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Plant Molecular Genetics - Spring 2020 

Topics Expected in Answers 

 

1. An abundant source of molecular markers is essential for modern plant molecular genetics.  For many parts of 

the world, where SNP technologies are prohibitively expensive, gel-based markers are preferred.  InDel (or 

insertion/deletion) markers are one such class or markers, and a collection of those markers were developed for 

chickpea by Jain et al. (2019).  Develop an essay that discusses features of the paper in the following order: a) the 

methodology used to develop the chickpea InDel markers; b) justification for selecting InDel markers where alleles 

differ 20 bp; and c) evidence that shows the marker set is useful.  (25 points) 

 

a. Whole genome re-sequencing of 5 chickpea lines; alignment to reference; discovery of indels (~230k); 

discovery of >20 bp indels. 

 

b. Agarose gel screening is cost effective; 20 bp about the limit of detection for 3% agarose gels;  

 

c. Evaluated ~420 > 20bp indels; high rate of amplification and polymorphism among parents of 

mapping populations. 

 

2. Camelina sativa is seen as a potential sustainable plant-based source of oil for biofuels.  The level of genetic 

diversity of C. sativa must be assessed to suggest that it is variable enough to improve by modern plant breeding 

technologies.    Read the Luo et al. (2019) paper carefully, and develop an essay that addresses these topics in the 

following order:  a) what technical procedures did the research team use to assess genetic diversity?  b) discuss the 

statistical methods and criteria used with those methods to assess the level of diversity within the diversity panel 

and consider the correctness of the conclusions with regards to genetic diversity;  c) based on the level of diversity 

described in the paper, how successful do you believe C. sativa breeders will be in improving the crop. (25 points) 

 

a. Genotype-by-sequencing of 213 C. sativa lines; ~6k SNPs discovered.  

 

b. PIC calculated; heterozygosity (0.1 – 0.5 per SNP); PIC (0.1 – 0.4; avg. – 0.29); STRUCTURE (k=2 

for first major peak); FST=0.16-0.20’ PCA = two clusters; AMOVA = little between population 

variation.  

 

c. You need to develop your own concept of the degree of diversity needed for your breeding program.  

Consider the target traits and breadth of adaptability as you consider this important question. 

 

3. Powdery mildew severely impacts production of wheat in China and elsewhere in world.  Therefore, molecular 

tools that enable marker-assisted selection is a high priority for wheat geneticists and breeders dealing with this 

disease.  Wu et al. (2018) describe research aimed at mapping a resistance gene that protects Chinese wheat lines 

against Chinese isolates that cause wheat powdery mildew.  Develop an essay that: a) details the methodology used 

(including the genetic populations, genetic analyses, and genomic tools) and an assessment of the appropriateness 

of the methods; b) present the evidence used to determine the causative gene is located on chromosome 2AL; and c) 

describe the molecular nature of one of the genes located in the candidate gene interval. (30 points) 

 

a. F2:3 screened for response to pathogen; bulks (susceptible vs. resistant) developed; RNA-seq analysis 

performed on each bulk; 20M or 25M reads mapped to wheat genome; ~280k SNPs/InDels. 

 

b. Most polymorphisms located in 25 Mb region on end of the long arm of chromosome 2A; 84 

polymorphisms most closely associated with this region; two flanking SSR markers developed; 

Xics13 (1.3 xM from Pm4b) and Xics43 (1.3 cM from Pm4b). 

 

c. Flanking markers define a 6.7 Mb region with 101 predicted genes IN THE REFERENCE 

GENOME; similar Bracypodium distachyon region = 0.99 Mb, 49 predicted genes; multiple disease-

related genes; molecular function need to be described; for example, PK and STK are involved in 

signal transduction via phosphorylation, C2 domain directs protein to cell membrane and the protein 

could have another domain that acts in some cellular activity. 



 

 

4. Create a table that lists all classes of molecular markers discussed in class, the advantages and disadvantages of 

each marker class, and the type of inheritance for each marker class.  (20 points) 

 

Molecular markers to discuss with primary mode of inheritance: 

 

Isozyme: codominant 

RFLP: codominant 

RAPD: dominant 

AFLP: dominant 

SSR: codominant 

SNPs: codominant 

 

You need to develop your set of standards for the advantages/disadvantages for each marker.  This 

should consider the time-frame when the marker system was developed and the particular situation 

confronting you as a researcher. 
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