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Thes cistrioution map, showng the natural distnoution area of Malus syivesing, was compled by members of the EUFORGEN Networks based on an earlier maps pubtished oy
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(i) Wagner, 1, 1805; |dentifikaten von Wildaplel (Maius syivestris (L ) MILL.) und Wildbime (Pyrus pyraster (L) BURGSD ) Voraussetzung zur Generhaliung

des enhaimiscnan YWidobstes Forstarchiv 88 38.47.
and was published in. Stephan B, R., | Wagner and J Kleinschmil. 2003, EUFORGEN Technical Guidelines for genetic conservation

Citaton: Dstribution map of Wild agpie {Mals sylvestis ) EUFORGEN 2009, www.eulorgen.og.
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Wild apple Is a rare tree species
iIn Europe.....

» Single trees scattered throughout the
landscape

e ltis red-listed In
— Belgium
— Finland

— Germany (an estimated 5500 trees are left In
the wild)

— part of conservation efforts in Denmark



..and it hybridises with the
cultivated apple (M. domestica;
yn M. pumlla)




What is M. domestica?
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Morphological differences

Clive Stace (2010): New flora of the British Isles, 3" ed.

3 Leaves|glabrousjwhen mature; pedicels and outside of calyx glabrous

1. M. sylvestris
3 Leavesfhairy Ion lowerside; pedicels and outside of calyx hairy 2. M. pumila

1. M. svlvestris (L.) Mill. - Crab Apple. Tree to 10m, often spiny; twigs glabrous;
leaves 3-5cm |ovate to elliptic, glabrous when mature; petiole 1.5-3cm; pedicels and

outside—oF—calyx glabrous; petals pinkish-white] fruit ppple-shaped, yellowish-
green, (2n=34). Native; woods, hedges and scrub; probably throughout Bl
N to Shetland but very rare in N Sc; some claim very rare throughout Bl. Much
over-recorded for M. pumila and often very difficult to separate from it.
Morphological intermediates are frequent, but molecular evidence suggests that the
2 spp. are distinct and that they rarely hybridise; there are no confirmed hybrid
records from Bl

2. M. pumila Mill. (M. domestica Borkh. nom. illegit., M. sylvestris ssp. mitis
(Wallr.) Manskli,)_ﬂ.;z;dz_[mﬂ_uﬁ' - 10(20)m, not spiny; similar to M. sylvestris but larger
in most parts; leaves up to 15cm|, hairy on lowerside, with relatively shorter petiole;
fruit up to 12cm, [variously coloured; (2n=34). Intrd-natd; much grown and often
natd in hedges, scrub and waste ground; throughout BI and much commoner than

M. sylvestris; garden origin. Self-sown plants usually have small, yellowish, sour
fruits.




Hybridisation
Hybridisation in various countries

« 36.7% Europe wide (Cornille et al., 2013)
« 23.1% Europe wide (Cornille et al., 2015)
* 13.9% Germany (Wagner et al., 2014)

 13.5% Luxembourg (Wagner et al., 2014)

 11.2% Denmark (Coart et al., 2006) and Belgium (Larsen et al.,
2006)



So there Is a conservation concern
regarding the genetic integrity of wild
apple

No data on wild apple in the UK or Scotland



Aims of our study

Given the opportunity M. domestica and M. sylvestris have
had to hybridize in Scotland we asked

(1) What is the frequency of pure M. sylvestris and hybrid
trees in the wild?

(2) How reliable are the morphological field characters in
identifying pure and hybrid samples?



Materials & Methods

Figure 1 Sampling locations and broad geographical regions of 332
Malus trees collected in the field in Northern Britain. Lake District
(LD, n = 24), Dumfries (DF, n = 89), Central Belt (CB, n = 66), Southern
Highlands (n = 122), West Coast (WC, n = 9), Aberdeenshire (AB. n = 9)
and Northern Highlands (NH, n = 13, including one sample from
Shetland).

332 samples from ‘the wild’

screened for 14 genetic markers
(microsatellites) and analysed the
data using the software STRUCTURE
and NEWHYBRIDS



Results

Red — M. domestica
Blue — M. sylvestris

Backcross to M. = Backcross to M.
sylvestris domestica
(PdomsO.l) (0.10 < Pdom < 0.45) (0.45 < Pdom < 0.55) (0.55 < Pdom < 0.90) (Pdom20.9)
STRUCTURE 70.0% 21.4% 2.8% 2.4% 3.4%
NEWHYBRIDS 68.0% 19.6% 2.8% 0.9% 4.0%

~70% of our samples are pure wild apple
~20% are backcrosses to wild apple
~3% are F1 (first generation hybrids between pure wild and cultivated apple)



Results by geographic region

Frequency of pure and hybrid trees Mean genetic make-up of hybrids
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Why so many backcrosses
when there are so few F1s?

There are two likely reasons for this

1. Reflection of the genetic make-up of
cultivated apple and people’s habits

2. Reflection of the historical use of wild apple
and the purity of nursery stock




1. Genetic make-up of cultivated apple
IS not uniform

OPEN a ACCESS Freely available online PL( )g
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the Genome of Cultivated Varieties
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‘Pure Dom’ ‘BX Dom’

_n"
—

Domestica 99% 75.3% 45.4%

Sylvestris 1% 24.7% 54.6%

“Cox Orange" NN

Braeburn
“‘Granny Smith"



—>s0 an F1 in the wild is not necessarily the product of a
natural hybridisation event and might be a reflection of
people’s habits (I. e. throwing apple cores out of a car
window!)




7 out of 8 F1s were collected

O -) along roads
EDD4 i . -) abandoned railway lines
g . -)foot paths

M27

Domestica

Sylvestris

L The Cox is the UK’s most popular dessert
apple and accounts for about 42 per cent

“Cox Orange"

of the UK's apple production

. .



2. Historic use and nursery stock

* Wild apple has been used for
— cider making
— Jam and jelly making
— animal fodder

- so is likely to have been planted widely



This is a country road in the Central Belt with a
mixture of pure wild apple and backcrosses to wild
apple. All of them are very likely planted trees so
were probably supplied by a nursery which have
been shown (in France) to sell a lot of hybrid
instead of pure wild apple trees
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DOI: 10.1111/eva. 12441
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Crop-to-wild gene flow and its fitness consequences for a wild
fruit tree: Towards a comprehensive conservation strategy of
the wild apple in Europe
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well-known cultivated varieties.|Every seed we could genotype com-|

ing from these companies had a M. domestica ancestry level of more

than 0.3 (and very often more than 0.9), regardless of the name used.

~ [This means that buying genuine M. sylvestris seeds is extremely dif-

; |ﬁcult if not impossible in the private sector.| Indeed, identification




The hybridisation rate of ~30% Is probably
not an accurate reflection of natural
processes and likely to be an overestimate
because of intentionally and ‘unintentionally’
planted trees



Reliability of morphological field
assessments

Category Number of Percentage
samples

Morphological identification as ‘crab apple’ 119 49.8%
correct

Morphological identification as ‘hybrid’ correct 16 6.7%

Morphological identification as ‘cultivated 4 1.7%
apple’ correct

Correct identification with confidence 139 58.2%

Morphological identification as ‘possibly crab’ 18 7.5%
correct

Morphological identification as ‘possibly hybrid’ 6 2.5%
correct

Correct tentative identification 24 10%

Total ‘correct’ 163 68.2%

Morphological identification as ‘crab apple’ not 23 9.6%
correct

Morphological identification as ‘hybrid’ not 25 10.5%
correct

Morphological identification as ‘cultivated 11 4.6%
apple’ not correct

Incorrect identification despite confidence 59 24.7%

Morphological identification as ‘possibly crab’ 4 1.7%
not correct

Morphological identification as ‘possibly hybrid” 13 5.4%
not correct

Incorrect tentative identification 17 7.1%

Total ‘not correct’ 76 31.8%

Total samples 239 100%
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