) 
Othere Mangifera Sps. 

A dendrogram of SNps variation in 
mango cultivars and accessions  



Phenotypic characterization 
of the collection 

Identification of specific 
markers in the germ line 

collection 

Discovery of genetic linkages between markers 
and traits 

Identification of markers for horticultural 
traits using the germ line collection 

Use of marker assisted 
selection in mango breeding 



Use of molecular markers in mango 
breeding 

• Creation and identification of progenies 
(self/cross) from specific parents. 

• Generation of specific F1 populations by 
molecular means. 

• Generation of molecular TAGs for mango 
cultivars

 
 

• Use of molecular markers for early 
identification of key traits in mango breeding 
(color, fiberness, aroma, resistance to 
pathogens) 

 



Further analysis will include a larger 
germplasm and analysis on F2 

populations to create a physical 
genetic map 
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