
Lab exercise, Maize genetics workshop, March 10, 2004

The goal of this exercise is to let you look at a few common grasses and to compare them to what you know about maize.  You will see that in many ways they are quite similar, reflecting the shared evolutionary history of the grasses, but there are also differences reflecting diversification over the last 50 million years.  

Today we have examples of wheat (Triticum aestivum), sorghum (Sorghum bicolor), gamagrass (Tripsacum dactyloides), rice (Oryza sativa), and pampas grass (Cortaderia selloana), along with some scruffy maize tassels for comparison. 

I.  Leaves.  All grasses have similar leaf morphology, in which the leaves are divided into sheath and blade, with the junction (collar) marked by a ligule and sometimes auricles.  

A.  Ligule.  The species differ in the structure of the ligule.  Looking at leaves from all species, you will see that most of them have ligules that are thin membranes.  One, however, has a ligule that is a fringe of hairs.  Which one is it?  

Cortaderia (subfamily Danthonioideae; Arundinoideae in older classifications) has a ligule that is a fringe of hairs.  This characters is common in the danthonioids and chloridoids but turns up sporadically in other groups.  

One species that we do not have represented today is barnyard grass (Echinchloa), which is a common weed in maize fields and rice paddies.  It lacks ligules entirely, and its leaves resemble the liguleless mutants that Sarah Hake described on Monday.

B.  Auricles.  Dave Jackson and Sarah Hake described maize auricles on Monday. What is the shape of the auricles in rice?  How is that different from the auricles in the other species?
In the classical taxonomic literature, the term auricle is used only for the long projections seen in rice and in some relatives of wheat.  Using this narrower definition of the term, grass taxonomists would say that maize does not have auricles.

C.  Midrib. The species also differ in the prominence of the midrib.  Which ones have obvious midribs?  Try tearing or cutting a cross section of the midrib of several of the species.  Can you see differences in the cellular structure?  

The rice midrib has lots of air-filled spaces, as you might expect for a species that tolerates flooding.  The midrib in wheat is not particularly prominent.  

D.  Vein spacing.  If you have time, try using a razor blade to do a freehand cross section of one or more of the leaves.  What differences do you see in vein spacing?  

The veins in the leaves of wheat, rice and pampas grass are much more distantly separated than those in sorghum, Tripsacum and maize.  Vein spacing correlates perfectly with the development of the C4 photosynthetic pathway.  C4 species have veins that are close together.

II.  Stems

Cut cross-wise through the stem of the grasses.  What are the differences among the cross sections?

Pooideae have hollow stems, whereas solid stems are common in Panicoideae, especially tribe Andropogoneae.

III.  Inflorescences.  

A.  Branching.  Evolution has played with grass inflorescences and spikelets, so there is a lot of variation to look at.  Look first at the overall architecture of the inflorescences of the plants you have.  How many branches do they have?  Which branches look similar to the long branches of the maize tassel?  How does the architecture of wheat  compare to the architecture of sorghum?  Do all the inflorescences have polystichous phyllotaxy like maize?
Grasses vary in the number of times each branch itself branches, in the number of branches at each order of branching, and in the amount of elongation of the branches.  Most textbooks will describe grass inflorescences as spikes, racemes or panicles, but the inflorescences really do not fit well into those categories.  Of the species you have, which is unbranched?  Which produce only one order of branching?  Which produce multiple orders?  Is there variation in the pattern of branch elongation?  (Temporarily ignore spikelet pairs – just look a the long branches.)
All Pooideae have distichous phyllotaxy in their inflorescence.  Having unbranched inflorescences is characteristic of the tribe Triticeae (Pooideae), although this inflorescence form is independently derived in other groups.  

B.  Spikelet pairs.  Maize spikelets are arranged in pairs, one sessile and one pedicellate (check the maize tassel and be sure you can find each of these).  Can you find pairs of spikelets in Tripsacum and sorghum?
Only part of the Tripsacum inflorescence has spikelet pairs at maturity.  Can you tell what the difference is between the two parts (other than spikelet pairing)?  

In sorghum, the pedicellate spikelet is very much smaller than the sessile one. 

Now look at the other species.  You should be able to convince yourself that they do not have spikelet pairs.  Only a subset of the grasses have spikelets in pairs.  The group with spikelet pairs occurs in the subfamily Panicoideae, tribe Andropogoneae, and includes maize, Tripsacum, sorghum, and sugar cane, as well as about 1000 other species.

C. Spikelets.  The word spikelet means “little spike,” emphasising the branch-like nature of the spikelet.  The first two bracts on the spikelet branch are called glumes, one of which is inserted lower on the branch than the other.  These are sterile structures, with no buds in their axils.  Above the glumes are one or more flowers (florets), each composed of a lemma, palea, lodicules, stamens, and a pistil. The structure and shape of the glumes and lemmas varies a lot among the 10,000 species of grasses.  

Dissect the spikelets of the grasses you have and look for similarities and differences.  

1.  Sex expression.  Which species have male and female structures in the same flower?  Which ones have unisexual flowers?  Which species has some flowers bisexual and some unisexual?

Most grasses have male and female organs in the same flower.  Unisexual flowers occur in the genera Zea and Tripsacum.  Other species with entirely unisexual flowers are not related to Zea.  What do you think that this means for how you make a cross in other grasses?

2.  Number of flowers per spikelet.  How many flowers are in the spikelet of each species?  Be careful on this one – in some species, a flower will be reduced to just a lemma.  
All grasses in the subfamily Panicoideae have two flowers per spikelet, with the lower one generally reduced and staminate or sterile.  This characteristic was observed about 200 years ago by the English botanist, Robert Brown.  Developmental studies have shown that the flowers mature from the top down in the 2-flowered spikelets, whereas they mature from the bottom up in multi-flowered spikelets.  

3.  Spikelet compression.  Grass spikelets may be compressed laterally, so that the glumes and lemmas are folded along their midvein, or dorsiventrally, so that the glumes and lemmas lie flat like a sandwich over the floral organs.  Of the species you have, which are laterally compressed?  Which are dorsiventral?  Which aren’t compressed much at all?  
Most Panicoideae are dorsiventrally compressed, whereas most other grasses are laterally compressed.  

4.  Spikelet disarticulation.  Roll an inflorescence branch in your hands or roll a dissecting needle over it and see where it breaks.  Does the location of disarticulation vary among the species?  

Most cultivated species (like maize) have been selected not to scatter their seeds.   This was thought to be one of the first characters selected during domestication.  (You should be able to guess why this is so.)  However, even many domesticated species drop their seeds eventually.  The pattern of disarticulation is consistent among broad groups.  Thus many Andropogoneae (e.g. Tripsacum) have a disarticulating inflorescence stalk (rachis).  Virtually all Panicoideae disarticulate below the glumes (like sorghum) – the whole spikelet falls off as a unit.  Most other grasses disarticulate above the glumes, such that the flowers fall off but the glumes remain on the plant.

5.  Lodicules.  Grasses vary in the structure of their lodicules.  Recall that lodicules are the little structures in the position of petals that force spikelets open at maturity.  They are flimsy and often tear when you dissect them.  Try to find the lodicules in the species you are looking at – at least try to find the ones in wheat and sorghum.  How are they different?  

Subfamily Pooideae (which includes wheat, barley, rye, oats) has lodicules that are thick at the bottom, but elongate and membranous at the top.  They are not vascularized.  Most other grasses have lodicules that are short and thick, like those in maize.  These short thick lodicules often have a couple of vascular traces.  Most grasses have only two lodicules, but the bamboos and basal grasses have three; the ancestral condition is thought to be three.

6.  Stamens and carpels.  How many stamens do these species have?  How many stigmas?
All the species we are looking at today have three stamens, but other grasses, including rice, have six.  Most grasses have two stigmas including those you are looking at today; maize is peculiar in having only one.  Some grasses have three stigmas, and this is thought to be the ancestral condition.   
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