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Barley yellow dwarf (BYD) is a damaging luteovirus disease responsible for reduced 

tillering, delayed heading, sterility, and stunting in many cereals worldwide. Well-

characterized resistance genes to barley yellow dwarf viruses (BYDV) are scarce and 

genes conferring tolerance to BYDV are limited in wheat. In an attempt to generate 

plants with resistance to BYDV, callus of common wheat (Triticum aestivum) was 

bombarded with particles coated with a transgene designed to produce hairpin RNA 

containing BYDV sequences to induce post transcriptional gene silencing. From the 27 

putative transgenic lines generated, both PCR and herbicide screening revealed that none 

were positive for the BYDV transgene. The inability to acquire transgenic plants from the 

procedures accentuates the difficulty of wheat transformation. The lack of successful 

transformation may have been due to the low number of calli bombarded in this study; 

nonetheless, the likelihood of obtaining transgenic wheat plants would improve by 

increasing the amount of calli used to generate transformants.   
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Introduction 
 

Barley yellow dwarf (BYD) is a destructive luteovirus disease transmitted by 

cereal aphids and is responsible for delayed heading, stunting, sterility, and reduced 

tillering in many species found in Poaceae. Some infected hosts appear asymptomatic; 

however, most plants with BYD will display a conspicuous symptom, the discoloration of 

leaves, which appears one to three weeks after infection. In barley (Hordeum vulgare L.), 

leaves usually turn bright yellow; maize (Zea mays) leaves may turn red, purple, or 

yellow; oat (Avena sativa) leaves can sometimes turn tan, yellow, red, or purple; and both 

rice (Oryza sativa) and wheat (Triticum spp.) leaves turn orange or yellow (D’Arcy, 

1995). The severity of symptoms typically depends on the genotype and age of the host 

plant at the time of infection, as well as the virus serotype and environmental conditions. 

Virions responsible for BYD are spherical, 25-28 nm in diameter and contain a 

positive single stranded ribonucleic acid (ssRNA) genome. Barley yellow dwarf virus’s 

(BYDV) ssRNA(+) genome is functionally identical to messenger RNA (mRNA) and can 

be immediately translated by the host plant cell. BYDV-specific proteins can be produced 

directly from one of its five to six open reading frames or from subgenomic RNAs. 

BYDVs are restricted to the phloem of plants and are often found in the cytoplasm, 

nuclei, and vacuoles of infected companion and parenchyma cells and sieve elements. 

The infection and subsequent death of the phloem inhibits translocation, impeding plant 

growth which then leads to the destruction of chlorophyll and the characteristic yellowing 

observed in inoculated plants (Miller and Rasochova, 1997). 

Since BYDV cannot be transmitted through mechanical means such as rubbing or 

abrasion, the virus depends on a vector, specifically aphids, to non-propagatively transmit 
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it to new plants. At least 25 species of aphids, including the English grain aphid 

(Macrosipum avenae), the Russian wheat aphid (Diuraphis noxia), and the bird cherry-

oat aphid (Rhopalosiphum padi), are capable of spreading the virus from plant to plant in 

the Pacific Northwest. When an aphid feeds on an infected plant, the virus travels up the 

aphid’s stylet and passes through the food canal and gut to enter the hemocoel. Virions 

circulate in the hemocoel and then enter the accessory salivary gland where they are 

passed into the saliva to be expelled into the phloem when the aphid feeds again (Gray 

and Gildow, 2003). The period in which the aphid acquires the virus but does not 

transmit it is termed the latent period; the viruses must follow this pathway in the aphid 

vector in order to be transmitted to a new host plant and the circulation of viruses in the 

aphid’s body often takes several hours. 

Phloem cells become infected with BYDV when an aphid deposits the viruses in 

its saliva with its stylet while feeding on sap. Once the ssRNA(+) is released from the 

virion and into the cytoplasm, the early genes are translated to produce RNA-dependent 

RNA polymerase (RdRp). Genomic replication occurs in cytoplasmic viral factories and 

double stranded RNA (dsRNA) is synthesized from the genomic ssRNA(+)  to facilitate 

the replication of new ssRNA(+) genomes. Late gene expression of the 3’ coterminal 

subgenomic RNAs produces the capsid and CP-RTD, the capsid subunit required for 

aphid transmission, in addition to movement proteins, which enlarge the pore size of the 

plasmodesmata and transport viral nucleic acid into an adjacent cell. The assembly of the 

ssRNA(+) genome and capsid proteins into virions enable an aphid vector to ingest the 

particles for the sequential infection of new cells from the same host plant or from 

another plant, while the production of movement proteins mediate virion cell-to-cell 
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transfer, permitting the local and systemic spread of BYDV in the infected plant (D’Arcy 

and Domier, 2005). 

BYD can substantially decrease cereal production by up to 30% by reducing the 

number of plants per row, the number of tillers per plant, the number of seeds per tiller, 

and seed weight (McKirdy, 2002). An increase in BYD disease prevalence creates an 

increase in yield reduction; this relationship was determined to be linear among oats and 

wheat. Yield losses caused by a 1% increase in BYD incidence increased from 30 to 60 

kg/ha in oats and from 20 to 50 kg/ha in wheat. It was calculated that a 5% loss due to 

BYDVs in the United States in 1989 led to crop losses valued at over $1 billion - $847.0 

million for corn, $387.1 million for wheat, $48.5 million for barley, and $28.0 million for 

oats (Hewings, 1995). 

Currently, there is no simple solution to control BYD in the Pacific Northwest 

region of the United States. Altering the planting date may be a feasible strategy to avoid 

aphid vectors. Nevertheless, cereal growers may have more difficulty controlling BYDV 

in the immediate future due to the potential for rising temperatures caused by climate 

change. In the past, growers would limit crop loss from BYDV by waiting for the first 

hard frost in the fall to drastically reduce aphid numbers and then plant their crop. 

Climate change has shifted the time at which the first hard frost sets from October to late 

November or early December (Melillo et al., 2014), by which time it is too late to plant. 

Thus, if growers planted in October, the aphids, and in effect, BYDV would still be 

present and there would be disease response. Another possible approach to combat aphids 

is using systemic insecticidal seed treatments and foliar sprays to prevent the primary and 

secondary spread of aphids, respectively, thereby reducing the spread of BYDV. The use 
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of systemic insecticidal seed treatments provides post-emergence protection against 

insects like aphids, thus expanding the planting season for at least two weeks. However, 

insecticide treatments may have high economic costs when used on low value crops like 

small grains so this must be considered before such application. 

In addition, growing tolerant varieties can help mitigate the damage caused by 

BYDV in oats and barley; however, there are limited sources of tolerance to BYDV in 

wheat. Therefore, a transgenic approach using small interfering (si) RNA to cause post-

transcriptional gene silencing (PTGS) of viral genes is an attractive means to induce 

resistance to BYDV in wheat for disease management. siRNAs are 20-24 base pair long 

dsRNA strands that facilitate the degradation of complementary mRNA. PTGS becomes 

induced when a highly transcribed transgene loci is expressed and aberrant RNA 

(abRNA) is produced. RdRp synthesizes dsRNA from the abRNA template. DICER-like 

plant RNases degrade the dsRNA to form siRNA. A single strand of siRNA can be used 

to form an RNA-degradation complex (RISC) that binds to complementary mRNA for 

degradation in the host cell, thereby silencing the gene (Vaucheret et al., 2001). 

The introduction of a BYDV transgene into wheat can be done with either 

Agrobacterium- or biolistic-mediated DNA delivery. The major difference between these 

two methods, other than method of delivery, is that in biolistic transformation, several 

copies of the transgene will often insert into the chromosome, and the high copy insertion 

events may allow the transgene copies to be silenced (Kohli et al., 2003; Sparks and 

Jones, 2004). However, both techniques of transformation require the use of plant tissue 

culture, which involves growing plant cells, tissues, or organs in a sterile nutrient medium 

of a known composition. Tissue culturing embryonic plant cells is useful in that they are 
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totipotent – they are able to give rise to all cell types and form a functional organism. In 

plant tissue culture, the formation of a callus from an embryo allows one to insert genes 

of interest using either the Agrobacterium or biolistic method. Although only a few cells 

of the callus may have been transformed, transformed cells can be selected through use of 

a selectable marker and encouraged to redifferentiate into a whole plant through the use 

of plant hormones. 

Phosphinothricylalanylalanine tripeptide, more commonly known as bialaphos, is 

an antibiotic and herbicide produced by Streptomyces hygroscopicus (Hara et al., 1988) 

and Streptomyces viridochromogenes. When hydrolyzed to phosphinothricin (PPT), it 

inhibits glutamine synthetase, a vital enzyme in the nitrogen assimilation pathway. 

Inhibition of the enzyme leads to accumulation of toxic levels of ammonia in bacteria and 

plant cells, which can result in cellular death. Microbial organisms with the bar 

(bialaphos resistance) gene are able to synthesize phosphinothricin acetyl transferase 

(PAT), acetylating the amine group on phosphinothricylalanylalanine, and thereby 

inactivating the compound (Hoerlein, 1994). The insertion of the bar gene into a plant 

genome enables transformants to be positively selected when treated with bialaphos. 

The purpose of this research was to obtain plants harboring unique transgene 

insertion sites and copy number after production of doubled haploids from a single 

transformation experiment in Triticum aestivum. If individual plants with different 

insertion sites and different gene copy number could be achieved from doubled haploid 

production from a single transformation event, then the impact of integration site and 

transgene copy number on gene expression or silencing could be researched. This would 
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lead to more rapid development of siRNA gene silencing as a tool to minimize the impact 

of BYDV on wheat cultivars produced in the Pacific Northwest. 

 
Materials and methods 
 
Plant material and growth conditions 

Wheat plants were grown in a greenhouse maintained at 20°C for 3 weeks then 

moved to a vernalization chamber at 5/5°C (day/night) with a 10/14 h photoperiod for 6-8 

weeks before being moved back to the greenhouse. Wheat varieties Bobtail, Rosalyn, 

Brundage 96, and Kaseberg, selected for their responsiveness to tissue culture, were 

grown for 11-12 weeks before their heads were collected for embryo rescue. Brundage 96 

had been used successfully in previous transformation experiments (Wen et. al, 2012). 

The other varieties were previously untested. 

Gene construct and plasmid preparation 
 

The plasmid pID2-BYDV was constructed by inserting a 312 bp fragment of the 

BYDV coat protein commencing at position 6 into pMCG161 (McGinnis et. al, 2005) in 

the forward orientation at the AscI/AvrII site and in the reverse orientation at the SafI/SpeI 

site (App. A). These sites flank an intron derived from the Waxy (wx) gene of rice. 

Excision of the wx intron during mRNA processing allows the formation of a hairpin of 

complementary RNA strands yielding the dsRNA required to induce PTGS. The plasmid 

pAHC25 (Christensen and Quail, 1996), which encodes a GUS expression cassette, was 

also utilized (App. B). Both vectors contain a selectable marker, the bar gene under the 

control of the maize ubiquitin promoter, which confers resistance to PPT. Plasmids were 

prepared from overnight culture grown in LB media using the Qiagen (Valencia, CA) 

Midi Prep kit per the manufacturer’s protocol.  
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Plant transformation 
 

T. aestivum tissue was transformed then regenerated into whole plants. For wheat 

transformation, particle bombardment was used on immature embryo calli. The calli were 

derived from four different wheat varieties - Bobtail, Rosalyn, Brundage 96, and 

Kaseberg. Wheat heads containing immature caryopses were collected 10 days post-

anthesis. The caryopses were manually removed from the heads, sterilized in 70% 

ethanol for 1 min and 3% hypochlorite solution for 10 min, and subsequently rinsed with 

sterile distilled water three times. The embryos were excised from the sterilized seeds and 

were placed onto callus induction medium scutellum side up. The induction media had a 

pH range between 5.7 to 5.8 containing 4.43 g l-1 Murashige and Skoog basal medium 

with vitamins (Murashige and Skoog, 1962), 30 g l-1 sucrose, 100 mg l-1 myo-inositol, 

500 mg l-1 PPM, 2 mg l-1 2-4 dichlorophenoxyacetic acid (2,4-D), and 4 g l-1 agar. 

Cultured embryos remained on callus induction medium for 4 weeks in a 25°C 

incubator. On the day of the biolistic shoot, calli were transferred to fresh callus induction 

medium which also contained 72.86 g l-1 D-mannitol for osmotic shock, and were 

consolidated in the center of the petri dish to maximize exposure to the microprojectiles.  

Plasmid DNA in a 1:2 ratio (1.9 μg of pAHC25 and 3.8 μg of pID2-BYDV) was 

precipitated onto 58 mg of prepared 1.0 µm gold particles (Bio-Rad, Richmond, CA) in a 

solution of 1.0 M CaCl2 and 16 mM spermidine in a total volume of 145.7 μl. The 

solution was vortexed for 3 minutes and allowed to settle for 1 min. The pellet 

microcarriers were spun down and the supernatant was removed. The DNA coated 

particles were washed once with 70% ethanol and then washed a second time with 100% 

ethanol. Microprojectile particles were then resuspended in 56 μl of 100% ethanol and 
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kept at 5°C until bombardment. Eight microliters of the microprojectile suspension were 

used for each bombardment; bombardments were performed using the PDS 1000/HE 

particle gun (Bio-Rad, Munich, Germany) with an acceleration pressure of either 1100 

psi or 1350 psi. The distance from the stopping screen to the target was 8 cm. Explants 

remained on mannitol media for 72 h after bombardment. 

Selection of putative transformants using bialaphos was done on the last three 

rounds of regeneration. Bombarded explants were transferred from mannitol medium to 

callus induction medium supplemented with 3 mg l-1 bialaphos and kept on the same 

plate for 2 weeks. Calli were then transferred to shoot regeneration medium containing 

the same ingredients as callus induction medium, but with the removal of 2,4-D and the 

addition of 1 mg l-1 dicamba and 5 mg l-1 bialaphos; calli remained on shoot regeneration 

media for 4 weeks. Calli were transferred to magenta boxes containing root regeneration 

medium with no hormones and were cultured for 3 weeks (Fig. 1). Putative transgenic 

plants that survived the selective pressure developed roots, were transplanted to soil, and 

were grown to maturity in optimal greenhouse conditions.  
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Fig. 1. Embryogenic calli from cultured immature embryos. (A) Bobtail on callus 
induction media; (B) Bobtail on shoot regeneration media; (C) Bobtail in magenta boxes 
on root regeneration media; (D) potential rooted transformants of Bobtail, Kaseberg, and 
Rosalyn.   
 
Analysis of putative transgenic plants 
 

Genomic DNA was extracted from leaf tissue from control and putative 

transgenic plants using the phenol/chloroform method described in Riera-Lizarazu et al. 

(2000). The presence of transgenes was detected using primer pairs 35S-F/R and Ri_S-

F/R (Table 1), which detect plasmid-specific sequences. A wheat-specific primer pair, 

AWJL3-F/R, was used as a positive control for the PCR (Ji and Langridge, 1994). 
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Table 1. Primer sequences 
Primer type 5’ to 3’ sequence Sequence amplified 
35S-F GCTCCTACAAATGCCATCA pAHC25; pID2-BYDV 
35S-R GATAGTGGGATTGTGCGTCA 
Ri_S-F GTTGAGTGGCCCTGTTTCTC pID2-BYDV 
Ri_S-R CATTGATCAGCCTAACCAAACA 
AWJL3-F TGGCACCCTCAATGTAGAC wheat 
AWJL3-R GCTTGCCCATTTCACAAC 

 
Polymerase chain reactions (PCR) were performed in 10 µl reactions in a BioRad 

DNA Engine PTC-200 Peltier Thermal Cycler. The reaction mixtures contained 1x 

DreamTaqPCR buffer containing 2.0 mM of MgCl2, 0.5 µM of each primer, 0.2 mM of 

each deoxynucleotide, 2% sucrose in 0.04% cresol red, 0.25 units of DreamTaq DNA 

polymerase (Thermo Fisher Scientific), and 20 ng of template DNA. Thermocycler 

conditions consisted of a 3 min denaturation step at 94°C, 8 cycles of touchdown PCR at 

94°C for 30 sec, 60°C to 56°C (diminished 0.5°C per cycle) for 30 sec, 72°C for 1 min, 

followed by 30 cycles of 94°C for 30 sec, 58°C for 30 sec and 72°C for 1 min, and a final 

extension step of 72°C at 5 min. 

PCR products were visualized using agarose gel electrophoresis. The 3% agarose 

gel was made using 0.5X TBE buffer and 150 ng ml-1 ethidium bromide. Seven μl of 

amplified products per lane and one lane of 4 µl of GeneRuler 1 kb Plus DNA Ladder 

were electrophoresed 130 V for 1 hour. DNA bands were visualized using a DyNA Light 

UV Transilluminator.  

Transgene expression analysis 

All putative transgenic wheat were subjected to phosphinothricin acetyltransferase 

(PAT) assays to confirm bar gene expression. Topical application of 0%, 1% and 5% 

bialaphos solution with 0.1% Tween-20 solution was applied to mature leaves of 
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transgenic plants using cotton swabs (Barro et al., 1998). Levels of PAT enzyme activity 

were qualitatively measured by examining leaf response to the herbicide. 

 
Results 
 
Selection of transformed calli 
 

The selection of transformed calli was achieved using both callus induction 

medium and regeneration medium containing 3 mg l-1 and 5 mg l-1 bialaphos, 

respectively. From the 913 embryos from four different wheat varieties that were 

bombarded, 27 putative transgenic plants were obtained. At 1100 psi, we recovered two 

putative transgenic plants from Bobtail and 13 derived from Rosalyn. Calli shot at 1350 

psi generated two putative transgenic plants derived from Bobtail, one derived from 

Brundage 96, two derived from Kaseberg, and seven derived from Rosalyn (Table 2).  

Table 2. Transformation of wheat with pAHC25 and pID2-BYDV 
Variety psi No. embryo used No. putative transgenic 
Bobtail 1100 67 2 (3%) 
Brundage 96 45 0 (0%) 
Kaseberg 52 0 (0%) 
Rosalyn 362 13 (4%) 
Bobtail 1350 66 2 (3%) 
Brundage 96 30 1 (3%) 
Kaseberg 75 2 (3%) 
Rosalyn 216 7 (3%) 

 
PCR screening of putative transgenic wheat  
 

Putative transgenic plants were tested for the presence of transgenes by PCR with 

pID2-BYDV vector-specific primers (Fig. 2). The presence of the CaMV35S promoter or 

waxy-A intron1 was not detected in any of the 27 putative transgenic plants (App. C), 

indicating that the frequency of escapes, plants that survived the herbicide selection but 

lacked the CaMV35S promoter and the BYDV insert, was very high (Fig. 3). PCR 
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products for AWJL3 were observed for all samples, confirming that the PCR reaction 

worked. 

 
Fig. 2. PCR analysis of control genomic DNA used. PCR was performed as described in 
Materials and methods. (A) CaMV35S PCR products (221 bp); (B) BYDV insert PCR 
products (~700 bp); (C) AWJL3 PCR products (~300 bp). Lane M) 1 kb Plus DNA 
Ladder (Thermo Fisher Scientific). Lanes 1-2) water control, 3-4) pID2-BYDV (2 ng), 5-
6) non-transformed Kaseberg (20 ng), 7-8) transgenic wheat (20 ng) obtained from Carol 
Mallory-Smith carrying CaMV35S promoter.  
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Fig. 3. PCR analysis of 27 putative transgenics. PCR was performed as described in 
Materials and methods. (A) CaMV35S PCR products (221 bp); (B) BYDV insert PCR 
products (~700 bp); (C) AWJL3 PCR products (~300 bp). Lane M) 1 kb Plus DNA 
Ladder (Thermo Fisher Scientific). Lanes 1-2) water control, 3-4) pID2-BYDV (2 ng), 5-
6) non-transformed Kaseberg (20 ng), 7-8) transgenic wheat (20 ng) obtained from Carol 
Mallory-Smith carrying CaMV35S promoter, 9-45) putative transgenics (20 ng). 
 
Herbicide resistance screening of putative transgenic wheat 
 

The bar gene expression was examined in 27 putative trangenics wheat plants. All 

plants appeared negative for bar gene expression as they were susceptible to both 1% and 

5% bialaphos solutions with 0.1% Tween-20 on their mature leaves. All leaves treated 

with bialaphos showed a yellow or brown stripe and other signs of necrosis where the 

herbicide was applied. Leaves that received the 0% bialaphos solution with 0.1% Tween-

20 remained healthy and green (Fig. 4). 
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Fig. 4. Herbicide resistance analysis of putative transgenics to different concentrations of 
bialaphos. (A) 0% bialaphos. (B) 1% bialaphos. (C) 5% bialaphos.  
 
 
Discussion 
 

This study revealed that both the PCR and herbicide screening methods for the 

putative transgenics were successful. PCR products were observed for CaMV35S 

promoter, BYDV insert, and AWJL3, indicating that the primers for the plasmid and 

wheat sequences were effective. In addition, the topical application of bialaphos allowed 

the qualitative evaluation of the expression of PAT. I have also shown that plants can be 

regenerated from embryonic callus for all genotypes tested. Nonetheless, all 27 putative 

transgenic plants were determined to be escapes; no true transgenics were generated from 

the 913 embryos that were bombarded. This suggests the plant transformation protocol 

may need to be altered.  

 It is quite possible that the cultivars used in this study were more tolerant to the 

bialaphos in the regeneration media in comparison to other wheat varieties used in tissue 

culture. More tolerant varieties would be phenotypically different than their more 

susceptible counterparts; tolerant cultivars will display a more robust and hairy root 

development in the presence of herbicide. If such case were true, the cultivar’s tolerance 
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to the herbicide must be taken into account in the regeneration media and the 

concentration of bialaphos must be increased.  

The high frequency of escapes may have been due to large calli size. Calli 

diameter and height were roughly 0.7 mm and 0.5 mm, respectively. Transformed plant 

cells may have neutralized PPT with PAT, thus allowing adjacent nontransformed cells to 

continue to grow in the bialaphos-containing media. Cells near the top of the mound of 

callus may have also been shielded from the herbicide and allowed to persist in that 

manner. Using smaller calli on the regeneration medium may be beneficial in reducing 

the number of escapes in the selection process.  

Another issue that may have contributed to the lack of transgenics produced is 

that there were not enough embryo bombardments. In this work, 913 embryos were 

bombarded. A study done by Pastori et al. utilized over 5800 calli and generated three 

independent transgenic lines (2001). Therefore, increasing the sample size will most 

likely improve the likelihood of obtaining at least one transgenic wheat plant. 

Our inability to recover transgenic plants in these experiments highlights the 

difficulty of wheat transformation which is a major impediment in the application of 

genetic modifications to this food crop. Reports of wheat transformation using 

Agrobacterium tumefaciens, electroporation, or particle bombardment typically yields a 

transformation frequency around 1% when model cultivars like Bobwhite are used for 

experimentation (Cheng et. al, 1997; He et. al, 1994; Becker et. al, 1994; Weeks et. al, 

1993). Efforts to increase the transformation efficiency have considered genotype, 

bombardment conditions, time allowed for each procedure, and embryonic capacity of 

the explant, generating higher but not reproducible frequencies.  
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As the time required for our complete experiments, from isolation of the embryo 

through tissue culture, bombardment, plant regeneration, and testing was long, I suggest a 

modification to streamline the protocol. β-glucuronidase (GUS) is a screenable marker 

gene encoded on plasmid pAHC25. A histochemical assay for GUS involves soaking the 

calli in staining solution and examining the presence of blue sectors to appear after 

incubation. The analysis of GUS expression after bombardment could be used to allow 

quick verification of the presence of transformed cells in growing tissues. In this manner 

the effects of timing, biolistic pressure, media composition, and plant genotype on 

transformability could be relatively and quickly assessed without the lengthy process of 

plant regeneration. As each factor is optimized, one could proceed to the next step 

confident that no roadblock exists within the protocol.  
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Appendix 
 

 
App. A. Diagram of pMCG161 vector (14.1 kb). A 312 bp fragment of BYDV coat 
protein was inserted in the forward orientation at the AscI/AvrII site and in the reverse 
orientation at the SgfI/SpeI site to create pID2-BYDV.  
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App. B. Diagram of pAHC25 vector (9.7 kb).  
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App. C. Identities of putative transgenics from Fig. 3. 
Number Designated 

name 
Cultivar Psi Plant rating Transgenic (Y or N) 

9 2-1A Rosalyn 1100 A- N 
10 2-1B Rosalyn  1100 A- N 
11 3-2A Rosalyn 1100 C- N 
12 3-2B Rosalyn 1100 C- N 
13 3-1A Rosalyn 1100 A N 
14 3-1B Rosalyn 1100 A N 
15 2-2A Rosalyn 1100 C+ N 
16 2-2B Rosalyn 1100 C+ N 
17 1-2A Rosalyn 1100 C+ N 
18 1-2B Rosalyn 1100 C+ N 
19 1-1 Rosalyn 1100 A N 
20 6-1 Rosalyn 1100 C+ N 
21 6-2 Rosalyn 1100 A N 
22 2-3 Rosalyn 1100 C- N 
23 2-4A Rosalyn 1100 C+ N 
24 2-4B Rosalyn 1100 C+ N 
25 4-1 Rosalyn 1100 C+ N 
26 5-1 Rosalyn 1100 B N 
27 8-1 Rosalyn 1100 B N 
28 11-1 Rosalyn 1350 B N 
29 7-2 Kaseberg 1350 A- N 
30 7-1 Kaseberg 1350 A- N 
31 9-1 Bobtail 1100 A- N 
32 10-1 Rosalyn 1350 B N 
33 5-3 Bobtail 1100 C- N 
34 14-1A Rosalyn 1100 C- N 
35 14-1B Rosalyn 1100 C- N 
36 13-1 Brundage 96 1350 B N 
37 3-3A Rosalyn 1100 C N 
38 3-3B Rosalyn 1100 C N 
39 6-3 Rosalyn 1100 B- N 
40 11-2 Rosalyn 1350 A- N 
41 5-2A Rosalyn 1100 C- N 
42 5-2B Rosalyn 1100 C- N 
43 5-2C Rosalyn 1100 C- N 
44 9-2 Bobtail 1100 B N 
45 12-1 Rosalyn 1350 B N 
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