The REAL Origin of the Apple

“Genetic Treasures from Apple’s Ancestral Home”

Phil Forsline, Horticulturist and Retired Fruit Crops

Curator, USDA-ARS, Plant Genetic Resources Unit
(PGRU), Cornell University, Geneva, NY
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Presenter
Presentation Notes
Dr. Herb Aldwinckle is included as co-author since he made the first trip to Kazakhstan in 1989.  In addition he has evaluated all the wild apple seedlings that we have germinated for apple scab, fire blight and cedar apple rust resistance.  These are photos of Kazakh forests, some taken from a helicopter in 1993.


Plant Genetic Resources Unit (PGRU)
located at Cornell University,
Geneva, New York

Cornell S New York State Agrlc Expt. " USDA Plant Genetic Resources Unit -
Station Established in 1882 Office, Lab, Greenhouse Facility



Presenter
Presentation Notes
The New York State Agricultural Experiment Station (Geneva campus of Cornell University) is located in the northwest side of Geneva, New York.  Geneva is a city of 15,000 residents situated on the North en of Seneca Lake.  PGRU is located on the Geneva campus 


National Germplasm Repositories

Why do we have Gene Banks (Germplasm
Repositories)? To prevent Genetic Erosion & Genetic
Vulnerablllty Solution: Genetic Diversity
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Presentation Notes
USDA, ARS Plant Genetic Resources Unit (PGRU) is part of the network of germplasm collections throughout the United States.  Most are located on University campuses in collaborative research projects with State scientists.  Other fruit germplasm collections are those noted on the map as “Clonal Germplasm Repositories”.  Headquarters for the National Plant Germplasm System are in Beltsville, MD.  Back-ups for all germplasm collections are held in Fort Collins, CO.  This includes most of the apple collection that is cryopreserved in liquid nitrogen.









USDA-ARS, Geneva, NY Is composed of:
Total staff of 40+

A) Plant Genetic Resources Unit — A unit of the National Plant
Germplasm System
- Three Research/Service Projects (6 scientists)

1) Conservation and utilization of the genetic resources of
apples, grapes and tart cherries

2) Conservation & utilization of germplasm of selected
vegetable crops.

3) Development of pest, disease resistance, and stress
tolerance in apple rootstocks

B) Grape Genetic Research Unit
- Two Research Projects (5 scientists)

1) Genetics and genomics of grape growth, development,
and quality

2) Genetics and genomics of grape-pathogen interactions



Presenter
Presentation Notes
Federal program in Geneva includes 5 distinct projects.  This talk highlights the apple collection in A)-1). Many of you are aware of the project from your visit in 2009; in addition you learned about A)-3) which is the apple rootstock breeding project coordinated by Dr. Gennaro Fazio.


PGRU 50 Acre Farm Development
1985 2007
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Presentation Notes
The Clonal Repository in Geneva, New York was initiated in 1984 when I was hired as curator for the apple and grape collection.  We rent a 50 acre (20 hectare) farm from Cornell University.  Farm as it appeared in 1985 and 22 yrs later.  Vegetable germplasm farm now adjacent to fruit collection.


Vegetatively-propagated germplasm (1,2,3) collections at
PGRU - fall colors, October 2006 ‘Clonal Repository’

Prunus - Sour Cherry - 120 accessions | Vitis - Grape - 1164 clonal accessions (own rooted)

40 seedlots from wild and 275 wild Vitis seedlings

Apple trees originating from seed

Malus - Apple - 8500 accessions total - 2700 gt e L = | ,
clones (grafted varieties) and wild seed lots as 3300 wild Malus seedlings from 360 populations: Kazakhstan,

well as wild seedlings and hybrid seedlings Russia, China, Turkey, Armenia, Georgia & Germany
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Presentation Notes
Fruit crop germplasm is conserved primarily under field maintenance.
The  Prunus collection includes only the tetraploid cherries – these are the sour cherries – mostly Prunus cerasus.  Sweet cherries (Prunus avium) are in Davis, CA
The grape collection held as clones propagated by cuttings (own-rooted) – consists of mostly cold hardy N. American species and hybrids. V. vinifera collection in Davis, CA
 The apple collection grafted to EMLA 7 and wild seedlings originate directly from seed and are maintained as own-rooted tress

    maintained as grafted trees on a clonally-propagated rootstock.
The Vitis collection includes 23 species, primarily of North American
    origin as well as numerous hybrids.
The Malus collection is maintained as grafted trees on a semi dwarf 
    rootstock.  Seedlings of wild species are grown as own-rooted.


Digital imaging of fruit samples — ioaded to ‘GRIN web site:

http:/lwww.ars-grin.gov/npgs/searchgrin.html
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Presenter
Presentation Notes
Morphological characterization is a major objective. 
Records are maintained at http://www.ars-grin.gov/npgs/  This is the Germplasm Resources Information Network (GRIN)
Multiple descriptors are used.
Digital images are in progress for fruit samples.
Digital images of other organs will also be done.



Acquisition, Maintenance and

Distribution of Apple Collection
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Presentation Notes
Establishment history of the collection


Apple (Malus) collection at Plant Genetic
Resources Unit Geneva, NY, U.S.A.

Consisting of:
- 2700 clones (varieties) - all maintained as duplicate field plantings

- 1500 accessions of wild Malus species (stored as seed) from world
centers of origin; 977 of wild acc. are Malus sieversii from Central Asia

- 3300 seedlings under evaluation from 360 of wild apple seed packets

- 1335 seedlings (hybrid populations — ‘Gala’ x Malus sieversSii)

= A total of approximately 8500 accessions
- detailed records of all on ‘GRIN’ web site



Presenter
Presentation Notes
Established cumulatively from 1984 to present.  Geneva chosen as the site for the apple collection since climate near the Great Lakes is ideal and because a large collection had already been established by the long line of apple breeders form the establishment of Cornell’s Agricultural Experiment Station (1882-present)


Diversity in Malus

ErIy :
leaf fall
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Presentation Notes
Tremendous genotypic and phenotypic diversity in Malus.  Largest, most diverse collection of Malus in the world is held in Geneva, NY


PGRU field collection in 2005

Wild apples
grown from seed
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Presentation Notes
Note that trees here are 2m apart. Every other tree removed after 5 yrs growth


Cryopreservation of Malus
A back up collection at $1.50/accession/yr!

Collection maintained in liquid nitrogen Processing 1 inch bud segments

tanks in Ft. Collins, CO (National Center &
for Genetic Resources Preservation)

Hundreds of seedlings budded with

Recovery of accéssions by cryopreserved bus testing viability

bud grafting

Liquid nitrogen (-196 °C) tank l
- at PGRU Geneva, NY
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Presentation Notes
Cryogenic storage using the dormant bud technique with 30 mm stem segments desiccated to 30% moisture.  90% of the collection now backed up in storage.  Earliest were processed over 20 years ago.  Regular assaying by bud grafting has shown no decline in viability.  


New Acquisitions

From Alma Ata, Kazakhstan

- Alma Ata = ‘Father of the Apple’
Renamed ‘Almaty’ after fall of USSR

To Geneva, New York
- Geneva = ‘Mother of the Apple’



Presenter
Presentation Notes
After establishing a large group of elite accessions in the early years (1984-1989) from Cornell and other worldwide institutes, it was time to travel to the ‘Center of Origin’ for apple to make collections.  Most genetic diversity for a crop like apple can be found in its wild relatives.
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Presentation Notes
Apple’s origin here in a 1970 version of ‘Centers of Origin’ is shown in the Caucasus region.  New research which includes that previously stated by Nicoli Vavilov has determined that Central Asia and Western China is the precise Center of origin for the ancestor of the commercial apple (Malus sieversii)


The Origin of the Cultivated Apple
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Presenter
Presentation Notes
Approximate 8 million year evolutionary history of the origin of the commercial apple. After bird dissemination from South China, bears and other forest dwellers through ‘natural selection’ have given us apples that are ancestors of M. x domestica. Grafting developed 4000 years ago allowed the maintenance of superior types.  Now commercial apples have developed as chance seedlings and man-made hybrids from European and North American stocks.  Dr. Juniper is from Oxford University and has published  regarding the evolutionary development of commercial apples. Johnny Appleseed is the legendary John Chapman of North America (a popular story in children’s books, but the story adds much to the genetic background of apples on the world market).


‘The Story of the Apple’

Recent book (2006) by ‘Juniper’ & ‘Mabberly’ from Oxford University

-Taxonomists in U.S. use Malus x domestica to represent
commercial apples and Malus sieversii to represent the wild
apples of Central Asia.

- Taxonomists in England, e.g. ‘Juniper’ use Malus pumila to
represent both commercial apples and the wild apples of
Central Asia.

- Juniper’s book with references from work of many world-
wide scientists shows convincing evidence that the wild
apple of Central Asia is ‘the’ ancestor of commercial apples.




Germplasm collections to add mostly wild Malus
species to the PGRU collection

Year

Country

Species

Personnel

1987 —
1988

Western U.S. & Canada
Eastern U.S. & Canada

China (Sichuan)

Malus fusca, M. ioensis, M.
coronaria & M. angustifolia

Malus species (7 endemic to
Sichuan)

Weeden, Dickson

Forsline, Aldwinckle.
Benson, Geibel

Russia & Germany

Malus orientalis & M. sylvestris

Forsline, lezzoni, Karle,
Fischer, Geibel

Turkey, Armenia,
Georgia

Malus orientalis

Forsline, Aldwinckle,
Postman, Hannan



Presenter
Presentation Notes
Wild apple germplasm added to the Geneva Repository over ~ 20 year period.  Many species have been collected.  The emphasis in research (genotyping, phenotyping, genomics, etc) is now mainly on the ancestor (M. sieversii) of commercial apples. 
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Presenter
Presentation Notes
Collection sites for M. sieversii visited in Central Asia in collection years 1989, 1993, 1995, 1996.  Latitude range from 380 N to 470N and longitude 690 E  to 810 E.  Collections in Tajikistan, Uzbekistan, Kyrgyzstan and 6 mountain ranges in Kazakhstan.  Sites 6, 11, and 12 are extremely xeric areas.


Collection team for 1989 Central Asian expedition

to Uzbekistan, Tajikistan and Kazakhstan (site 3)

RUSSIA

KAZAKHSTAN

Caspian

- L= Professor Herb Aldwinckle,
FPGHANBEAN T e Cornell University

Prof. Djangaliev—2005; He was Elizabeth Dickson, s _
77 yrs old when first met in Cornell grad student B Uzbekistan
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Presentation Notes
Herb Aldwinckle who is Chair of the Apple Crop Germplasm Committee led the first trip.  He and his team met our host (Prof. Djangaliev) for the first time.  


Professor Djangaliev

Visit to

Gen_eva: In Kazakhstan
making plans, 3 first morning,
Oct. }992 Sept. 1993 -
?;&Eq,,f;% y ready to leave
o o=y ~ to board
Collection

. helicopter
admlratlon 1995 :

LocaI Kazak media hlghllghtlng 1995
American & S. African visitors
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Presentation Notes
Prof. Djangaliev was critical to our connection to the various sites in Kazakhstan.  He was a devoted scientist to the study of the apple following on the heels of N. Vavilov.  I have a one hour draft documentary for you to view produced by the French media company (Seppia) that tells much of this story….for those who want to stay longer.


1993 collection team: USA & New Zealand

Noiton —
N. Zealand

Transfer in Moscow — hotel and visit to Red Square EN!!!E

Significant travel by
helicopter to remote
collection sites

Djangaliev

11 "é ‘AT
L . B

Team in Alma Ata with Kazakh hosts

Moscow to Alma Ata via ‘Aeroflot’
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Presentation Notes
Following Prof. Djangaliev’ visit to Geneva with the Apple Crop Germplasm Committee, I led the next expedition in fall 1993.  Collection this year was limited in seed quantity because of severe spring frost in the apple forests visited


1995 USA and S. African collection team
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Presentation Notes
Collection of seeds and scions of elite types was very productive this year with nearly 90% of the trees in the forests being fruitful
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Presenter
Presentation Notes
We followed the collection in 1995 just one year later.  This too, was a very productive trip and we were able to visit some sites (10, 11, 12) . that we had not been to previously
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Presenter
Presentation Notes
Another review of the 12 sites that were accessed


Kazakhstan site 3: ‘89,°93.,°95.°96

Studies by Professor
A. Djangaliev

RUSSIA

Habitat
1940

KAZAKHSTAN

Djungarsky—(
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Habitat

Fruit from 30 randomly-collected trees

R T
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Presenter
Presentation Notes
About 7 forest areas within this site were visited each of the 4 years that we traveled there.  It is near the large city of Almaty and human encroachment is diminishing many of the forests. 


Kazakhstan site 4. ‘93,'95,'9

Luby using
GPS - 1995
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Presenter
Presentation Notes
This site was first accessed by helicopter in 1993 and was visited each of the 3 years listed.   We noticed that apple scab was common in this area. Many trees were free of scab which indicates the co-evolution of the organism (Venturia inaequalis) and the apple trees would result in resistant trees through ‘natural selection’.


Kazakhstan site 5: '93,'95,°96

RUSSIA

KAZAKHSTAN

TURKMENIST

d -:a-

First coIIectlon mornlng (Sept 1993) startlng
out at 1200 m with hike to 1800 m

"300 yr old tree



Presenter
Presentation Notes
This site nearby site 4 was also accessed in 3 separate years.  Note the photo of the forest from the helicopter.  Very large trees in this area and strong evidence of bears that continue ‘natural selection’ by spreading apple seeds. 


Life in forestry camp at site # 5 after arrival by helicopter
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Kaahtan site 6: ‘93 & ‘95

RUSSIA

§ Camp at 600 m:
B ZAELSTN g headquarters

Fruit from 30
randomly-
collected
trees at 900 m

Desert
habitat

= M. sieversii
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Presentation Notes
This was the first of the xeric sites that we accessed and visited in 2 separate years.  Two distinctly different populations (note photo) were accessed – here very diverse fruit that was not abscising was collected in the dry plateau 300 m above the spring-fed stream.  We also collected populations along the stream; all of that fruit was well past ripeness and abscised.  


Kyrgyzstan site 7: 1993

RUSSIA

walnut

KAZAKHSTAN

TURKMENIST:

vl

Village in
Kyrgyzstan
near

collection
sites

Apple and

forests as
seen from
helicopter
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Presentation Notes
This site was accessed for only one day as we flew in by helicopter.  A major center of origin for Walnut (Juglans) also.  Grazing animals encroaching forested areas.


Kazakhstan site 9: ‘95 & ‘96

zed areas — M. sieversii
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Presentation Notes
This site was first accessed in 1995.  It was much different from some of the others based on the fact that the forests did not have large trees.  It appears that from time to time there may have been periodic fires that destroyed trees and the forests renewed.  It was the first site we visited in 1995.  After a disappointing 1993 when fruiting in other forests was sparse, we noticed very prolific fruiting and the quality/appearance of fruit from many of the trees was excellent as pictured.  It was apparent that this forest was in severe decline because of encroaching, grazing animals.  There is much interest in this material also since it has evolved in a very cold northern latitude.
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Presentation Notes
Appearance of the fruit from site 9  shown here also.  Characterizing and photographing specimens


Kazakhstan site 10: 1996

Breakdowns —a common occurrence

RUSSIA

KAZAKHSTAN

TURKMENISTAN \_

Red-flesh
apple

€ . . » b L
Fruit from 20 randomly-collected trees
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Presentation Notes
This site was accessed only one year (1996) within sight of the Chinese border with Uygur tribes from Western China inhabiting that area.  The Russian taxonomy designates Malus niedzwetzkyana (red fleshed apple) that we located there as a separate species.  We now designate this as a mutant form of M. sieversii.  The Central Asian forests are the only source of red-fleshed apples. That trait is now garnering much interest for breeders worldwide.
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Presentation Notes
Site 11 was also accessed only in 1996.  Terrain is very similar to that in site 6 that we visited in 1993 & 1995.  Some very high quality specimens were collected there as noted in photo.


Kazakhstan site 12: 1996

RUSSIA N

‘ ;Canyon 400 m
. |deep w/ M. sieversii
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Presenter
Presentation Notes
This site also visited only in 1996 would be very interesting to access again.  It is a Kazakh National park “Aksu Jabagli” ( a deep canyon) with apples growing prominently on the North facing wall of the deep canyon.  We had only 1.5 hrs there and we able to collect only near the river.  We found some excellent specimens in the short time we were there.  This site had the highest amount of conical-shaped apples.


——

150, OOO Wl|d apple seeds collected over 4
expedltlons seed storage at 180C (OO F)
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Storage protocol both at Fort Collins and PGRU


THE

BOTANY

Since the wild apple’s survival in the
wild was now in doubt, Forsline
collected hundreds of thousands of
seeds, planted as many as he had
space for in Geneva and then offered
the rest to researchers and breeders
around the world. He said “I'll send
seeds to anybody who asks, just so
long as they promise to plant them,
tend to the trees, and then report back
someday”. The wild apples had found
their Johnny Appleseed




Grow-out and evaluation of wild apple seedlings
centered at PGRU with collaborative plantings In:

Minnesota, New Jersey, Colorado, Washington, Ohio,
Wisconsin, lllinois, Manitoba, Nova Scotia, British Columbia,
South Africa, New Zealand, Italy, Norway, Germany,
Switzerland, Denmark, and Lithuania

Plantings at PGRU are being studied by scientists from:

Belgium, Michigan State University, Cornell University, Washington
State University, Ohio State University, and USDA-ARS locations
(Kearneysville, WV, Geneva, NY, and Fort Collins, CO)
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Presentation Notes
Network of genotyping and phenotyping currently in progress with seedlings and grafted M. sieversii accessions


1600 M. sieversii seedlings (planted 1997 &1998)
were grown out at University of Minnesota

Sep. 7, 2005 & | '~'f._i':-

85 seedlings
selected, grafted
and now part of
the permanent
PGRU collection

i) 93-25-%
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Presentation Notes
Seedlings from 1995 & 1996 collections were planted at the University of Minnesota in 1997 and 1998 – they were screened for apple scab and fire blight resistance and phenotyped for horticultural traits by Dr. Luby (Minnesota Apple breeder) and me 2004-2006.  Prior to removing this collection of own-rooted seedlings, a large proportion of the 85 selected and grafted to maintain in the PGRU main collection were resistant to apple scab as well as fire blight.  


M. sieversii seedling grow outs In
Germany, New Zealand & Switzerland

A e
: gty
e e e Forsline, Kellerhals and
New Zealand, Oct. 2001 Gersbach: Switzerland, 2010
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Presentation Notes
I was able to visit the collections in Germany and New Zealand.
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Presenter
Presentation Notes
Two major types of apple scab resistant reactions were noted


Apple scab resistance of Malus
sieversii populations from Central Asia

H. Aldwinckle, P. Forsline, H. Gustafson and S. Hokanson
Kazakhstan Site No.  # of Seedlings Inoculated % Resistant

405 50
705 37
1224 A
1325 28
383 25
101 24
244 23
460 17
133 14
123 §)

21 5

el =
RPONWRNNOOOD

Totals > 0124 28
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Presentation Notes
There was large variation in the amount of resistance based on the site origin.  We found the greatest resistance in site 4 (the site where we had seen the most evidence of disease).  This could be evidence of natural selection for resistance based on co-evolution.  PGRU maintains 1600 0f the seedlings, the rest were sent to collaborators.


Horticultural Evaluations
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Presentation Notes
Phenotyping also has been done to determine superior horticultural quality traits


Wild Malus sieversii clones and seedlings iIn
grow- -out plantlngs

P1 613972 clone
in bloom

FrU|t from half-sib seedllngs of }
some of the M. sieversii clones

13 dlfferent M. S|eversu‘ Ellte clones
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An early view of fruit from 3-5yr old trees of grafted elite M. sieversii as well as that from seedlings


Elite clone (P1613976) and progeny (3 half-sibs)
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Presentation Notes
Digital images on GRIN for accessions that have fruited.  Here shows a photo of fruit from a ‘mother clone’ and 3 of its progeny which are half-sibs of each other.  Mother clone and its seeds were collected directly in Kazakhstan


M. sieversii clonal ‘Elites’ fruiting in Geneva in 2008 & 2009
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Two of the M. sieversii elites grafted to EMLA 7 with excellent quality and appearance
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Presenter
Presentation Notes
Excellent appearance of some of the M. sieversii seedlings that are fruiting




Presenter
Presentation Notes
Photo of 15-year old M. sieversii seedlings taken September, 2010 in Geneva, NY
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Presenter
Presentation Notes
Six commercial cultivars (left) which are chance seedlings of the North American gene pool;  6 hybrids (right) that are mostly derived form the commercial types.  Note the similar appearance of M. sieversii in the background to any of the commercial varieties!!!


Process to breed apples: ‘sex life of apples’

- 1) Emasculate (remove male parts)
Crosses that | made of flower of maternal parent at

In May 2002 in order pre-bloom stage leaving only
to evaluate hybrids - female parts (pistils and ovaries):

of ‘Gala’ X M. sieversii

Bees are no longer attracted,
disseminating random pollen
because petals are also removed

2) Note on this branch the multiple flowers that 3) When all the flowers have been emasculated,
now have only female parts (pistils) remaining rub pollen from paternal parent onto the pistils

-
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Other Recent Collections
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Presentation Notes
Other Malus species from Caucasus region and Sichuan China


Malus sp. collections in Sichuan, China; 1997
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Presenter
Presentation Notes
Examples of 4 of 7 Malus species collected and sites accessed.  All sites west of Chengdu are in the very mountainous Tibetan plateau that extends into that part of Sichuan.  Exact locality of major earthquake of spring 2007.  Site 7 is one of the sites of M. hupehensis which is an apomictic stand of that species.


Chinese Malus species screened for diseases in greenhouse: Now
fileld-grown as orchards in Geneva for horticultural evaluation
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Presentation Notes
Note the unique morphological character of these species.  Also note the prominent thorniness of juvenile specimens.  Thorniness is ‘natural selection’ to fend of grazing animals prior to reaching  fruiting (reproductive stage)


28 accessions
6500 seeds

Malus orientalis In Russian Caucasus

, 1998
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Two sites over 3 days in the Russian Caucasus region in 1998.  Trip was mainly to visit Institutes in St. Petersburg, Orel, Michurinsk and Krymsk to collect elite sour cherry and interspecific Prunus hybrids.  Joined o the expedition by Dr. Manfred Fischer of Dresden and visited Professor Ponomarenko at the Vavilov Institute in St. Petersburg.


Malus orientalis in Turkey; 1999

Apple Collection Expedition to Turkey
September 1999
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Collections of this species also made in Turkey from 6 areas in the mountainous region south of the Black Sea along with some local Turkish cultivars.  Most of the M. orientalis has been depleted by local populations.  Material collected appears to have introgression from local cultivars.  


Field grow-out in Geneva of Malus orientalis

collected near Black Sea in Russia & Turkey
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Character of M. orientalis which has very little diversity in fruit (not high quality as in M. sieversii) but tress have similar morphology to M. x domestica and M. sieversii.  Possible that this species may have some lineage in M. X domestica


Documentary completed:

On September 17-19, 2007 Kikim Media, Menlo Park, CA filmed a documentary at
Plant Genetic Resources Unit (PGRU) in Geneva, NY. The documentary is
centered around the recently-published book, "The Botany of Desire: A Plant's-
Eve View of the World" by Michael Pollan. The first chapter of the book describes

man's relationship to apples.

The documentary aired on PBS October 28, 2009 (DVD available from PBS web
site); can also be seen as awebcast on OPB
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I have a DVD of this documentary for those who would like to view it on the projected screen.  The apple section is 27 minutes 
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Photo of the main collections as taken by documentary photographers in September 2007


Wild apple seedling orchards at PGRU — September 2007
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Over 3000 wild apple seedlings maintained and phenotyped  at PGRU  all seedlings have been genotyped by staff at Fort Collins, CO.  Photo taken by documentary staff


, The joys of tasting diverse apples!!!
: / r
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Aldwinckle and Forsline being filmed for the documentary – showing that most accessions of M. sieversii have a very astringent taste. 


Searching Databases in GRIN
(Germplasm Resources Information Network)

http://www.ars-grin.gov/

The Future - Expanded apple genetic resources
available with emerging technologies (Genomics,
Bioinformatics, etc.) for aﬁple Improvement
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Resources for the past, present and future of studies in apple genetics and breeding.
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- Invited talks given Internationally (Denmark, Belgium and
Switzerland)

- Invited talks at botanic gardens, churches, amateur
horticultural groups and service groups

- Moved to Oregon in December, 2011

- Joined “Home Orchard Society” of Oregon

- Continue membership with committees joining in regular
conference calls

- Staying in touch with collaborators by phone and e-mail (i.e.
‘Botany of Desire’ seed requests) and co-authoring additional
publications

- Continuing collaboration with scientists at Washington
State University (Pullman and Wenatchee) where orchards
of wild apple trees from seeds that | collected are being
evaluated
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