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Written Preliminary Exam


for Mohan Gowda

Monday, November 09, 2009

Closed Book


E-mail to me by 8:00 pm 


Please respond to each question using well written sentences and/or paragraphs that indicate you can write the English language effectively.  As diagrams are needed, please include them as well.  You have all day, so I expect legible and clear answers.  


1. In your sorghum breeding program, anthracnose resistance is an absolutely critical trait and you have identified two sources of absolute resistance (both are resistant to all pathotypes in your possession).  You need to know whether these sources have the same or different resistance genes.  Describe the experiment and expected results dependent on whether the resistance is the same gene or different genes. 

We can identify whether the resistance is controlled by same gene or different gene in the two sources based on:


a. Phenotypic observation if we can able to accurately differentiate between resistance and susceptible plants for anthracnose


b. By using the molecular markers.

Consider the situation where resistance is controlled by two different genes:






If the resistance in these two lines is due to two different genes, then the plants in the F2 generation will segregate for anthracnose resistance. If the resistance is due to the same gene in both the parents, then all the F2 plants will be resistance to anthracnose as shown the following diagram.



By using the molecular markers:


· First, we need to create the mapping population by crossing the two sources of resistance to known susceptible tester. If the trait is not the complex quantitativ, then we can use the F2 population for mapping, if not then we need to obtain the recombinant inbred lines. So we will be having two mapping populations ie one with source1resistance X susceptible tester and source 2 X susceptible tester.


· Use the SSR markers.


· Create the genetic map.


· Analyze the QTLs using the QTL cartographer on the two populations differently.

Results:


If the QTL shown up on the two different chromosome for resistance or even if they shown on the same chromosome with large distance (cM) between the QTLs then we can conclude that the resistance is controlled by two different gene. But when the QTLs are found on the same chromosome close to each other within few cM distance, then we can conclude that the resistance is controlled by same gene. 


2. Write a succinct (1 page max) but descriptive case to justify funding for interspecific/ intergeneric hybridization for crop improvement.  This is not crop dependent and must describe why this work is important.  

Interspecific  or intergeneric hybridization is one of the most important tools in plant breeding for crop improvement. Interspecific hybridization is used to obtain the genetic variation in the population if we are running out of it. Intespecific crosses can be utilized to incorporate the novel genes to the elite cultivars. It is great technique to transfer the disease resistance genes into the domesticated or established cultivar. In wheat, crosses have been made between the wild relatives of diploid and tetraploid to obtain the synthetics which serve as a source of genetic variation. If we want to have the genetic variation by any means then interspecific or intergeneric hybridization is the great tool. This technology could also contribute to the development of biofuel crops. Domesticated crops have been greatly selected for their grain or forage crops. Interspecific hybridization helps the breeders to introduce the novel genes from other species that contribute to improved composition that are important to use that crop as biofuel crop.

Intergeneric or interspecific crosses are also used to develop the new cultivated species. For example wheat and rye were crossed to obtain the triticale which is utilized as a forage crop. Recently sourcane was developed by crossing sorghum and sugarcane that contain higher sugar content and produce high biomass for biofuel production.

Other advantages from intespecific and intergeneric crosses is developing the improved understanding of the genome structure, chromosome pairing and function of particular gene. We can use these crosses to create the chromosomal aberrations that are useful for studying the particular gene functions. For example in cotton, interspecific crosses are done for mapping the genes for fiber lingth and fiber strength. Even in rice there are many interspecific crosses developed to study the gene function.

Interspecific crosses are good to improve the breeding population but it will take longer time. So, specially public breeding programs like CIMMYT does the interspecific crosses particularly in wheat and it is not usually common in private sector.


In sum, there are many advantages of interspecific or intergeneric hybridization like introduction of novel genes to domesticated cultivar, create the genetic variation to reduce the genetic bottleneck, develop the new crop species and introduce the disease resistance gene into elite cultivar which benefit the crop improvement. All these benefits substantiate the funding for research in interspecific hybridization.

3. Due to political mandates that dictate we will not use “food” crops for biofuel, the fledgling biofuel industry is grasping for alternative plant species as sources of biomass for biofuel conversion.  Worldwide five prominently mentioned species are tropical sugarbeets, switchgrass, camelina, miscanthus and algae.  None of these crops have much commercial production but all have been widely publicized as the answer to our biomass production problems.  

a. What is your opinion of the political mandate that NOT use food crops as fuel sources?  


b. For the five species listed, how will it be used for biofuel production (ie, oil, ligncelluosic, starch, etc.).  


c. Of the five, which would you recommend for investment and development to someone interested in commercial sales of a crop.  Explain why. 


a. To be honest, I am still not convinced strongly to use food crops as fuel sources. Because, in some of the developing countries, especially in Africa, people are still suffering from hunger.  The world population in growing day by day and the agriculture land is not increasing. So, to feed this growing population we need to produce more food in addition to the existing food production. If at all if we use food crops like corn in US for fuel production, it might results in increase of food prices and become difficulty for the ordinary family to afford it. Live stock population might goes down because of the shortage of feed and forage. So, indirectly it will affect on human consumption. 

Suppose if we start producing the cellulosic ethanol and collecting the entire stalk in the corn grown areas and harvesting the sweet sorghum to the base of the plant, it will results in the decrease of soil fertility and might cause the soil erosion. To fulfill that fertility we need to apply more fertilizers, so it indirectly results in consumption of more petroleum products in addition to depleting the soil water.  If I remember the statistics correctly, It says that if we use all the corn produced in US for biofuel production, it might full fill the 10 to 30 % of the total fuel requirement of US. So, it is not that efficient or advantages to substitute food crops for fuel.

In my opinion, one of the best, ecofriendly, cost effective and highly economical way of alternative source of energy is the ‘wind energy’, generate electricity and develop the automobile’s that can run with electric power.


b. 1. Switch grass: Biofuel is produced out of the lignocelluloses.


2. Sugrabeet ; by using the starch stored underground, high in sugar content.


3. Camelina: By using the oil from the leaf (I don’t know more about this).


4. Miscanthus: Lignocellulosic

5.Algae: Oil

c. I would recommend the switch grass. Because it is one of the widely adapted perennial grass species which can be grown in marginal land without competing for the food crops and it is drought tolerant. The crop is propagated by seeds. It requires less cost inputs once the crop stand is established. Switch grass exhibits heterosis so the value invested in developing a hybrid can be captured.  

4. How do commercial companies integrate the transgenic and traditional breeding approaches?  


Commercial companies have the two crop improvement program running simultaneously. They use the high throughput genotyping as well as high throughput phenotyping to reduce the breeding population that will be evaluated in field.  With the transgenic they know the genes responsible for particular trait and they select the particular genotypes by using the markers or high throughput genotyping for as many traits as possible. Even they do the high throughput phenotyping (like analysis of composition, quality etc) in lab for 1000’s of seeds before they sent seed material for field evaluation. Once they did all these they will cut down the entries to minimum number so that they can evaluate in the field at as many locations as possible for remaining complex quantitative traits like yield and other traits that have low heritability. 

Commercial companies do have the line development, trait development and trait introgression program which they do by traditional breeding program. New inbreds are developed by traditional breeding program enter a backcross breeding program to insert the novel traits. They use the line containing transgene as donor parent and the inbreds as recurrect parent. Selection for the transgene is done by using the molecular marker (high throughput technology).

5. ALS and ACCase herbicide tolerance is being promoted for the sorghum industry. 


a. How was ALS herbicide resistance transferred to grain sorghum?

b. Should agriculturists/agronomists have any concerns regarding ALS herbicide resistance in sorghum? 


c. What should be the concern of the sorghum industry pertaining to the transfer of this trait to sorghum? 

a. ALS herbicide resistance was first identified in the mutants of wild relatives of sorghum and it was transferred to grain sorghum by trait introgression using the backcross breeding method.


b. Yes, agriculturalist or agronomist should know the benefit and consequences of using the herbicide resistant sorghum. It is not good to use the herbicide resistance sorghum until they make sure that it will not outcross with Johnson grass which is a major weed in sorghum growing areas.

c.Sorghum industry concern about risk of developing the herbicide resistance weed species. Since the sorghum easily outcross with the Johnson grass (Sorghum helepence) which is a major weed, there might be chances of herbicide resistant gene flow form sorghum to Johnson grass. They also concern about their product (herbicide resistant sorghum) approval until they guarantee that their product will not outcross with weeds or any wild relatives of sorghum.

6. Tell me about heritability.  Include in the discussion the types, how they are measured (with examples) and how they are used.  In the discussion, please explain how heritability estimate can be highly variable.  

There are two types of heritability estimates. 


a. Broad sense heritability: Defined as the proportion of the genotypic variance to the total phenotypic variance.


H2 = (2g  / (2p 

b. Narrow sense heritability: Defined as the proportion of the additive variance to the total phenotypic variance.



h2 = (2a  / (2p 

Heritability can be calculated by different methods:


a. Variance component method: This method is based on the analysis of variance of the known population structure. By obtaining the expected mean squares for different source of variation we can calculate the heritability for the particular trait. This will be of broad sense heritability. Various population structure like half sibs, full sibs, and RIL’s can be used while estimating the heritability by variance component method.

b. Realized heritability: It is the ratio of response to selection(R) to the selection differential (S) i.e. R/S. = Narrow sense heritability.

Where, 


‘R’ difference between the mean of the population and mean of the progeny population after selection.


S is the difference between the mean of the population and the mean of the selected individuals.


c. Parent- offspring regression method: By regressing the mean performance of the particular trait between parents and the offspring. The slope of the regression indicates the heritability ( h2 = 2b). It estimates the narrowsense heritanility.

d. Another method to estimate the heritability is by crossing the two homozygous parents as shown below.



AA
X
aa
- here we can obtain the environmental variation



F1
Aa
- here also we can obtain the environmental variation


F2
Segregates
- here we will be having both (2g   and  (2p.


from this we can calculate the genotypic variance and thereby we can obtain the broad sense heritability.

Heritability of particular trait is used to design the breeding experiments. Highly heritable traits are selected early in the generation and low heritable traits are selected in later in the generation like F5. Heritability also determines the how many progenies needed to evaluate for the particular trait. We need to use the more number of progenies for the trait with low heritability. It is greatly used in the indirect method of selection for multiple traits, where in we will select the one trait for another. So the secondary trait should have high heritability and correlation with primary trait.

There are several factors contribute to the variability of heritability estimates for the same trait. It depends on the environment, population size, parents of the population and method of estimation of heritability. 


7. On which continent were MOST of our major crops (and animals) domesticated?  Can you provide me with a logical reason as to why most of our domesticated plants (and for that matter, animals) came from this single continent?

Most of the major crops were domesticated in Africa and Asia (especially in Middle East countries) where we will find the ancient Egyptian civilization and Mesopotamian civilization. Here people developed agriculture and transitioned from being nomadic people to settle down and produce their own food. The main reasons for domestication of crops in these parts of the regions are:


a. Civilization: Ancient civilization started in the Fertile Crescent area which includes parts of North Eastern Africa and parts of Asia.

b. Climate: The climate in that area was highly conducive for growing the crops.

c. There was a permanent source of water for irrigation form rivers.

d. Fertile soil: Floods and volcanic eruption resulted in depositing the fertile alluvial soil for growing crops.


e. One of the most important advantages in Africa is; east to west axis and large area comes under the same latitude and therefore the same climate. So, it was easy to grow crops as the people moved from one place to another.


8. Describe the drought tolerance mechanisms in sorghum that make the crop more drought tolerant than most all other cereal crops.  Explain how the measurements that you are making relate to these traits.  

Sorghum is highly drought tolerance compared to other cereals for the following reasons:

a. Compared to other cereals like rice, sorghum has the higher leaf wax content.


b. Sorghum is a C4 grass species and photosynthetic mechanism of C4 crop is different from the C3 species like rice or wheat. Because the sorghum is a C4 species, it has the ability to concentrate and fix the CO2 in the bundle sheath cells. The CO2 fixed in bundle sheath cells is four times greater than the ambient CO2.  This mechanism helps to reduce the stomatal conductance and loss less water during the period of water stress. Even though, there is reduced stomatal conductance, sorghum plants can carry out CO2 assimilation i.e photosynthesis due to high concentration of CO2 in the bundle sheath cells under water stress. This mechanism makes the sorghum different from other C3 cereals.

c. Drought tolerance mechanism in sorghum is also influenced by its centre of origin and evolution.  Since it originated in Africa, where it undergo series of selection under water and heat stress for millions of years, changes the genetics and physiology of sorghum well adapted to drought conditions.

I made the measurements on CO2 assimilation rate, stomatal conductance, chlorophyll concentration and stomatal density etc under different water stress condition . Using these measurents we can calculate the transpiration efficiency which is the ratio of CO2 assimilation rate to transpiration rate. If the ratio is higher it indicates that, plants produce more biomass for every unit of water it lost. Because, it fixes higher concentration of CO2 in bundle sheath cells which can be utilized for photosynthesis under reduced transpiration. Higher the concentration of chlorophyll results in higher photosynthesis. Stomatal concentration in both upper and lower leaf influences the rate of stomatal conductance.  We are speculating that all these physiological parameters influence the pre-flower drought tolerance in sorghum by enhancing the rate of photosynthesis and reducing the water loss through stomata under water stress conditions.
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