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TAKE HOME MESSAGE

To Facilitate Utilization of Tree Fruit Genebanks:

1. Think-lhke a-curator
->Think like a breeder

2. Staticcollections-
—->Segregating descendant populatlons

3. beseriptors

—>Comprehensive and standardized
performance information

4. Bhenotypes

—->Performance-predictive DNA information




WHO IS THIS GUY?

Asst Prof WASHINGTON STATE
: - NIVERSITY
Tree Fruit Genetics @V

World Class. Face to Face.

College of Agricult ot AT
Hortic o 5

Chair, Prunus CGC
Member, Apple CGC

USDA United Statas Departmsant OF Agricultung
‘35"" Agricultural Research Service

National Plant Germplasm System

Co-Project Director
MAB Pipeline Team L

eader
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— +» Comprehensive & Standardized
- “Performance Information |

s Performance-Predictive DNA Information

*» Genebanks as Conduits to Utilization
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Value of Genebanks
to Crop Improvement

Mnyugﬁz, PR ‘




Value of Genebanks
to Crop Improvement

Security Ultimate source
of crop of useful alleles,
production less protected

Utilization is rare
)r tree frui

Output is basis of
crop production



Value of Genebanks
to Crop Improvement

 Allelic diversity is not useful If not used

* Primary users for crop improvement
= BREEDERS

* Encourage utilization by breeders!






Think Like a Breeder

Select seedlings P

Release commercially



Think Like a Breeder

Cultivars and selections



Ink Like a Breeder

QOQ

| can’t see any
value in that!




Think Like a Breeder

Q | /Do | need that trait?
o, |

QK Evenif | wantit, it's a
lot of work to chip.it
out and polish it up!




Think Like a Breeder

QQ\)K Much better! | can

Incorporate that!



Think Like a Breeder




Think Like a Breeder
° ‘ Select parents

Genebank accessions ,, Cultivars and selections

DERE o




Think Like a Breeder
Q Select parents @

Genebank accessions ,, Cultivars and selections

DA
00




Think Like a Breeder

* To support “Use as parent/Ignore” decisions
(and encourage “Use”), need to get into

breeders’ heads!
. a

What are the\

actual allele effects?

IS it dominant?
Recessive? Additive?
Is there pleiotropy with
other traits? Linkage?

. Those genebank
accessions could
be useful, but...




Think Like a Breeder

* Phenotype Is an incomplete predictor of
underlying genetics

s )

S

v . ‘ ;_}Ev 4\.’;‘ MID SWEETN ESS,
ZE

cold
summer

ripens early
when cold

9,_%. s
# & SWEET SOMETIMES,
% V. HIGH YIELD

sweetens
slightly if
picked early




Think Like a Breeder

* Phenotype Is an incomplete predictor of
underlying genetics

Contributors to variation
among trees

cold
summer

ripens early
when cold

sweetens
slightly if
picked early




Think Like a Breeder

Breeders’
optimal view
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Breeders’
optimal view




Think Like a Breeder

Breeders’
optimal view

ey =

Putting the jewels
together...

i

PRe TR 10K

NIRRT

d




Think Like a Breeder

Breeders’
optimal view

ey =

Putting the jewels
together...
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proVi* Segregatmg
Descendant Germplasm




Provide Segregating Descendant Germplasm

1. Marker-trait association approaches require
enough contrasting individuals for statistical
power

e.g. Red flesh and the MYB10 gene in apple

OF mapping population: 516 seedlings

«;:,& E'; } ONPGS genebank: >50 accessions (>30 red)

lesh allele dominant)
Plant & FOod RESEARCH | 4


http://www.plantandfood.co.nz/

Provide Segregating Descendant Germplasm

2. Cryptic alleles — not detected by phenotype

If favorable allele is recessive or epistatic, then
- hot detected, or
- mistaken for dominance or additive effect

Typical ~ Wild forest e g. Fruit size in sweet cherry
cultivar cherry

QTL study found a tiny-fruited wild
cherry accession contains common
large-fruit allele at major locus



Provide Segregating Descendant Germplasm

3. Wild germplasm, even if carrying wonderful
alleles, Is far from being cultivar-producing

parents. How can breeders rapidly respond??
e.g. Malus floribunda-derived disease resistance in apple

— Red Rome
- NJ12 o Scab-resistant
A modern cultivar — Melba ) )
NJ 37848 — Golden Delicious W|Id rela’“ve
NJ 14 -
'— Edgewood d P4 wr
— PCFW2-134 - i e
— Golden Delicious N J :
NJ 19237 - N
NJ 440249 — Edgewood \,‘ ~
. . \ v e
CrimsonCrisp™ — Red Rome L 73
Coop 39 NJ 35437 e ‘&_ N
— Jonathan el ‘
Crandal "’ ‘
— PRI 689-205*|: Golden Delicious [ ;
PRI 14-226{ 9433-2-2 Rome Beauty
Fo 26829-2-2*|:
9433-2-8 Malus floribunda 821

tan Purdue University
n

, " First cross
ar utgers University
UniversityofIllinois made <194O



Provide Segregating Descendant Germplasm
— =

SOLUTION

Genebanks need to have, or else
energetically facilitate, availabllity of
descendant segregating germplasm

Useful alleles
easier to find

- Enough contrasting individuals}

> Reveal cryptic alleles
Useful alleles

easler to extract

- Closer to elite



Provide Segregating Descendant Germplasm

* RosBREED's reference |

germplasm set of apple \ .-
merges breeding & NPGS

NPGS accessions
135|cultivars (breeding progs)

sl seedlings (breeding progs)

« NPGS accessions =
ancestors. Allow joining of
many populations in stats
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Coﬁwprehenswe & Standardlzed
Performance Informatlon



Provide Comprehensive & Standardized
Performance Information

Firmness
: : — Instr, Sens
* Phenotypic evaluation: o
: rispness
performance, not descriptors | e o
w Juiciness
acute apex _ Sens
At harvest Harvest date
o 7 Maturity
Storage 10w+ Fruit size
Storage 20w+7d . Sweetness
A Acidity
Internal

- Relevant to breeding ethylene conc



Provide Comprehensive & Standardized
Performance Information

« EXxcellent quality phenotypic information
(and available in GRIN) is critical
- Reduces unpredictable components of

performance
Contributors to variation among trees
50(\ '\\]e‘)
1n0\e 2 cener™
. :
ot Jave XE

...needed by resear S to develop excellent
guality genetic tests for performance



Provide Comprehensive & Standardized
Performance Information

« Standardized phenotyping for Rosaceae
(led by Gayle Volk, USDA-ARS Fort Collins)

Eight Guiding Principles for Phenotyping

ﬂ Commercial relevance
@ Heritability & Precision (Genetic relevance)
3 Redundancy avoidance

Availability of expertise & instruments

5 Throughput

Personnel fatigue

7 Cost & Cost-efficiency

8 Standardization

First presented
at ASHS
July 2009



Provide Comprehensive & Standardized
Performance Information

¢ PI’OtOCO|S Free Stone continued

www.rosbreed.org/resources/
fruit-evaluation/

Fru1t Maturlty and Harvest

¥ <y 1o UL o Cangss it ndoae =e'.*' 41 mELELen — CNENgEs N Cataground S0
3*;—: a*:g”\ ow) and brightaning In rad Diush CoKr devalopman

. When 2 es 10045 B2 it may oe raady ™2 firsthar samping, saeq1 1-2 Win 2 most advancad
"‘5’ 5"’-33 E 3nd Conduct 3stan "-DJ"-'.ES l'rfcra'ratum) Inalcatcxcfspl.r on the 1-3 Com=l
55'1‘."51 5 ool 5 5 59 5'

> 1525 on aa mar N ;:attem cnan aa 3ga 9r| namaﬂng gc oate T q.,-.-ae*. f:

D""" 3 narvest, and is 3 good imarmadiaiz rang:2 o D2 00 ’”“"!‘4‘& Or Qver-
manr
Ratingof 5 Rating of 1
. iz 521 indcazs onsst of ""3‘ r3ton :> 3 ViSUIly 2va 3‘ 2 ramaining fruft on 2 trea for hair range in
"‘3'.:"” " ~53 ofthe i 3 3 nan !‘ ra" ap '\-3 5 ’>.,;"_. MU mE SPkEsEd YU 8 2
zamp2 of 13-20 “..‘.EE-‘::‘.'-: =31 5-5' Correct hary 3‘..;'2\ 1"'.;‘. s minmum 10 cover 3
N3 3‘3 813325 (5 rut 3.,3'3 msas), an 3 3 i1 pron 3— ome Sacty nC3s2 of fruit rot in sorage

Crop Germplasm Committees:
trait priorities -> + protocols?

Enabllng marker- aSS|sted breedmg in Rosaceae www rosbreed.org W
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Provide Performance-Predictive
DNA Information

3 ¥y e

Breeders’ optimal view

* Research required
to develop genetic
tests that provide
functional genotypes
for valuable traits

A O i,



Provide Performance-Predictive
DNA Information

« Target appropriate traits

OSD

Enabling marker-assisted breeding in Rosaceae = www.rosbreed.org "



Provide Performance-Predictive
DNA Information

* Need excellent quality phenotypic data

Firmness

— Instr, Sens
Crispness
— Instr, Sens

At harvest Juiciness

— Sens
Harvest date

Maturity

Y
Storage 10w+ﬁ‘“

Storage 20w+7d ‘ Fruit size

X Sweetness
Acidity
Internal
ethylene conc

\

Multiple harvests

> Multiple locations
Multiple years

Multiple tree reps

/



Provide Performance-Predictive
DNA Information

Need efficient DNA technologies




Provide Performance-Predictive
DNA Information

* Need appropriate germplasm

- Segregating descendant germplasm

o Associations are discovered and
characterized in training set(s)

o Then extrapolated to the rest of the
crop — breeding material, repositories,
wild populations



Provide Performance-Predictive
DNA Information

* Ajewel for sweet cherry

Some functional genotypes (haplotypes) in cultivars

marker 1 allele 255
Elffect Large
©n {fruit So
marker 2 allele 00
single source common common

- Using already in breeding

- Screening Davis Repository cherries
wlsill\mll\m o further sources of the good haplotype?
oo NEW useful haplotypes?
US% w0 tag bad haplotypes (avoid in introgression)




Provide Performance-Predictive
DNA Information

lace this

-

MID SWEETNESS (11.5-13.4 °Brix)
LARGE SIZE (140-180 g)

5

AL U

[r——

(6.7-9.0 °Brix) |
SMALL (45-68 )

SWEET SOMETIMES (8.4-14 °Brix)
V. HIGH YIE 31 g)

L 5 .-






The Current System

Ultimate source
of useful alleles,
less protected

Security
of crop
production

Output is basis of
crop production



4. Provide
performance-predictive
DNA information

_ 3. Provide
ting comprehensive
tons > & standardized
o L- Sy performance
1. Think like & - information

a breeder



Genebanks as Conduits
to Utilization

Ultimate source
of useful alleles
Safeguarded source

of useful alleles

Training sets for
genetic test development

basis of crop & p ¥ Allele providers for
‘ breeding



Genebanks as Conduits
to Utilization

REPOSITORY

f i - WILD POPULATIONS -

BREEDING

SEGREGATING
DESCENDANT
- GERMPLASM




