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GENOME-WIDE ASSOCIATION STUDIES IN BERRY PROGRAMS
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IDE ASSOCIATION STUDIES IN BERRY PROGRAMS

IDENTIFICATION OF THE

CAUSAL GENE AND
FUNCTIONAL
VALIDATION

The discovered SNPs can be converted into valid markers for breeding programs:
DEVELOPMENT OF DIAGNOSTIC TESTS
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Experimental population

124 diverse accessions

from the IFAPA Fragaria germplasm collection
F. x ananassa and some hybrids with F. chiloensis
. Genotyping: 50K Fana Axiom Array = >40K SNPs
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Experimental population phenotyping
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Value

Trait 2020-2021 2019-2020 2018-2019 Corréations
— . 20-21vs. 20-21vs. 19-20vs.

Name Abreviation Units M ean (%sd) Range M ean (%sd) Range M ean (%sd) Range 19-20 18-19 18-19
Flowering Time FL_Days d 111.95+36.11 48 - 220 164.62 = 38.63 58 - 237 111.56 £ 34.32 27 - 200 0.49* 0.34* 0.33*
Green Color in Petals FL_GCP 2 - point scale 1.14£0.35 1-2 1.02+0.06 1-2 1.03+£0.12 1-2 0.14 0.15 0.15
Red Color in Petals FL_RCP 3 - point scale 1.13+0.34 1-3 1.03+0.12 1-3 1.15+0.37 1-3 0.50* 0.48* 0.41*
Flower Diameter FL_Diameter 3 - point scale 5.00+0.32 3-7 4.95 +0.60 3-7 4.80+0.83 3-7 0.23* 0.13 0.44*
Leaf Color Upper Side LE_CUS 5 - point scale 3.27+0.68 1-5 3.17+0.62 1-5 2.98 +£0.33 1-5 0.57* 0.47* 0.35*
Leaf Glossiness LE_Glossiness 3 - point scale 2.00+0.47 1-3 2.13+0.45 1-3 1.97+0.35 1-3 0.40* 0.41* 0.49*
Leaf Size LE_Size 3 - point scale 4.74 +0.99 3-7 4.94+0.95 3-7 - - 0.59* - -
Leaf Mildew LE_Mildew 5 - point scale - - - - 0.34+0.76 0-4 - - -
Plant Height PL_Height cm 19.01 +£3.98 7.17 - 31.50 16.09 £ 3.77 6.40 - 27.83 14.38 £3.86 4-2350 0.63* 0.61* 0.60*
Plant Diameter PL_Diameter cm 33.22+8.35 11.50 - 60.67 28.60 +6.70 14.40 - 47.50 25.42 +5.63 14 - 38.00 0.65* 0.55* 0.59*
Runnering Time RU_Days d 223.99 £22.77 121 - 264 247.89 +22.81 202 - 303 256.17 + 29.68 175 - 303 0.67* 0.82* 0.71*
Runner Number RU_Num n° of runners 5.83+4.33 0-20 4.88 +3.60 0-19 3.14+2.68 0-12 0.72* 0.66* 0.71*
Runner Anthocyanins RU_Anthocyanins 5 - point scale 2.79+0.87 1-5 2.33+0.81 1-5 2.62+0.97 1-5 0.53* 0.78* 0.73*
Fruit Number FR_Num n® of fruits 15.14+6.10 4-32 9.03 £4.54 0-25 6.49 £ 3.36 0-14 0.60* 0.22* 0.15
Fruit Weight FR_Weight 9.33+5.29 0.67 - 23.44 8.04 +£4.55 0.83-27.11 - - 0.71* - -
Fruit Width of Band without achenes FR_WB 5 - point scale 3.28+1.07 1-9 3.12+1.01 1-9 2.84+£0.97 1-9 0.53* 0.61* 0.59*
Fruit External Color FR_EC 7 - point scale 4.67+0.93 1-7 4,76 £0.80 1-7 - - 0.64* - -
Fruit External Color: Lightness FR_L* black (0) - white (100) | 30.18 +3.89 23.30 - 50.19 30.95+3.86 23.23 - 52.38 - - 0.77* - -
Fruit External Color: red-green FR a* green (-a) - red (+a) 38.60 +=4.40 9.85 - 49.40 41.27+4.39 9.59 - 47.85 - - 0.78* - -
Fruit External Color: yellow-blue FR_b* blue (-b) - yelow (+b) | 20.89 +3.52 13.14 - 29.29 22.78 + 3.66 14.63 - 32.29 - - 0.57* - -
Fruit Internal Color: Flesh FR_ICF 6 - point scale 4.59+0.98 1-6 4.14+1.31 1-6 - - 0.44* - -
Fruit Internal Color: Core FR_ICC 3 - point scale 2.09+£0.54 1-3 2.01 £0.66 1-3 - - 0.36* - -
Fruit Firmness FR_Firmness g 17091 £54.21  100-303.13 | 197.27+67.24 101.25-340 | 211.36+50.48 127.5-324.38 0.87* 0.27* 0.20*
Fruit Acidity FR_Acidity gkg? 11.80+£2.50 4.70 - 19.50 11.30+£2.40 1.20-20.10 - - 0.68* - -
Fruit Soluble solids content (SSC) FR_Brix % 7.61 £1.58 4.93-11.80 8.09+1.13 5.87 - 10.90 - - 0.65* - -
Fruit Ascorbic Acid FR_AsA mg kg 473.2+116.6 161.1-834.9 | 478.6+126.3 208.7-812.5 - - 0.73* - -

Mufioz et al. (2024) Genome-wide association studies in a diverse strawberry collection unveil loci controlling agronomic and fruit quality traits. Plant Genome, 17, €20509.
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PCA of phenotypic data Value
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Modern accessions are characterized by larger plants with larger and firmer fruits but less sweet
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Marker-trait associations

Trait Significant SNPs  Significant QTL
PL_Diameter 2 2
RU_Anthocyanins 1 1
RU_Days 10 8
RU_Num 10 8
o . P LE CUS 4 4
« 121 significant marker-trait associations LE_Glossiness 1 1
: \ LE Mildew 1 1
detected In 19 of the 26 evaluated traits, FL RCP 10 3
. : . . FL_Diameter 1 1
distributed in 95 QTL, in the three seasons FR_Num 15 15
and with the four GWAS models (GLM, MLM, s : :
FR_L* 6 5
FarmCPU, BLINK). PR o s o
FR_b* 4 4
FR_EC 4 4
FR Acidity 2 2
FR_Brix 10 10
FR_Firmness 25 7
Total 121 95
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GENOME-WIDE ASSOCIATION STUDIES IN BERRY PROGRAMS:
FRUIT FIRMNESS

This haploblock is 891 kb long and
encloses 177 genes
5 candidate genes but only one
2020-2021 expressed: FaPG1

Six QTL detected for fruit firmness in 2020-2021

25

15

w
o
f T T T ]
1 1.5 2 25 3
Density
FarmCPU.FR_Firmness FarmCPU.FR_Firmness
o 0
7 &

- = o
S [ #-o---moo-- g £
g, ) 3
' g e g .

2 ol
| b el el b ol Tk

T T T T T 13
23 456 7 8 9 10 1112131415 16 1718 19 20 21 22 23 24 25 26 27 28 0 1 2 3 4
Expected -logy(p) "

Blink.FR_Firmness Blink.FR_Firmness 9

)
~logio(p)

~logya(p)
Observed -log(p)
PR

o fo \ o~ 4 y = '-V [ — :
: iE “ ‘ i & ﬁ / 1A 1B 1IC D 2A 48 4C 4D S5A 58
— ‘ ﬂ “ i ﬁ - SNP Chr Position P.value MAF H&B.P.Value Effec‘ PVE (%)
1 4 6

23456785 0ULBLGETBBNA 2 B %5 KT%H e o s AX-184210669 6A 28,017,174  6.19E-14 0.42 2.53E-09 43398, 43.97

Expected —logyo(p)
Chr. 6A




FaPG1 expression is downregulated in firmer fruits

HIGH FIRMNESS POOL

LOW FIRMNESS POOL

High_Firmness Pool Low-Firmness Pool
ACC ID Name Firmness (N)| ACC ID Name Firmness (N)

940 Sarito 2.973 251 Vicomtesse Hericart de Thury 0.981
733 Galexia 2.905 845 Strawberry 1800 0.981
732 Florida Festival 2,777 204 Macherauchs Spaternte 0.987
870 Florida Fortuna 2.758 836 Matine 0.987
868 Florida Elyana 2.734 837 Ampola 0.993
965 Sabrina 2.728 177 Hansa 0.999
480 Amiga 2.721 262 Marie France 1.011
986 Rabida 2.642 830 Kaiser 1.030
715 Candonga 2519 179 Josif Mahomet 1.036
839 Rubigen 2.489 311 Liberation D'Orleans 1.054
795 Sel. 1392 2.482 833 St. Ana 1.054
674 Chiflon 2.446 307 Mieze Schindler 1.060
953 Viva Patricia 2.409 320 Sieger 1.067
1016 Nazaret 2.329 213 Mara Des Bois 1.073

72 Camarosa 2.323 725 Missionary Hibrid 1.073

Firmness (N)
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Together with previous knockdown experiments (Garcia-Gago et al., 2009; Quesada et al., 2009;

Pose et al., 2013; Lopez-Casado et al., 2023), our results indicate that FaPG1 is the main

contributor to natural variation in strawberry fruit firmness.
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Firmness diagnostic marker
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GENOME-WIDE ASSOCIATION STUDIES IN BERRY PROGRAMS:
SUGAR CONTENT

1.3 Mb long
Chr_5B: 8349464-9659261
176 genes
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Quantification of sucrose, fructose and glucose

Javier Roldan
"
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In colaboration with Dr. José Manuel Moreno Rojas & Dr. José Luis Ordofiez Diaz (IFAPA Cérdoba. Spain)
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GWAS for sugar content
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Sugar content diagnostic markers

KASP SSC-5B SNP1
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KASP SSC-5B SNP1

KASP SSC-5B SNP2

KASP Sucrose-7B

KASP Firmness-6A
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GENOME-WIDE ASSOCIATION STUDIES IN BERRY PROGRAMS:
CAROTENOID CONTENT

Biotechnology Journal

] Blotechnology

Journal

( phytoene

Plant Biotechnalogy Journal (2025), pp. 1-13 doi: 10.1111/pbi. 14523

Do Differential expression of CCD4(4B) drives natural
variation in fruit carotenoid content in strawberry
(Fragaria spp.)

- Vitamin A
Al _al _al
Iraida Amaya"z'* , F. Javier Roldan-Guerra’, José L. Ordéﬁez-Dl’azE, Racio Torreblanca’, Henning Wagnsr“'s,

A" Sa MIEEY Veronika Waurich®®, Klaus Olbricht*, José M. Moreno-Rojas®, José F. Sanchez-Sevilla'? and Cristina Castillejo’*

sk
B-carotene a-carotene
* * *  kk

[-carotene

*
e CYPQ‘TA/ \?vac 515 ]
g _
(=
Macular pigments protect the retina 5 5 . I a
zeinoxanthin a-cryptoxanthin = 2
Hi10 A
' 90% Lutein g 5
cvmn& ‘/CYPQTA 2 s
Zeaxantin 2 5
k] S
. [} c
. Meso-Zeaxantin lutein 505 8
@ h)
N <)
= =
VDE ] g
Macular pigments © S
absorb violet-blue ligth lutein epoxide 004== L L —
and act as antioxidants N N © N © ™
M b4 -3 338888
o w [T w [T w w w w [T
--- E‘ ¢ E 9 9 E EE Q QC ‘
Tl F F F F FF G J G
UV blocked by
cornea & lens Fleshcolor @ O O O O O O ® 0 @

@ Yellow flesh O White flesh

03.04.2025



Br*eedmg

Valu
GWAS FOR CAROTENOID CONTENT

Carotenoids quantification-GWAS

In colaboration with Dr. J.M.Moreno Rojas & Dr. J.L.Ordofiez Diaz (IFAPA Cordoba. Spain)
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