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RATIONALE
Figure 2: Visual example of a 
near isogenic line. The G19 
parent line is represented in 
green, and the 255 parent line is 
represented in orange. The F1 
(first cross) plants are half G19 
and half 255. The near isogenic 
line (NIL) contains mostly just the 
G19 genome with the INR locus 
from 255.

 

Figure 1: Model for INR 
perception of inceptin peptide 

leading to defense responses. 
Inceptin peptide from the saliva of 

the lepidopteran larvae is 
recognized and defenses are 

induced in the plant.  
(Steinbrenner 2020) 

I have found that inceptin responsiveness is correlated with the genotype at the INR locus. This is important because it suggests that 
inceptin responsiveness is determined by genes that are at this locus. While the SNP itself is not the cause of the differential 
responses to inceptin but something at this locus is. 

We measured the inceptin responsiveness of the F2 plants using the ethylene assay and the plants that are very close to or below 
the line at 100% on the graph are non-responsive to inceptin because they did not significantly produce more ethylene when 
exposed to inceptin as compared to water. In this graph you can see that all the plants that had at least one A, which means they 
have one copy of the INR locus from G19 are responsive to inceptin. All the plants that only have T’s, and thus only have copies of 
the INR locus from 255 are not responsive to inceptin. These data clearly link the INR locus to inceptin responsiveness. This same 
experiment will be done with the final near isogenic line to fully confirm this linkage. 

• Finalized NIL: continue to backcross to G19 to create a finished near isogenic line

• Challenge the final NIL with peptides: determine the responsiveness of the final NIL using inceptin peptide as 
well as oral secretions collected from lepidopteran larvae that contains inceptin 

• Challenge the final NIL with herbivores: allow lepidopteran larvae to feed on the NIL and the G19 parent line 
to determine if the absence of the G19 INR locus impacts the growth rate of the larvae.

Using these methods, we will be able to determine if the replacement of the G19 INR locus with the 255 INR 
locus is sufficient to reduce the antiherbivore defense responses in plants that are normally responsive to 
inceptin. 

Studying Herbivory Defenses in the Absence of a Functional Immune Receptor Through the Development of a Near Isogenic Line of Phaseolus 
vulgaris

Figure 3: Crossing and 
backcrossing plan to create 
a NIL (near isogenic line) 
from the parent lines G19 
(Andean common bean) 
and 255 (Argentinian 
Phaseolus vulgaris).
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SNP Identity at Each Cross

Figure 5: (a) Graph showing the amount of ethylene produced by each plant when exposed to inceptin. All plants very close to or below the blue line at 100% are classified as non-responsive to 
inceptin. The genotype at the SNP in the INR locus is shown above each bar. (b) Crossing and backcrossing plan showing possible SNP genotypes and highlighting the genotypes that are selected. 
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Herbivore associated molecular patterns (HAMPs) can be recognized by a plant’s immune 
system. Inceptin is a HAMP peptide that is present in the oral secretions of caterpillars and 
can be detected by plants in the legume subtribe Phaseolinae. Steinbrenner et al. recently 
identified the inceptin receptor (INR) which is native to legume species and can recognize 
and respond to the presence of inceptin. INR is a leucine rice repeat receptor like protein 
which confers signaling and defense responses when exposed to inceptin by increasing the 
production of reactive oxidative species and ethylene. While INR has been shown to be 
sufficient to activate these responses when expressed in tobacco, there is still no evidence 
that INR is required for defense responses in bean. In order to validate that INR 
contributes to anti-herbivore defense responses, we aimed to develop a line lacking the 
native INR gene. We developed a Phaseolus vulgaris accession containing the genetic 
background of a responsive accession, with the INR locus from an inceptin unresponsive 
accession. The objective of this research is to verify that the inceptin receptor is required 
in bean for inceptin to elicit a defense response.

Percent Ethylene Response Relative to Water on G19 x 255 F2 
Plants
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The goal is to create a near isogenic line, which is a line that 
has essentially the same genetic makeup as one of the 
parent lines except for a small number of genetic loci. 

We hypothesize that by replacing the G19 INR locus with the 
INR locus from 255 the final near isogenic line will be 
non-responsive to inceptin because 255 has been shown to 
have reduced INR expression. 

In order to create a near-isogenic line with a naturally occurring 
unresponsive INR locus, I crossed a bean accession that has been 
shown to respond to inceptin (G19833, a genome sequenced Andean 
common bean) with a bean accession that is not responsive to inceptin 
(Pv255, Argentinian Phaseolus vulgaris). 

The progeny of this cross can then be screened using single 
nucleotide polymorphism genotyping to ensure that the plant is 
heterozygous at the INR locus by identifying if the plant has the 
version of a SNP from 255 or from G19. G19 has two A’s while 255 
has two T’s at this SNP. 

Figure 4: Sequencing at the 
SNP (highlighted in blue) 
shows the signatures for 
both A (green) and T (red), 
this sample is heterozygous 
at the SNP
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Elevation and Latitude as Predictors for Alpine Plant Life History Traits    

INTRODUCTION
High elevation alpine zones in mountainous 
regions create harsh climates through extreme 
temperatures, short growing seasons, and 
unshielded wind exposure, formulating an 
environment unsuitable for most plant species. 
The alpine zone therefore acts as a filter, where 
only a limited number species occur above the 
treeline. While many of these species 
simultaneously occur at lower elevations (alpine 
generalists), some exclusively live in alpine zones 
(alpine specialists). Thus, the alpine peaks can 
be considered biological islands. We investigate 
the community composition of the peaks’ species 
pools, with regard to species life history traits.
    

DISCUSSION
We found no significant relationship between peak 
latitude or elevation and growth habit. We con- 
clude that no single alpine growth form provides 
an advantage for survival in our study area. Ob- 
served growth form distributions (Figure 4) may be 
due to phylogenetic relatedness of taxa observed. 
Higher counts of alpine specialists at higher 
elevations may be due to long-standing evolution- 
ary selection for advantageous traits, which fit 
outside of our tested parameters. More specialists 
found at higher latitudes may be due to generalists 
in warmer southern Washington climates being 
less adapted to alpine conditions. This study 
provides baseline data for alpine communities. As 
the climate continues to warm, reduced snowpack 
and higher alpine temperatures may increase 
dwarf tree abundance and decrease specialist 
abundance, relative to generalist abundance in the 
alpine zones.

METHODS
We recorded all species in the alpine zones of 23 
peaks in the Washington Cascades (Figure 1), 
and scored them as either alpine generalists or 
alpine specialists. We then categorized the 
growth form for each species using the methods 
outlined in Harguindeguy et al. 2016 (Table 1), 
and referencing online and local floras, digitized 
collection databases and Google images. We 
used simple linear regression models to 
determine if the species growth habit or 
ecological specialty is correlated with, or 
predicted by, peak elevation or latitude.

SAMPLING LOCATIONS

Figure 1: (A) Map of the 23 
peaks surveyed in the 
Cascades 2021-2022.
Alpine zones on surveyed 
peaks: (B) Middle Tiffany, 
(C) Clark Peak, (D) Peak 
6708
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RESULTS

Figure 2: Broadly categorized growth habit distribution, averaged across all peaks.
Figure 3: Total distribution of alpine specialists and alpine generalists for all species recorded 
across all peaks
Figure 4: Narrowly categorized growth habit distribution, averaged across all peaks. 
Table 1: Key for growth habit classification 
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COMMUNITY COMPOSITION DATA
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Linear Regression Analysis 
between Ecological Specialty 

and Elevation

Linear Regression Analysis 
between Ecological Specialty 

and Latitude

Linear Regression Analysis between Growth Habit and Elevation

Figure 5: There is no significant 
relationship between a peak’s 
elevation and growth habit. 
Cushion plants show a slight 
trend toward comprising more of 
the species pool at higher 
elevations  (R2=0.152, p=0.066).

Linear Regression Analysis between Growth Habit and Latitude

Figure 6: There is no significant 
relationship between a peak’s 
latitude and growth habit. Dwarf 
trees show a slight trend toward 
comprising less of the species 
pool at higher latitudes 
(R2=-0.167, p=0.053)

Figure 7: The percentage of alpine 
specialists is positively correlated with a 
peak’s elevation (R2=0.250, p=0.015). 
There are more alpine specialists at 
higher elevations, relative to alpine 
generalists.

Figure 8: The percentage of alpine 
specialists is positively correlated with 
a peak’s latitude (R2=0.339, p=0.004). 
There are more alpine specialists at 
peaks located further north in Wash- 
ington, relative to alpine generalists.

Average Alpine Plant Growth Form 
Across All Peaks

Ecological Specialty Distribution of All 
Species Recorded

Average Alpine Plant Growth Habit 
Distribution
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