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Introduction

Sorghum bicolor is one the most widely utilized crops throughout the world; its grain is used as human food and animal feed while the forage is valued as animal fodder.  Sorghum breeding over the last century has led to improvements in grain quality and yield.  Between 1920 and 1998, sorghum grain yield rose from 21.8 bu/A to just over 66 bu/A in the United States (Smith 2000).  


Genetic improvement in crops is achieved through genetic variation present within a species (Sharma 1995).  Within Sorghum, the use of hybridization has been a tool by which breeders can recombine the genome in various configurations.  Inbred development and ensuing hybrid production has been practiced in Sorghum, through selective breeding, to exploit genetic diversity.  


Additional opportunities to improve a crop are facilitated by introgression or movement of genes across species.  Interspecific hybridization is used in crops (such as wheat, corn, and sorghum) to move genes or traits that either enhance the crops potential or protect the intrinsic value of the crop.


Recent interspecific hybridization of S. bicolor with divergent sorghum species has produced diversity not previously seen within the Sorghum genome.  Increased diversity has potential to improve current drought and pest tolerance as well as other desirable agronomic traits.  Resulting studies have revealed possible intergeneric hybridization of sorghum with other species within the grass family (Sharma 1995).


Problem Statement:



Pollen tube growth inhibition is a major barrier to interspecific and intergeneric hybridization in sorghum (Hodnett et. al.2005).  Price et. al.(2006) screened a series of material and identified a specific line that lacks this trait and facilitates much higher rates of hybridization.  Further development of this stock led to the production of Tx3361 (Kuhlman 2007).  The development of the afore mentioned genetic stock has been named Tx3361.  Determining the ability of Tx3361 to hybridize outside of the Sorghum genus will provide valuable data for future genetic potential and possible advancement of the species.  The objectives of this study will be:


1. Perform intergeneric crosses using Tx3361 and ATx623 with species belonging to genera within Poaceae to analyze foreign pollen tube growth.


2. Compare foreign pollen tube growth in Tx3361 and ATx623 to determine the relative effectiveness of iap , allowing foreign pollen to germinate and grow on sorghum stigmas.


Review of Literature


Taxonomy of Poaceae


The grass family Poaceae is divided into seven subfamilies based primarily on taxonomy.  The seven subfamilies Bambusoideae, Oryzoideae, Pooideae, Panicoideae, Arundinoideae, Chloridoideae, and Centothecoideae are further subdivided into roughly 40 tribes composed of between 600- 750 genera depending on taxonomic criteria (Mathews et. al. 2000).  Arguably the most important subfamily with regards to human sustenance is Panicoideae.  Aside from being consumed by most of the human population on a daily basis (Mathews et. al 2000), Panicoideae species are spread through out most of the world.  They are found on all human inhabited continents and they are prevalent within the warm, temperate regions of the world.  Corn (Zea mays), sorghum (Sorghum bicolor), sugar cane (Saccharum officinarum) and pearl millet (Pennisetum glaucum) are just a few of the species that make this grass sub family so vital to our existence (Giussani et. al. 2001).


Among this family, numerous forms of sexual reproduction are employed for procreation of the respective species.  There are species within the family that propagate either vegetatively or via apomixis; in these species, sexual reproduction is rare.  In many others, sexual propagation via self pollination and/or cross pollination is the primary means of reproduction.


Mechanisms of Sexual Incompatibility



Sexual reproduction in plants relies on complex interactions between the pistil and pollen tubes (Lord and Russell 2002).  The pistil is composed of female reproductive organs; stigma, style, and ovary.  Each pistil contains two stylodia with the upper part of each stylodia constituting a stigma.  Secondary stigma branches protrude outward from each stigma creating pollen binding sites (Heslop and Harrison 1982).  The style is part of the stylodia but contains no secondary stigma branches.  The style connects the stigma with ovary (Heslop and Harrison 1982).  Unfertilized eggs are in an embryo sac encased by an ovule and located within the ovary. Pollen tubes grow directionally from the stigma to the ovary (Cheung 1996).  Due to uniformity within the Grammineae family, these findings can be generalized to all geneses within the family (Heslop and Harrison 1982).



Pollination is initiated the moment pollen adheres to the surface of secondary stigma branches (Cheung 1996).  Following adhesion to the stigma, pollen grains are hydrated by imbibition of exudates from the surface of secondary stigma branches and germination begins.  Protrusion of pollen tubes from pollen grains completes the process of germination (Heslop and Harrison 1982).  After germination pollen tubes penetrate secondary stigma branches and enter the extra cellular matrix (EMC).  Pollen tubes will grow within the EMC until they enter the embryo sacs (Cheung     ).  Each pollen tube follows a path within the pistil which leads from secondary stigma branches to the stigma.  After entering the stigma pollen tubes are guided through the style and eventually into the ovary (Edlund, Swanson and Preuss 2004).  Upon entering the ovary, pollen tubes will enter an embryo sac through the micropyle.  The micropyle is a small opening in the ovule controlling orientation of pollen tube entry into the embryo sac.  The micropyle also regulates the number of pollen tubes entering the embryo sac.  Once within the embryo sac the pollen tube will rupture, releasing male germ cells and completing fertilization (Cheung 1996)


Fertilization is impossible if the pollen tubes fail to reach embryo sacs due to reproductive barriers (Heslop and Harrison 1982).  Multiple barriers exist within pistils to eliminate undesired pollen tube growth and thus eliminating possible pollination (Cheung 1996).  These barriers begin at secondary stigma branches where pollen tubes can be denied entry into the pistil.  Growth may also be ceased within stylodia or the upper ovary wall.  Once inside the ovary pollen tubes must still enter the micropyle for fertilization to occur (Heslop and Harrison 1982).  Pollen tube entry into the micropyle is guided by female gametophytes (Lord and Russell 2002).  The location and strength of pollen rejection varies from species to species.  Failure of alien pollen tubes to grow through the stigma and style has been reported as the main barrier between interspecific crosses within Sorghum (Hodnett et. al. 2005).  Rejection has also been observed to be affected by individual genotypes within a population (Heslop and Harrison 1982). 


A second reason that interspecific and intergeneric crosses commonly fail is due to embryo abortion after fertilization (Heslop and Harrison 1982).  In many cases, the abortion is due to endosperm breakdown (Price et. al. 2006).  It is possible to rescue embryos cultured in vitro, as was done by Price (2006) in his experiment to create interspecific hybrids within the Sorghum genus.  Pre- and post- fertilization barriers vary in strength and location between species.  Overcoming these barriers can be achieved through scientific progress and application (Sharma 1995).

Interspecific and Intergeneric Hybridization in Sorghum

Wide hybridization in plant breeding is considered to be a useful tool for creating new species, gene transfer or induction of haploids but little remains known about the possible range of wide hybridization in cereals and small grains (Zenkteler and Nitzsche 1983).  


Harlan et. al. (1973) suggested the use of gene pool classifications to uniformly discuss the genetic compatibility within cereals.  Gene pools were designated: primary, consisting of genes of plants within the same species; secondary, genes of plants within the same genus; and tertiary, genes of plants within the same family.  The primary gene pool consists of races that can be readily crossed with the crop of interest and produce viable progeny with reasonable segregation.  Crosses to plants within the secondary gene pool can be made but gene flow is restricted.  These crosses, also known as interspecific crosses, yield plants with low fertility, high levels of mortality, and poor chromosome pairing.  Harlan et. al. (1973) stated “genes can be transferred from the secondary to the primary gene pool but one must struggle with those barriers that separate biological species.”  Tertiary gene pool crosses yield lethal hybrids with absolute sterility.  In these situations, introgression is only possible through cytological manipulation. Hybridization attempts of plants within the tertiary gene pool are known as intergeneric crosses (Harlan et. al. 1973).


Hybridization of germplasm within a species gene pool has traditionally been used to improve specific traits of the respective crop (Duncan et. al., 1991).  Interspecific hybridization is a way to introgress genes from wild species into cultivated species of the same genus.  Introgression utilizes desirable genes to improve the crop (Sharma 1995).



Reproductive barriers often exist between divergent relatives and crop species that make interspecific hybridization difficult to achieve (Hodnett et. al.2005).   Overcoming these reproductive barriers is essential in achieving interspecific crosses between Sorghum bicolor and its wild relatives.  One way to minimize these barriers is to screen for accessions of Sorghum that don’t appear to have them. (Price et. al. 2006).  Laurie and Bennett (1989) used a screening method approach in which they examined accessions of S. bicolor, S. caffrorum, s. cernuum, S. dochna, S. durra, S. nervosum, S. halepense, S. verticilliflorum, and S. versicolor pollinated with Zea mays (L.).  Laurie and Bennet (1989) recovered a S. nervosum accession (Nr481) in which the maize pollen grew into a limited number of styles.  Analysis of additional Nr481 genotypes revealed the presence of the dominant allele of the gene (Iap), inhibited maize pollen tube growth within the styles of S. nervosum. Further testing of Nr481 revealed homozygous recessive (iap,iap) variants that allowed maize pollen tube growth into the styles.  



The discovery of iap, has increased the frequency of interspecific hybridization in sorghum. Price et. al (2006), reported successful hybrids using S. bicolor (iap,iap) as the female parent with S. angustum, S. nitidium, and S. macrospermum as the pollen donors.  While some required embryo rescue, the rate of success in this system was at least two orders of magnitude higher (Price et. al., 2006).  Kuhlman (2007) recreated the S. bicolor (iap,iap) x S macrospermum and then successfully made backcrosses to S. bicolor in an attempt introgress genes from S. macrospermum into cultivated sorghum.  Ultimately, introgression was documented, proving that it was possible to introgress significant regions of alien genome into S. bicolor (Kuhlman et. al., 2008).



Prior to the introduction of the iap allele, intergeneric crosses with Sorghum bicolor have been unsuccessful (Kuhlman et. al. 2008).  The production of viable interspecific hybrids has been rare, typically less than 1 in 10,000 crosses has produced viable hybrid plants.  Pollen tube growth studies performed by Hodnett (et. al. 2005) revealed that barriers to interspecific hybridization were pre zygotic.  By removing the pollen pistil incompatibilities, germination and growth of alien pollen into the ovary has been seen (Hodnett et. al. 2005).


Development of Tx3361


A mutant gene within sorghum was identified by Laurie and Bennet (1989).  The mutant gene named iap (Inhibition of Alien Pollen) was shown to allow pollen tube growth of maize when crossed onto S. bicolor having homozygous recessive iap alleles.  Although no sorghum x maize hybrid was recovered, Laurie and Bennet named the iap accession Nr481.  Price et. al. (2006) determined that iap mutant sorghum removes the reproductive barrier which isolates it from its wild relatives and allows for the production of interspecific hybrids.  Breeding and analysis of Nr481 by Kuhlman (2007) showed successful introgression of iap as well as ms3 genetic male sterility into S. bicolor, named Tx3361.  Kuhlman (2007) utilized backcrossing of Tx3361 x S. macrospermum to introgress genomic regions of S. macrospermum into Tx3361, proving the utility and ability of iap in wide hybridization of S. bicolor.

Material and Methods

Plant Material



Multiple accessions from various species within the genera Pennisetum, Sorghastrum, Miscanthus, and Zea will be used as pollen donors.  Material for pollen parents will be obtained through the National Genetic Resources Program (GRIN) as well as various plant breeding programs within the Texas A&M University System.  Tx3361ms3 and ATx623 will be used as the female parents.  Plants will be maintained in a greenhouse with Tx3361 and ATx623 isolated to prevent contamination of undesired pollen.


Pollen Tube Observation Method



Pollination procedure will follow guidelines performed by Kuhlman (2007) in which sterile Tx3361 and ATx623 florets will be dusted with freshly collected pollen from male donors no more than two days after anthesis.  Pollinated florets will be harvested 24 hours after pollination and place in a 3:1 ((95% ethanol: glacial acetic acid) fixative for a minimum of one week.  Extraction of pistils from florets will be done using a dissecting microscope prior to processing.  Procedure for processing will follow a modified version of the protocol described by Kho and Baer (1968) and used by Hodnett et. al. (2005) and Kuhlman (2007).  The process calls for pistils to be softened overnight in 0.8M NaOH followed by staining using 0.025% analine blue in 0.1M K2 PO4 for 30 minutes.  Pistils will then be mounted on slides for observation using flouresence microscopy.  Data taken will be; total number of pollen grains, number of pollen grains that germinate and distance through the pistil that each pollen tube grows.  Distances to be measured will be growth into secondary stigma branches, growth into stigma axis, growth into style, as well as growth  1/4, 1/ 2, and to the base of the style and into the ovary.

Experimental Analysis

Data will be analyzed by comparing the number of pollen grains present, the percentage of pollen germination and level of growth through the style.  These observations will then be compared within accession, across species within a genus, and between genera per female as well as between female parents.  Statistical correlation of the data will be determined using SAS 9.2 software.
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