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Exhibit A - Origin and Breeding History 

Pedigree and Breeding History 

UI Stone is an FI-derived BCIF9 line from the backcross Pomerelle*2/Tui. Pomerelle (Souza et 
aI., 1997a) was jointly released in 1996 by the Idaho, Washington, and Oregon Agricultural 
Experiment Stations and the USDA-ARS. Pomerelle was derived from the cross A771084­
B/ID0246. The breeding line ID0246 is a sister line selection to 'Treasure' (PI 468962, 
Sunderman and O'Connell, 1988). Pomerelle has adult-plant resistance to stripe rust, moderate 
susceptibility to leaf rust (P. triticina Eriks.) and resistance to stem rust (P. graminis Pers.:Pers. 
f. sp. Trifici Ericks. & E. Henn.) (Souza et aI., 1997a). Tui is a short, high yielding wheat 
released by the International Maize and Wheat Improvement Center (CIMMYT). 

The initial cross ofUI Stone was made between Pomerelle and Tui in a greenhouse in Aberdeen, 
ID in January 1994. The FI (A9442S) was planted in a field headrow in the spring of 1994. One 
FI plant was backcrossed to Pomerelle in the field in the summer of 1994. The BC1F1 

(A94368S) were planted in the greenhouse in the fall of 1994. The seeds of individually 
harvested BC1F1 plants were planted in 4.5 m2plots in a field nursery inoculated with stripe rust 
in 1995. One BCIF2 plot, A94368S-B, was selected with better resistance to stripe rust and 
harvested in the summer of 1995 and planted in 1996 in a 4.5 m2F3 plot in which fifty heads 
were selected. In 1997, the 50 F4 heads were planted in 1.2-m headrows in Aberdeen, ID. Out 
of 50 F5 headrows, seven were selected based on uniformity and performance in the summer of 
1997. The·seven selected lines were planted in a non-replicated observation trial in Aberdeen in 
the spring of 1998. Four of the seven F6lines (A94368S-B-4, 7, 30, and 38) were selected and 
advanced in a replicated preliminary yield trial in two locations (Aberdeen and Tetonia) in the 
spring of 1999. Two F6lines, A94368S-B-7 and A94368S-B-30, were selected and evaluated in 
elite yield trials in four locations (Aberdeen, Hazelton, Tetonia, and Moscow, ID) in 2000 and 
2001. A94368S-B-7 was designated as ID0599 and entered into the tri-state trials in 2002 and 
the Western Regional Soft Spring Wheat Nurseries (WRSSWN) in 2003 and 2004. 

Evaluation of Grain Yield and Agronomic Performance 

'ID0599 (UI Stone) has been officially evaluated since 2008 due to personnel changes in the 
breeding program from 2005 to 2007. Grain yield and agronomic performance ofUI Stone were 
evaluated in the University of Idaho Spring Wheat Elite Yield Trials (UISWEYTs) in two 
irrigated locations (Hazelton and Aberdeen) in southern Idaho from 2008 to 2011; in the 
University of Idaho's State Extension Variety Trials (lDSWEVTs) in four irrigated locations 
(Rupert, Idaho Falls, Ashton, and Aberdeen) in southern Idaho from 2009 to 2011. Alturas, 
Alpowa, and UI Pettit were used as checks in the UISWEYTs and IDEVTs. UI Stone was 
simultaneously evaluated in the Western Regional Soft Spring Wheat Nurseries (WRSSWNs) 
from 2008 to 2010 across the states of Idaho, Oregon, Montana, and Washington. The cultivars 
Alpowa, Louise, Nick, and Alturas were used as checks in the WRSSWN trials. Grain yield, 
grain volume weight (GVW), days to heading (DTH) (50% of heads in the plot completely 
visible and counting from January 1), and plant height (PH, distance from ground to top of spike 
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excluding awns) were measured in most locations, while lodging (0-9; 0 = no lodging; 9 = 100% 
plants lodged) was recorded only when significant lodging was present in the field. 

Evaluation of End-use Quality 

Milling and baking quality of VI Stone were assessed using approved methods of the American 
Association of Cereal Chemist (AACC, 2000) by the Idaho Wheat Quality Lab at Aberdeen, ID 
in 2008-2010 and was officially evaluated by the Pacific Northwest Wheat Quality Council in 
20010. VI Stone along with other lines were also tested at the Western Regional Genotyping Lab 
at Pullman, WA .with DNA markers diagnostic for the high molecular glutenin gene GluDl 
(5+10). 

Evaluation of FHB Resistance 

VI Stone and 46 other PNW spring wheat lines and two known spring resistance sources 
'SumaB' (PI 481542) and 'CJWI4' (WI4, PI 641164; Ward et aI., 2006) were evaluated in two 
field and three greenhouse experiments. One field experiment was conducted by Charla 
Hollingsworth in a nursery at the Northwest Research & Outreach Center, Crookston, Minnesota 
in the spring of 2008 and another by William Grey at Montana State Vniversity in Bozeman, 
Montana in 2009. Deoxynivalenol (DON, ppm) content was tested on grain harvested from the 
2008 field experiment. The three greenhouse (OH) experiments were conducted in Aberdeen, 
Idaho in 2010 and 2011. Disease severity for each line was calculated based on the mean of 3 to 
1oinfected spikes per entry. The 49 lines included in this GH evaluation were tested in 2008 at 
the Western Regional Genotyping Lab at Pullman, WA with DNA markers diagnostic for the 
presence of Fhb1 using marker UMN10 (Liu et aI., 2008) and the quantitative trait locus (QTL) 
on chromosome 5AS using marker XbarcJ 17 (Chen et aI., 2006). 

Evaluation of Resistance to Stripe Rust and Stem Rust 

VI Stone was evaluated by X.M. Chen as single row plot (1.0 m long) for resistance to stripe rust 
under natural infections in both Pullman and Mt. Vernon, WA in 2003, 2004, 2008, 2009, and 
2010 in either or both of two nurseries: the Southern Idaho Wheat Breeding Nursery and the 
Western Vniform Regional Nursery (WURN). Stripe rust races prevalent at these locations 
during those years in the PNW included PST-114, PST-116, PST-127, and PST-139 (Chen et al. 
1995; Chen et al. 2010; Wan and Chen 2012). Stripe rust resistance was evaluated twice at 
Feekes growth stages 5-6 and 10.1-10.5 in Mt. Vernon and once at stage 10.1-10.5 in Pullman, 
WA when the susceptible check 'Lemhi' had about 30% severity at the early stage and greater 
than 80% severity at both locations at the late growth stage. Infection type (IT) was recorded 
based on the 0-9 scale as described by Line and Qayoum (1992), and severity (SEV) was 
recorded as percentage of foliage infected. In addition, VI Stone was evaluated in the 
greenhouse together with the other entries in the 2010 WVRN at two temperatures profiles. One 
was the low temperature profile (diurnal temperature cycle gradually changing from 4°C at 2:00 
am to 20°C at 2:00 pm) with 16 h light long day time with selected races PST-37, PST-45, PST­
100, PST-116, and PST-127 in the seedling stage; while the other was the high temperature 
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profile (diurnal temperature cycle gradually changing from lOoC at 2:00 am to 30°C at 2:00 pm) 
with races PST-100, PST-116, and PST-127 in adult-plant stages (boot to flowering stage) (Chen 
2005; Chen et al. 2010). In 2009, UI Stone was evaluated in a controlled greenhouse by X.M. 
Chen for resistance (unpublished data) to stem rust using a bulked isolate of stem rust collected 
from the Palouse region. 
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Seed-increase plots were planted each year from 2008 - 2011 in parallel with the yield trials. In
spring 2008, 400 heads were selected from a seed-increase plot. These were threshed
individually and planted in headrows in the spring of 2009. Uniform headrows were selected,
harvested individually and compo sited to obtain breeder's seed. Ten kg of breeder seed was
planted in Tetonia in the spring of 2010 and smaller amount of foundation seed was obtained.
These seeds were planted in the spring of 2011 and a large amount of foundation seed was
produced in the summer of 2011. Uniformity and stability of this cultivar were evaluated and
stayed consistent during these years.  A variance of up to 2, 4, and 7 red wheat seed per pound 
is allowed in foundation, registered, and certified classes of seed, respectively.
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Exhibit B - Statement ofDistinctness 

UI Sto.ne is mo.st similar to. the so.ft white spring wheat Alturas (PI 620631, So.uza et aI., 2004). 
The two. cultivars may be distinguished based o.n the alleles o.f the high mo.lecular weight 
glutenin lo.cus o.n chro.mo.so.me ID and the alleles o.f QTL asso.ciated with resistance to. fusarium 
head blight (FHB) o.n chro.mo.so.me 5A. Alturas has 5+ lOin co.ntrast to. UI Sto.ne, which carries 
2+12 at the GluD 1 lo.cus. Based o.n marker analysis o.fXbarcJ 17, UI Sto.ne has a PCR product o.f 
245 bp, while Alturas has a PCR pro.duct o.f 239 bp. The two. cultivars can also. be distinguished 
by ino.culatio.n o.f FHB. UI Sto.ne will sho.w a reduced infectio.n, while Alturas will sho.w a high 
level o.f susceptibility to. FHB. UI Sto.ne is o.ne to. six days earlier than Alturas in diverse 
enviro.nments. 

Reference: 

So.uza E.l., M.l. Guttieri, and K. O'Brien. 2004. Registratio.n o.f 'Alturas' wheat. Cro.p Sci. 44: 


1477-1478. 
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Exhibit D - Additional Description of the variety 

General Description 
UI Stone's juvenile plant growth is erect. At the boot stage, plants of UI Stone are blue-green 
and have re-curved flag leaves. Light pubescence is present on the stems and glumes. 
Coleoptiles are white and the anthers are yellow. Stem internodes are hollow, and peduncles are 
erect. UI Stone has awned, white chaffed, mid-dense, and tapering heads. UI Stone's kernels 
are white, soft, and ovate, with rounded cheeks, a shallow crease, and the brush length is 
midsized and short similar to the recurrent parent, Pomerelle. On the basis of four years data 
(2008-2011), UI Stone has an average kernel weight of 34.8 mg, similar to Alturas (34.0 mg) and 
slightly higher than Treasure (33.5 mg). 

Grain Yield and Agronomic Performance 
In the WRSSWNs trials (Table 1), UI Stone ranked among the top five cultivars for grain yield, 
with a 3-yr average (2008, 2009, 201 0) of 4156.1 kg ha-I in rain-fed and 8043.1 kg ha-I in 
irrigated tests, respectively. Grain yield of UI Stone was similar to that of Alturas and Nick, but 
significantly higher than Alpowa and Louise in irrigated environments, while it was similar to 
Louise but significantly higher than Alturas, Alpowa, and Nick in rainfed environments. In all 
environments, grain volume weight (GVW) of UI Stone was lower than that of Alpowa but 
not significantly different from the other three check cultivars; days to heading of UI Stone was 
little earlier or similar to Nick but one to . six days earlier than that of Alturas, Alpowa and 
Louise. Plant height of UI Stone was not significantly different from Alturas and Nick in all 
environments: however, it was 6 - 8 cm shorter than Louise in irrigated environments, and 4 
cm shorter than Louise in rainfed environments. 

In the UISWEYTs (data not shown), yield of UI Stone (8285.2 kg ha-I) was not significantly 
different from Alturas (8399.5 kg ha-I), Alpowa (7780.8 kg ha-I), and UI Pettit (7538.7 kg ha-I). 
GVW of 01 Stone (78.1 kg hL-I) was significantly higher than that ofUI Pettit (76.1 kg hL-I). UI 
Stone was two days later heading than 01 Pettit but two and three days earlier than Alturas and 
Alpowa, respectively. UI Stone (95.5 cm) was 15.5 cm taller than UI Pettit and 2.5 cm shorter 
than Alpowa; but similar in height to Alturas (94.2 cm). 

In the IDSWEVTs (http://www.extension.uidaho.eduicerealsQ, the yield of 01 Stone (7942.2 kg 
ha-I) was not significantly different from Alturas (7780.8 kg ha-I) but significantly higher than 
Alpowa (7599.3 kg ha-I) and UI Pettit (7525.3 kg ha-I). GVW ofUI Stone (77.5 kg hL-I) was not 
significantly different from the other three check cultivars. UI Stone was two days later heading 
than UI Pettit but two and four days earlier than Alturas and Alpowa, respectively. UI Stone (91 
cm) was 10 cm taller than 01 Pettit (81 cm), five cm shorter than Alpowa (96 cm) but similar in 
height to Alturas (91 cm). 

End-Use Quality 
Based on the baking data of five year-location environments in Hazelton and Aberdeen under 
irrigation in 2008-2010, UI Stone has good end-use quality for a soft white spring wheat. The 
flour protein ofUI Stone (89.3 g kg-I) was significantly higher than that ofUI Pettit (84.7 g kg-I), 
but not different from Alpowa (88.9 g kg-I) and Alturas (88.1 g kg-I). Flour yield (670 g kg-I) 
and cookie diameter (8.7 cm) of 01 Stone were similar to Alturas (662 g kg-I and 8.6 cm) and 01 
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Pettit (674 g kg-1 and 8.8 em), but significantly higher than that of Alpowa (631 g kg-1 and 8.5 
em). Flour ash ofUI Stone was significantly lower (3.5 vs 3.6 g kg-1

), while the break flour yield 
(423 g kg-1

) was not significantly different from that of the three check cultivars. UI Stone (L* 
-7.7) had good noodle color stability, similar to Alturas (L* = -7.6) and UI Pettit (L* -8.1), and 
better noodle color stability (Chinese raw noodle) than Alpowa (L* = -10.8) based on noodle 
color change between 0 and 24 h (L* differential value). Lactic acid solvent retention capacity 
(97) ofUI Stone was greater than UI Pettit (78) but less than Alturas (104) and Alpowa (104). 

Resistance to FHB 
Table 2 summarizes the overall FHB resistance of forty-nine lines evaluated over two field and 
three greenhouse experiments. The FHB resistance was characterized based on the mean data of 
each line. A DON content lower than 2 ppm and disease severities less than 25% in the field and 
greenhouse were regarded as being resistant reactions. Out of 49 lines evaluated, the nine PNW 
lines 'Whitebird' (PI 592982, Souza et al., 1997b), ID0629, 'Otis' (PI 634866, Kidwell et al., 
2006b), 'Lolo' (PI 614840, Souza et al., 2003), UI Stone, ID0686, ID0668, ID0671, and 
'Lassik' (PI 653535) and two resistant checks Sumai 3 and CJWI4, showed good resistance in 
greenhouse and field inoculation experiments and lower DON accumulation in the field 
inoculation experiment in MN in 2008. UI Stone and the other eight resistant lines. do not have 
any of the generally known resistance sources in their pedigrees. The results suggest that the nine 
resistant lines can be used as adapted resistance sources for the improvement of FHB resistance 
in spring wheat. Genetic analyses should be done to determine whether they have novel 
resistance genes. 

Resistance to Stripe Rust and Stem Rust 
UI Stone showed good resistance to stripe rust in the flowering stage at the Mt. Vernon, W A 
location from 2008 to 2011 (Table 3). UI Stone had IT scores ranging from 2 to 3 (mean 3) and 
SEV ratings ranging from 5 to 50% (mean 29%), while the susceptible check Lemhi had IT 
scores of 8 and SEV ratings of 80-100%. However, UI Stone showed a variable reaction 
(resistant to susceptible) at the Pullman, W A location over the four years it was tested. Based on 
the overall IT and SEV scores of the four years, resistance of UI Stone was better than UI Pettit, 
similar to Alpowa and Treasure but not as good as Alturas. UI Stone was moderately resistant to 
stripe rust in four of the six locations inWRUNs in 2008 and 2010 (data not presented). In 
greenhouse evaluations (data not presented), adult plants of UI Stone were resistant to race PST­
127 (infection type 1 or 2), but moderately susceptible to PST -100 (infection type 6) and PST­
114 (infection type 4 or 5); seedlings ofUI Stone were also resistant to races PST-45 and PST­
127. Based on both greenhouse and field assessments, UI Stone has a moderate level of 
resistance to stripe rust in most environments. UI Stone showed a resistant reaction to the bulked 
races of stem rust collected from the Palouse region, compared to Alpowa which was susceptible 
(Chen, personal communication). UI Stone also showed a very good tolerance to cereal cyst 
nematodes (Smiley, personnel communication). 

Seed Purification, Increase, and Availability 
Seed-increase plots were planted each year from 2008 - 2011 in parallel with the yield trials. In 
spring 2008, 400 heads were selected from a seed-increase plot. These were threshed 
individually and planted in headrows in the spring of 2009. Uniform headrows were selected, 
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harvested individually and compo sited to obtain breeder's seed. Ten kg of breeder seed was 
planted in Tetonia in the spring of 2010 and smaller amount of foundation seed was obtained. 
These seeds were planted in the spring of 2011 and a large amount of foundation seed was 
produced in the summer of 2011. Uniformity and stability of thiscultivar were evaluated and 
stayed consistent during these years. 

U.S. Plant Variety Protection (PVP) with Title V option will be sought for UI Stone. Seed ofUI 
Stone has been deposited in the National Plant Germplasm System, where it will be available for 
distribution upon expiration ofPVP. 

Recognized seed classes will include the foundation, registered, and certified seed classes. 
Foundation seed of UI Stone is distributed by the UI Foundation Seeds Program to licensed 
brokers. A variance of up to 2, 4, and 7 red wheat seed per pound is allowed in foundation, 
registered, and certified classes of seed, respectively. Licenses of UI Stone can be purchased 
from the UI Office ofTechnology Transfer. 
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Table 1. Grain yield, volume weight, days to heading, and plant height ofUI Stone soft white 
spring wheat compared with check cultivars evaluated under rainfed and irrigated conditions 
in the Western Regional Soft S2ring Wheat Nurseries in 2008, 2009, and 2010.t 

Grain Volume
Cultivar Rank* DTH PH

Yield 
kg ha-1 kg hL-1 d em 

Irrigated 
UI Stone 8043.1 A 76.0 175.8 92.2 
Alturas 7753.9 AB 76.0 177.3 90.2 
Alpowa 6953.7 BC 77.3 178.6 97.5 
Louise 6604.0 C 76.5 177.1 99.6 
Nick 7552.2 AB 76.4 176.2 92.2 
Mean 7384.1 76.4 177.0 94.5 

LSD (0.05) 981.9 1.4 1.3 4.1 
CV(%) 11.0 0.9 0.6 3.2 

Environment 6 5 5 5 

Rainfed 
UI Stone 4156.1 A 72.5 178.1 72.1 
Alturas 3786.2 B 72.6 . 182.9 71.4 
Alpowa 3806.4 B 73.8 184.6 73.9 
Louise 3880.3 AB 72.5 181.7 75.9 
Nick 3396.1 C 72.5 179.6 68.8 
Mean 3806.4 72.8 181.4 72.4 

LSD (0.05) 322.8 1.3 1.4 2.5 
CV (%) 12.3 2.5 0.7 4.4 

Environment 17 17 17 17 

tComplete data summaries can be found at 
http://www.ars.usda.gov/Services/docs.htm?docid=3712 (verified 1 March, 2013). 
*Different letters indicate significant differences among the five cultivars based on the LSD 
values. 
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Table 2. DON content and disease severity of two resistant checks and nine resistant spring 
wheat lines out of 49 evaluated in diverse environments over three years 

DON Severity
Genotype Class Severity (%) 

(ppm) (%) 

Field* Field** Greenhouse * * * 


Sumai3 SRW 0.2 3.3 14.7 
W14 SRW 0.2 4.0 6.9 

Whitebird SWS 0.4 8.8 23.0 
ID0629 SWS 1.5 12.0 24.7 

Otis HWS 0.4 13.3 17.0 
Lolo HWS 1.1 15.5 23.7 

UI Stone SWS 0.8 16.8 16.1 
ID0686 SWS 0.7 17.8 13.1 
ID0668 SWS 0.4 19.5 25.5 
ID0671 SWS 0.6 23.8 17.5 
Lassik HRS 2.0 24.4 20.0 

Mean of 
49 entries 

2.2 25.7 31.8 

CV% 62.6 44.9 55.7 
LSD 2.7 23.2 29.5 

* DON content was tested using the grain harvested from MSU field nursery in 2009. 

** Mean disease severity of MT (2009) and MN (2008) field nurseries. 

*** Mean disease severity of three GH experiments in 2010 in Aberdeen, ID. 
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Table 3. Mean infection type (IT) and severity (%) of VI Stone (ID0599) and check cultivars in 
responses to stripe rust infection in different growth stages planted in Pullman and Mt.Vernon, 
WA from 2008 to 2011. 

Pullman, flowering Mt. Vernon, boot stage Mt. Vernon, flowering 
Cultivar IT % IT % IT % 

% 0-9 % 0-9 % 

Lemhi 8 90 8 68 8 95 
VI Pettit 7 43 6 26 6 60 
Treasure 4 17 6 33 2 16 
Alpowa 5 38 8 45 2 20 
VI Stone 6 23 7 40 3 29 
Alturas 2 14 7 28 3 10 
Mean 5 37 7 40 4 38 
LSD 
(0.05) 3 23 3 19 2 26 
CV% 35.8 40.3 26.2 31.2 32.0 45.1 
tlnfection type as described by Line and Qayoum (1992). 
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