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A. Compile information from UCD interspecific breeding populations for
dissemination to interested public and private researchers.

B. Propagate the most promising selections for transfer to the USDA Germplasm
Repository for public access.

C. Determine the value of marker assisted selection (MAS) in characterizing and
prioritizing populations of differing interspecific backgrounds.

Interpretive Summary:

Changes in planting practices, including the quantity and quality of land and irrigation
water, have led to the need for a new generation of almond rootstocks and a number of
public and private efforts have been initiated to develop and test new candidates.
Germplasm derived from other species, either directly or through species hybridization,
is often pursued to attain the greatest range of vigor, stress and disease tolerance and
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desirable horticultural traits. However, the acquisition of such exotic germplasm is often
difficult and time-consuming. At UC Davis (UCD), a diverse germplasm has already
been developed combining almond, peach as well as related species including P.
argentea, P. bucharica, P. davidiana, P. fenzliana, P. domestica, P. mira, P.
orthosepala, P. scoparia, P. tangutica and P. webbii. In this project, selected
germplasm from the UCD almond and peach breeding programs with value for
rootstock improvement have been identified, catalogued and propagated. Detailed
pedigree relationships as well as trait expression data have been transferred to the
RosBreed website (www.rosbreed.org) and published to allow end-user analysis. This
germplasm demonstrates extensive diversity both genetically and in the range of traits
useful to rootstock improvement programs. Field evaluations have identified unique and
potentially useful characteristics in parents and progeny, including modification of tree
architecture from P. scoparia hybrid rootstocks, drought tolerance in a peach by P.
argentea hybrid, and a pronounced invigoration of scion growth in several advanced
interspecies introgression lines.

Disease and nematode evaluation plots are concurrently being developed in
cooperation with UCD, USDA, nursery and grower cooperators. The genetic
characterization of parent species, species-hybrids and subsequent breeding progeny
has been completed using over 500 molecular markers showing a fairly uniform
distribution over all eight of the Prunus chromosomes. Initial inheritance studies
indicate that some markers may be unreliable as indicators for specific trait selection,
presumably a unique consequence genetic masking resulting from their inter-species
origin.

Field crosses have generated over 5000 seed. Approximately 25% of this seed has
been germinated and undergoing testing. Some material is being saved as seed for
later germination and testing including seedling of almond by peach (F1, F2,), almond
by Nemaguard, almond by 40A17 (nematode resistant source), peach by Prunus mira,
(F1, BC1), peach by P. tangutica (F1, F2), peach by P. davidiana (F1, F2), peach by
Nemaguard, peach by P. argentea (F2, BC1), peach by almond by P. scoparia (F2,
BC1). Progeny population sizes range from only a few to several hundred individuals
depending upon the difficulty of the cross. Recent field crosses have generated an
additional 3000 seed and/or seedling of almond by peach (F2,), Nemaguard by CP45
(almond parent of Nickels rootstock), almond by 40A17 (nematode resistant source),
peach by Prunus mira, (BC1), peach by P. tangutica (F2).

Over 20 clonal genotypes as well as over 2000 seed from interspecies introgression
lines have so far been distributed to cooperating researchers, including nurseries and
growers for rootstock trait evaluations. Traits currently being evaluated for include
drought and salt tolerance, verticillium resistance, crown gall resistance,
phytophthora’s/waterlogging resistance, nematode resistance, scion architecture
modification, compatibility with Nonpareil, and capacity for rootstocks to develop more
compact scion tree size. Test sites are located in Butte, Colusa, Yolo, Stanislaus,
Fresno, and Kern counties.
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Materials and Methods:
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We also used bulk and self- exploitable for rootstock breeding.

pollinations to generate seed

populations of 100-500 individuals for germination/greenhouse planting or
seed storage for later germination assays. Crossing targets included P.
persica, P. mira, P. webbii | P. tangutica, P. scoparia, P. davidiana and P.
dulcis interspecies F2’s and backcrosses.

C. Use RosBreed developed molecular markers to test whether molecular
markers assort normally from parent to progeny in interspecies crosses or
whether aberrant segregation patterns (due to chromosomal rearrangements
such as translocations/inversions and associated gene methylation) are
evident. Distortions from expected patterns are identified using standard
genomic analysis software such as Pedimap and also to visual examination of
the data. Where discrepancies are identified, inheritance patterns of individual
formative markers have been characterized using standard qualitative
methods.
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Genetic variability in almond & relatives
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Figure 2. Representative sample showing the diversity of almond types present in this germplasm. The
numbering of the seeds is the same as in Table 1. All seeds are in-shells except # 26 (Nonpareil), 55, 69, 70,
72, 85, 86, 98, and 108. [Results are from a published (ref. #14) collaborative study with Dr. Sathe’s group at

the University of Floridal.

Results and Discussion:

Compile information from UCD interspecific breeding populations for
dissemination to interested public and private researchers.

Species represented within the UCD almond germplasm include Prunus
tangutica, P persica, P davidiana, P mira, the argentea, P scoparia, P dulcis, and
P webbii which taken together represent a much broader range of genetic
breeding options then present in the traditional almond breeding germplasm and
in particular the California germplasm which is largely derived from 2 cultivars:
Nonpareil and Mission (Figure 1). An extensive diversity is also captured for
each species within introgression lineages (see annual Variety Development
Reports). Considerable variability has been captured and demonstrated for both
fruit type (Figure 2 and Table 1) and tree types, including germplasm previously
shown to have disease resistance value when utilized as a rootstock (Figure 3).
Genotypes range from interspecies hybrids with a well-established rootstock value
owing to their typical high vigor and so related disease/stress resistance (Figure
4), to genotypes demonstrating the ability to modify scion architecture and
physiology (Figure 5). The species donor in Figure 5 is Prunus scoparia, which
also possesses tremendous adaptability to arid environments. (The inset shows
native P. scoparia growing at a 3000m mountain pass in the Zagros Mountains of
Iran were conditions are so extreme that no other plants survive).
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Table 1. UCD breeding germplasm analyzed for seed characteristics in a collaborative study with
University of Florida. The numbering of the individual genotypes is the same as in Figures 7 and 8.
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00|47-23 2 0f 10.03| 13.38| 15.25| 9.73| 12.05| 6.04| 147 037| 1728 0.61| 0.64| 0.61
107[47-25 i (bitter seed) 0| 28.97| 20.39| 18.28| 11.75| 13.66] 7.26/ 293| 0.82| 1009 0.51| 0.75] 0.57
102|F10D,2-14 [P fanziiana (F2) 0] 3055 223 1648 11.38[ 11.33] 843] 454| 1031921 166/ 0.78 1.1
52|Andross Peach (P. persica) (bitter seed) 0] 3531| 17.77| 26.12( 11.43| 195| 389 621| 036| 2065 039 053] 1.01
105)1410-4 P. bucharica (bitter seed) 0] 19.14| 1433( 1033 662 735| 466/ 058| 021(2094] 059 1.01] 0.82
87|AT-28 P.webbii (bitter seed) 0] 2572| 18.43[ 14.13 91 102 63| 139] 049)2104] 088 1.11] 1.03
101|F10D,2-12 [P fenziiana (F2) 0] 2649 20.61| 16.11| 10.78| 11.51] 7.04] 141| 077[ 2138 1.53| 1.06] 1.44
71|P11-58 P. mira (bitter seed) 0| 26.55| 14.48| 17.75| 0.86| 12.82| 433| 248| 0209|2339 0.53| 0.79| 0.83
76|A13-1 P persica x P, davidiana (bitter seed) 0 2147 13.77| 20.69| 11.41) 17.83] 6.1| 3.83| 046| 2341 045 05 09
51(404-17 Peach (P. persica) (biter seed) 0| 2425[ 13.35| 16.83| 7.18| 12.45| 335 1.81| 0.1 23.74| 051 052 1.02
106|42-11 P. tangutica (bitter seed) 0] 16.54| 13.36( 15.23| 10.28| 12.4] 828] 134| 049] 2544 0.7] 0.94] 0.87
88 |F5.4-42 P webbii (F2) 0] 26.82| 18.54| 1498 9.46| 10.83 67 196 0355 258 064 1.1] 1.06
5|F5.4-10 P.webbii * (Nonpareil % P. persica)BCl1 38| 27.5) 1969) 1832) 11.94) 12.78] 7.22| 269| 078)2212] 053] 102 0.96
77|Hansen2168 |Almond = P. persica 50]1 4406| 27.95) 28.46| 15.71| 1829 734 907| 144)13235] 157 0.81] 1.31
O7|F10D.3-24 | P webbii (BC1) 50 2571 1933 19.52] 13.23| 13.29] 6.13| 266| 071 1339] 127 095 1.16
79 |Nickels Almond = P. persica 50| 3688 23.87| 28.7| 16.37| 20.85| 875 918| 1353|1379 075 009 0.85
104|F10D,3-30 |P. fenziiana (BC1) 50| 36.2| 27.32| 193] 13.93]| 13.31| 875 237| 159| 1537 2.18] 0.73| 0091
96|F10D.3-13 |P. webbii (BCL) 50| 2539| 19.4| 19.08| 12.02| 13.66] 803| 185 083| 1707 047 057 087
100|F10D,3-3 50| 2957| 2342 18.62| 12.41| 13.8| 7.01| 188| 096| 1747 026 04| 065
03|F10D,3-2 50| 30.57| 19.71| 17.83| 11.09| 13.64| 6.99| 1.53| 077| 1784| 066 051 1.09
94|F10D 2-5 50| 2866| 2083 1457] 9.81) 11.31f 807 123] 076|1799] 047 075 0.86
89|F10D.3-15 |P. webbii (F2BC1) 50| 3332 24.03] 2099] 12.86| 14.64] 7.18 41| 096 1858 033 091 0.82
41[F10C.12-28 [(Nonpareil x P persica ) F2 501 3509| 20.24| 2393]| 13.04| 1799 902 496| 108)1032] 176 071] 1.19
92|F10D.1-2 P. webbii (BC1) 50| 2997 20.76| 19.8] 12.21]| 1421 7.15] 1.59| 084) 204) 068] 1.11| 1.14
O1|F10D.1-4 P w 50| 30.79| 23.09] 18.07] 11.93]| 1331 7.57| 194| 095] 205 132| 0.62 1.1
90|F10D.1-22 |P. webbii (F2BC1) 50| 2891| 21.59| 21.35| 12.65| 15.24| 7.72| 245| 097| 2105 1.78 1.01] 1.11
78|Hansen536 |Almond = P. persica 50| 3451| 23.82| 24.61| 13.03| 188| 746| T44| 1.12|2106| 0.66 1| 0.77
05|F10D.3-26 |P. webbii (BCL) 50| 3355| 24.05| 2027| 11.4| 14.4| 745 323| 093] 2117 106 102| 089
45|F10C 20-51 [(Nonpareil x P. persica) F2 (bitter seed) 50| 35.12| 25.14| 21.25| 12.63| 14.98| 7.31| 243 1.1 23.87| 056 0.7 0.69
ST|F5.16-60 (Mission * P. argentea ) F2 50| 3285) 23.77) 1706| 11.1] 119 734 1.56| 087|2408] 044] 057 0.99
84|F10D_3-23 |Padre = F5.4-4 69| 2745) 2037) 19.82) 11.85| 13.38] 7.71| 232| 084|1448] 149 076] 1.11
12|F5.20-42 Padre x F3.4-10 69| 26.76| 21.42| 17.85] 12.07| 14.03] 8.18| 1.87 11 1672] 063 099| 0.66
83|F10D.1-26 |Nonpareil = F5 4-4 69| 3084 23.05] 2482| 14.16| 15.84] 6.87| 3.88| 1.11|1764] 161| 127 0.99
L7|F8N.7-4 F5.4-10 = Sonora 69] 3196| 22.74| 16.12| 10.66| 10.66] 6.21| 1.17| 076| 1952] 065] 1.14] 0.81
39|8010-22 Nonpareil x F54-10 69| 37.57| 24.6| 19.31| 125 14.1| 7.07 19| 1.05/21.06] 209 143 0.89
55|5B13 25-75 |Nonpareil x F54-10 69|NA 23.08|NA 12.54|NA 7.76|NA 1.17) 22.18| 1.78]| 0.94] 149
82|F10D.2-18 |Nonpareil x F5 4-4 (see No. 4) 69| 24.86| 19.04| 17.53| 10.8| 13.13| 847 195| 08| 224| 076 065 1.2
15|F8N,6-68  |F5,4-10 = Solano 69| 30.72| 21.57| 19.93| 12.47| 14.38| 7.19| 1.89| 0096|2347 0.88 1.02| 0091
81|F10D 3-7 Almond = P. webbii x P. persica (BC2) 84| 2625) 2045] 16.6| 1062 12.64] 6.74] 141| 069) 1535 042| 055 077
72|97.1-232 SBE1325-75 » Winters (see No. 33) 85| WA 23.62|MA 13.42|WA 8.16|WA 129| 2061 206) 099 0.9
0|F5.13-34 (Mission x P. fenziiana) BC1 = Sonora 88| 37.19| 23.69) 1952] 1192 16.68] 831 294| 105) 1628 0.7] 0.54| 0.68
L10|F5.10-9 ama) BC1 = Sonora 88| 2728| 21.12| 18.82| 12.24| 14.15] 7.04| 308| 082)1811] 061| 108 0.99
103|F10D.2-3 fiana) BC1 = Sonora 88| 2763| 21.82| 20.09]| 13.17] 163] 803| 324| 113|2071] 156| 089 1.15
7|F3.6-13 ana) BC1 = Sonora 88| 3203| 22.06| 17.25| 10.83] 10.51| 6.71| 166| 084 256| 095 083 0.84
8|F5.6-1 (Mission = P. fenziiana) BC1 % Sonora 88| 33.78| 23.01| 23.68| 14.64| 16.75| 7.38| 508| 133|2588| 092| 1.13| 094
108(97.3-40 Almond % P. webbii *x P.persica (BC3) 92|NA 33.26|NA 15.14|NA 8.7|NA 208|2531| 09 09 0.87
75(2004 9-1 Nonpareil x 97,1-232 93| 3428| 24.96| 23.78| 13.46| 18.07| 7.54| 3.15| 124| 1454| 1389 11| 086
742004 .8-201 |Nonpareil = 97,1-232 03] 32.14| 24.05] 21.45] 12.97] 13.97] 8.13| 2.06| 1326 1581| 1.67] 1.09] 1.22
732004 8-160 |Nonpareil = 97.1-232 (see No. 72) 03| 3845) 2858 22.52| 14.18] 1541] 864 296 1.77) 1984 2] 1.15] 0.85
38|SB13 34-39H (Nonpareil * P. persica )BC3 04] 26.19| 1693 15.83] 10.23] 12.33] 8.18] 1.05 0.7] 2151 196 072 1.16
08|97.2-240 P webbii (BC4) 04|WA 23.76|NA 12.61|WA 045|NA 128 2222 04 0.61 1
80|2005 20-192|(P. persica) BC4 04| 3709 20.55] 26.46| 14.58| 1927 7.37| 731| 099)2301| 063] 0.88 1
8520002-3 Almond = P. webbii *x P. persica (BC4) 96| A 23.01|NA 11.62|NA 8.07|NA 1.17| 1980| 1903| 096 075
86|2000.8-27 |Almond = P. webbii x P. persica (BC4) 96| A 24.26|NA 12.13|NA 8.62|NA 12| 2392 055 087 0.9
68| Tuono Almond variety 100| 3843| 26.35| 27.67| 16.27| 18.3| 822| 545| 158| 17.14| 032| 095 0.8
69|2004.18-20 |Almond varietv 100 (A 26.34|N4A 13.12|N4 8 7(NA 154| 1872| 068) 085 0099
Almond variety 100] 2789 20.76| 19.79] 12.36| 15.77| 8.87| 2.535| 1.04| 1917 046] 0.84] 0.93

64 |Ferragnes Almond variety 100) 3635| 26.8) 23.06| 14.18| 17.04 829 409] 148|1937] 156] 1.02] 121
70195.1-26 Almond varietv 100 WA 20.66(WA 14 25| WA Q4TI NA 198) 2094 1.1) 066) 074
24|Sonora Almond variety 100] 3702] 27.7| 18.89| 13.08| 12.69 78| 225] 1352|2207 074 108 1.13
67 |Marcona Almond variety 100) 2938| 21.96| 25.83| 17.26| 19.62 8.75| 555| 155|2222| 088 1.02 1
66| Winters Almond variety 100| 3641| 26.33| 19.25) 11.87| 14.08| 8.13| 209| 121|2237 105 073 1.3
26|Nonpareil |Almond variety 100(vac | 24 74|NA 13 40|N4 7.86|NA 131)| 2307| 1.02 1 1
65|Sweetheart |Almond variety 100| 2247| 19.1]| 18.98) 12.51| 14.33| 884 1.54| 098|2552| 173| 1.12| 116
63|Kahl Almond variety 100( 3427 2505 17.03| 12.11| 1499| 8.04 22 12[ 2629 122 1.12[ 0.9
62|Chips Almond variety 100]| 2866 21.51| 19.45| 12.68]| 14.71| 8.18] 202| 1.06| 2646] 168 091] 117

Almond Board of California -5- 2014.2015 Annual Research Report




P subhitel |
. ferganensis

CUra m—
Ay
Lovel
Nickles
Compass [
Hamatha
Vking |~

Rfing

Nemaguar R
Hangen 535 W " | [H]
Fordaguard Bhoatinot

Cedaman |

i =

00 500 1000 1500 0o B0 3000 3500 4000

Figure 3. Differences in interspecies Figure 4. Increased tree size and vigor typical of an
germplasm resistance to various nematodes as interspecies hybrid (left) versus standard peach
d?cL:JuCnlgented by previous studies by Bliss et al. seedling (right).

a .

A major challenge to rootstock breeding
is the maskings affect that interspecies
hybrid vigor has on any specific disease .
resistance genes within the germplasm. o
This is because the rootstock may be -
essentially able to outgrow the disease
even though it is susceptible. Since the
individual can be clonally propagated, this
genotype can still be used directly as a
rootstock, but often multiple improved
traits are desired in the next generation of
California rootstocks (nematode
resistance, soilborne disease resistance,
graft compatibility, scion architecture, etc.) Figure 6. Seedling at right is an advanced
which would require additional breeding to Packcross to peach of the P scoparia

r mbine all desired traits into on interspecies hybrid shown in Figure 6
ecombine all desired {raits into one demonstrating heritability of some aspects of

genotype. Becaus_e hybrid vigor is |05t_ iN drought tolerance from the wild species.
subsequent self’s in crosses, any species-

hybrid-vigor advantage would be lost in rootstock breeding progeny which would
confound both selection progress as well as the use of molecular markers to
identify traits of interest. The only way to accurately determine the breeding value
of such material would be to make and analyze the appropriate crosses. For
example, Figure 6 shows an advanced backcross to peach of the P scoparia
interspecies hybrid shown in Figure 5 which was left to grow under dryland
conditions after its 3" season of irrigated growth (and prior to removal).
Tolerances to non-irrigated conditions are evident in the continued tree growth
and development as well as by the setting and cropping of a heavy fruit set.
Consequently rootstock breeding is typically pursued by 2 separate strategies: 1)
generate interspecies rootstocks which combine desired traits (such as nematode
resistance and graft compatibility) with vigorous root and tree growth derived from
the nature of the interspecies hybrid, and 2) recombine multiple desired traits from
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multiple parents using traditional crossing and backcrossing methods. The
development of interspecies hybrids can be rapidly obtained and resultant vigor
captured through clonal propagation, though the number of desirable traits
combined in a single rootstock is limited. Traditional breeding allows the
recombination of the greater number of traits but involves a considerable amount
of time for rootstock development. While molecular markers would facilitate
traditional breeding, the multigenerational breeding pedigrees required to validate
these markers would need to be developed and so require multiple years to
develop and characterize. An example of such wild species trait introgression’s
demonstrated in Figure 7. In this example interspecies hybrid was backcross to
California adapted peach for a total of 4 consecutive generations while at the
same time selecting for mildew resistance and good commercial peach quality.
Several such introgressions have been included in the UCD germplasm providing
both immediate opportunities for new trait introduction as well as required
populations for developing useful molecular markers.

In our breeding program we have also identified a rare but intriguing
introgression-type which combines the vigor and growth habit typically found in
interspecies hybrids with greater genetic uniformity (i.e. greater heritability in
progeny) which we have characterized as a primal-type since the tree
characteristics almost always shows the more primal species phenotypes.

Mildew resistance
from wild almond

Introduction

Bodwss 2 P <cobas

S '
A N L
ol g Fe

Figure 7. Introgression of mildew resistance from wild P scoparia to cultivated peach.
Images denote different parents and the multi-generation backcross to peach.
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Often found in advanced introgression lines
(Figure 8) at very low frequencies (1/500-
1/1000), these rare individuals appear to be
reversions to a more primal, undomesticated
phenotype which almost always displays the
almond-like leaf, tree and fruit traits
characteristic of wild Prunus (Figure 9). This
reversion-type also typically shows
augmentation of tree vigor and tree architecture
commonly associated with interspecies hybrids
(Figure 8). Although rare, the size and genetic
diversity of UCD breeding program has allowed
the collection of over 30 primal-type genotypes,
most often in peach-almond and in peach-mira
introgression lines though less frequently in
crosses involving other species. In some
advanced introgression material, primals have
been selected which display a high quality,
sweet kernel in an otherwise hybrid vigor background and so may have unique
opportunities for commercial almond production under high disease/environmental
stress conditions (Figure 9). Because of their rarity, there is virtually no
information concerning such genetic throwbacks in the literature. Based on the
UCD experience, such interspecies derived germplasm may be relatively common
in domesticated almond (see references 5 & 6) and some of the domesticated
plums. Peach-almond reversion lines are particularly useful because they are

__ easy to identify given the distinctive
tree/leaf/fruit characteristics, and
because that specific species hybrid
group has proven particularly valuable for
rootstock development. Over 10 of these
unique genotypes are currently being
propagated for the rootstock trials with
cooperating nurseries and growers.
Almond by peach interspecies hybrid
breeding lines represent only a small
@ proportion of the potential variability in
% tree growth and performance available
with hybridization to other species.
Examples of the range of tree
architectures and growth habits are
shown in Figure 10 while the range in

Figure 8. The appearance of a primal -type in an
almond times P mira backcross introgression
breeding line. While rare, primal types are readily
identified by an increase in figure and associated
disease resistance as well as leap and fruit traits
more characteristic of the wild type.

Figure 9. Characteristic leaf and fruit traits typical
for the primal-group of interspecies introgression
genotypes. This tree was derived from an initial
almond by peach hybrid and has medium-large
sweet kernels.

Almond Board of California

performance (potential drought tolerance
as indicated by the critical leaf
temperature) of advanced breeding lines
Is shown in Figure 11.

-8- 2014.2015 Annual Research Report



Figure 10. Range in tree growth habits of selected UCD interspecies breeding lines
which are among the over 200 individuals which have been transferred to USDA/ARS
germplasm repository for public access by rootstock researchers and breeders.
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Propagate the most promising selections for transfer to the USDA Germplasm
Repository for public access.

Key selections, representing diverse species lineages, have been propagated for
distribution to interested researchers. Using both selfed pollinations as well as
controlled hybridizations we have generated over 6000 new seed/seedling genotypes in
to 2015 for use in trait/molecular marker segregation projects. Germplasm now
available in our core collection as clonal material and/or seed/seedling populations is
shown in Tables 2 and 3. Advanced seedling progeny generations of this material as
well as novel germplasm, including primals, currently in the hybridization program is
summarized in Table 4. Over 20 clonal genotypes as well as over 2000 seed from
interspecies introgression lines have so far been distributed to cooperating researchers,
including nurseries and growers for rootstock trait evaluations. Traits currently being
evaluated for include drought and salt tolerance, verticillium resistance, crown gall
resistance, phytophthora’s/waterlogging resistance, nematode resistance, scion
architecture modification, compatibility with Nonpareil, and capacity for rootstocks to
develop more compact scion tree size. Test sites are located in Butte, Colusa, Yolo,
Stanislaus, Fresno, and Kern counties. In addition, approximately 200 individuals of a
F2 population of a P. tangutica by peach interspecies hybrid which has shown promise
for crown gall resistance are being planted to test for consistency and heritability of the
trait, and opportunities for developing molecular markers to the controlling gene(s).

Table 2. Species hybrids and introgression lines presently available in our core collection.
Items which have been vegetatively propagated in 2013 and 2014/15 are highlighted in yellow
while lineages maintained through seed propagation followed by field planting in to be
highlighted in blue.

Species F1 F2 BC1 Other
Peach x P. argentea 2 130 85 150
Peach x P. scoparia 1 10 410 200
Peach x P. dulcis 90 420 80 800
Peach x P. mira 3 150 200 600
Peach x P. davidiana 1 90 40 80
Peach x P. tangutica 12 450

Peach x plum 2

Almond x P.persica 240 800 5 1400
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Table 3. UCD peach and almond species germplasm selections for which detailed molecular

and phenotype information is now available through the RosBreed website

(http://www.rosbreed.org/). Items which have been vegetatively propagated in 2013/14are
highlighted in yellow while lineages maintained through seed propagation followed by field
planting in 2013 to15 are highlighted in blue.

Number of

Selection Parentl Parent2 Source Selections, F1 or F2s
2008 _3_196 Loadel Yumyeong P.persica 22
2005 17 1 Loadel Vilmos P. dulcis 42
2005_17_255 Carson persXdavidiana P.davidiana 23
2005_17 155 Loadel persXdavidiana P.davidiana 1
2006_1_107 18 8 11 P_Tang_Mix P.tangutica 1
2003 1 329 DrDavis P.miral9 P. dulcis 1
P.mira#19 P.mira P.mira P.mira 1
2001_7_180 Andross P.argentea P.argentea 1
2000 2 8 Loadel P.argentea P.argentea 2
2005_20_192 91 16 154 Ogawa P. dulcis 1
Hansenl Almondseed?2 Nemaguard P.davidiana 1
Nickels CP 5 33 Nemaguard P. dulcis 1
2000 3 205 Andross MissionxScoparia P.scoparia 1
Carmel Nonpareil Mission P. dulcis 1
Jordanolo Nonpareil Harriott P. dulcis 1
Panamint BabcockxBoston GoldminexRioOsoGem P.persica 1
2000_2 16 Loadel F8 5 166 P. dulcis 1
2005 22 204 91 17 195 F8 5 159 P. dulcis 2
98 2 132 Pallas F8_1 96 P. dulcis 1
2005_16_172 OHenry F8_1 42 P. dulcis 19
99 16 131 F8 1 121 F8 1 121 P. dulcis 1
2005_17 5 Loadel F10C_12 28 P. dulcis 1
Woltemade Kakamas F_Wolvamade P.persica 1
Stukey 6 9BF Nonpareil F_Stukey69BF P. dulcis 1
Stukey_6_8 Nonpareil F Stukey68 P. dulcis 1
Stukey 6 27H Nonpareil F Stukey627H P. dulcis 1
Stukey 6 27 Nonpareil F_Stukey627 P. dulcis 1
St_John ChineseCling F StJohn P. dulcis 1
Sonora Nonpareil F Sonora P. dulcis 1
F5C 6 9BF Nonpareil F F5C 6 9BF P. dulcis 1
F5C 6 8 Nonpareil F F5C 6 8 P. dulcis 1
F10C 20 51 F8 _76_45 F F10C_20 51 P. dulcis 1
F10C 12 28 F8 72 33 F F10C 12 28 P. dulcis 1
2007_12 209 2000 _16_133 P. dulcis 1
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Table 3 (continued). UCD peach and almond species germplasm selections for which detailed
molecular and phenotype information is available through the RosBreed website
(http://www.rosbreed.org/). Items which have been vegetatively propagated in 2013/14are
highlighted in yellow while lineages maintained through seed propagation followed by field

planting in 2013 to15 are highlighted in blue.

Number of

Name-TMG Parentl Parent2 Source Selections, F1 or F2s
2005 20 11 Carson - P.persica 1
2005 18 151 2001 7 180 - P.argentea 1
2005 17 208 Carson - P. dulcis 1
2005 17 148 Loadel - P. dulcis 1
2008 58 18 2000 8 150 DrDavis P.persica 1
54P455 GoldenGlory Bonanza P.persica 1
98 9 7 93 3 159 Bolinha Bolinha 1
F8 7 179 Nonpareil A80 10 22 P. dulcis 1
2009 19 18 Andross 96 9 292 P.persica 3
2005 29 95 92 14 73 92 14 73 P.persica 1
2001 18 215 91 18 6 91 18 6 P.persica 1
Ogawa 90 10 91 90 10 91 P. dulcis 6
F8 1 42 90 1 4 90 1 4 P. dulcis 1
2008 13 194 Loadel 2003 1 329 P.mira 11
2005 19 40 19 2 72 2001 7 180 P.scoparia 1
2005 18 244 Rizzi 2001 7 180 P.argentia 20
2009-28-152 18 8 11 2001 18 215 P.persica 1
2007_10_244 2000_8 150 2000_8_150 P. dulcis 3
2005 19 139 19 2 72 2000_3 205 P.scoparia 1
2005 20 117 Carson 2000 _3 205 P.argentia 7
2005 18 191 2000 2 8 2000 2 8 P.argentia 3
2007 _12 234 2000 16 133 2000 16 133 P. dulcis 35
2007 _11 249 2000 15 122 2000 15 122 P. dulcis 1
Vilmos F10C 12 28 *VP P. dulcis 1
Mission_BF Mission *MUT P. dulcis 1
NonpareilBF Nonpareil *MUT P. dulcis 1
TardyNonpareil Nonpareil *MUT P. dulcis 1
40A_17 - - P.persica 1
Hansen536 - - P. dulcis 1
Mission - - P. dulcis 1
Nemaguard - - P. dulcis 1
Nonpareil - - P. dulcis 1
persicaXdavidiana - - P.davidiana 1
Winters - - P. dulcis 1
Yumyeong - - P.persica 1
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Table 4. Advanced introgression populations developed from core germplasm.

Primals Seed Pollen
2005,20-192 91,16,154 Ogawa
2007,12-209 2000,16-133 Self
2009,17-302 Andross 96,9-292
2009,17-325 Andross 96, 9-292
2009,18-151 Andross 96,9-292
2009,19-331 Andross 96,9-292
2009,24-337 DRDAVIS 96,9-292
2009,25-36 DRDAVIS 96,9-292
2009,26-185 DrDAVIS 96,9-292
2009,26-205 DrDAVIS 96,9-292
2009,26-266 Dr.DAVIS 96,9-292
2008,61-38 91,17-262 E22-59
2009,19-247 Andross 96, 9-292
2009,27-175 Dr. DAVIS 96, 9-292
2009,18-87 Andross 96,9-292
2008,25-101 Andross 2000 8 157
2008,25-113 Andross 2000 8 157
2008,53-47 Riegels 00,12-110
2008,58-18 91,17-195 00,8-150
2009,17-340 Andross 96,9-292
2009,19-252 Andross 96, 9-292
2009,19-32 Andross 96, 9-292
2009,19-85 Andross 96, 9-292
2009,20-89 KLAMT 96, 9-292
2009,21-1 ROSS 98, 4-177 BRR
2009,21-168 ROSS 98, 4-177 BRR
2009,23-109 RIZZI E 22-59
2009,23-28 RIZZI 2001_18 215
2009,28-152 18 8 11 2001 18 215
2009,29-107 Lt. ROSS 96, 9-229 BRR
2009,29-15 Everts 2001 _18 215
2009,33-175 Halford 2001 _18 215
Introgression lineages
Almond x P. mira (BC1)
Almond x P. argentea (BC1)
Almond x P. fenzliana (BC1)
Almond x P. mira (BC3)
Almond x P. davidiana (BC3)
Almond x P. argentea (BC3)
Almond x P. mira (BC2)
Almond x P. webbii (BC1)
Almond x P. webbii (BC3)
Almond x P. webbii (BC4)
Almond x P. webbhii (F2)
P. orthosepala
Almond x P.persica (BC3)
Almond x P.persica (BC4)
Almond x P. bucharica
Almond x P. webbii x P.persica
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Name | R e N [Nar]
2000 15 127 200
7000 3 205 700
7001 7 180 700
7003 1 3729 700
2005 16 101 200
7005 16 146 700
7005 16 147 700
7005 16 143 700
2005 16 150 200
2005 16 152 200
7005 16 153 700
7005 16 156 700
7005 16 157 700
2005 16 158 200
7005 16 150 700
7005 16 160 700
7005 16 161 700
2005 16 162 200
2005 16 164 200
7005 16 166 700
7005 16 167 700
2005 _16_168 200
2005 20 139 200
7005 20 141 700
7005 20 143 700
7006 1 107 700
2007 10 212 200
7007 10 214 700
7008 53 47 700
7008 _58_18=] 200
2009 18 187 200
2009 19 150 200
7000 19 18 700
2000 78 152 200
Hansenl Han
Nickels Nicl
Nonpareil Non
OHenry OHe
P.mirald P.m
Peento Pee
pers Xdavidiar pers
Vilmos Viln

Figure 12. Representative RosBreed marker patterns for each of the eight Prunus chromosomes
analyzed (colored bars in the top row). [While only about 30 markers are shown for each chromosome,
they are representative of the over 500 markers analyzed.]

Determine the value of marker assisted selection (MAS) in characterizing and
prioritizing populations of differing interspecific backgrounds.

The now completed analysis of RosBreed marker data documents an extensive genetic
diversity and variability within the UCD breeding program. As detailed in the 2012/13
and 2013/14 Almond Breeding and Interspecific Breeding Germplasm reports, this
extensive diversity also led to a large error rate and identifying specific alleles and their
associations with specific traits. This is primarily because the markers utilized were
initially developed from the peach genome and while the relative position would be
expected to be similar (though several exceptions in the form of translocations and
inversions are presented in the 2012/13 and 2013/14 reports), the specific allelic
signature was often not fully recognized and so accurately recorded for many
interspecific relatives and even their advanced introgression lines (see the Almond
Variety Development reports). Consequently, the value of individual markers for MAS
needs to be determined on a lineage by individual marker basis. However, the overall
patterning of marker assortment appears useful for distinguishing between different
interspecies lineages and, in particular, characterizing primal’s. Figure 12 shows the
typical patterning for an advanced almond-peach introgression line (2005-16-133) as
compared to some of the early primal’s included in the RosBreed analysis (red
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highlight), the almond-peach interspecific hybrids Hansen and Nickels (yellow highlight)
in the various species parents (at base). Frequently, the markers identified in primal’s
are not in agreement with those of the parents, possibly due to the previously discussed
translation errors common when interspecies are analyzed. While, in the interspecies
hybrids Hansen and Nickels, the expected heterozygosity (because one set of alleles is
inherited from almond and the other from peach) is observed at most sites, a much
more pronounced genetic variability is observed within the primals. Even in
introgression lineage 2005-16-133 between parents as diverse as peach and almond,
the identity by descent (common parentage) results in a generally consistent patterning
over all 8 chromosomes with the expected relatively low number of discrete changes in
individuals. A highly variable patterning is observed in the primal’s (which also argues
against an accidental cross-pollination of the peach parent by outside almond pollen-
which would have been simplest explanation). Each primal analyzed, including those
with a common parentage, shows a distinctive patterning arguing against a crossing
error, even with the high level of translation errors expected in this material.

In 2013/14 and again in 2014/15, additional molecular data was generated through a 9K
SNP mini-array based on RosBreed markers but developed with a private service
provider (llumina). A large number of additional primal’s were included in this analysis.
The llumina array was originally pursued to see if this platform could successfully
translate the trait predictions developed from the larger RosBreed data from the much
more limited array results. As with the earlier RosBreed analysis, simple translation
from marker presence to trait presence is not possible and it still requires molecular and
breeding expertise to identify the most promising markers, interpret results, and
troubleshoot system glitches. Nonetheless, large haplotypic diversity in UCD peach
breeding germplasm is documented. In general, this DNA test was simply predictive
(i.e. it was easy to interpret results) for approximately 60% of germplasm but require a
more careful analysis for the remainder. In particular, a large number of trait prediction
failures were common in the primal material (as in Figure 12). For example, markers
scored with two heterozygous groups (e.g. "AC (2)") are always for interspecies
introgression populations, since they detect the presence of a third allele coming from
non-peach species but cannot uniquely identify that allele.

The 9K SNP mini-array patterns for the over 1000 markers evaluated was highly
variable for the interspecies introgression lines as well as the primals, similar to that
previously seen with the RosBreed markers. However, because more primal genotypes
were analyzed, preliminary analysis has identified intriguing trends for a small
proportion of the markers, 27 of which are summarized in earlier reports. These
markers clearly distinguish primals from the general peach population as well as the
peach almond hybrids lineages [AxP] and almond. We are currently examining the
possible significance of these marker consistencies (for example, are they from the
same segments of the chromosome or involved in similar developmental processes,
etc.). In addition we now have F2 populations of several primal genotypes which have
become available for genetic and horticultural (disease screening, etc.) evaluation in
spring, 2015 and are currently under evaluation.
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