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Angiosperm Seeds and Seed Germination

During this laboratory period and beyond, you will start examining the external form of some representatives of the Anthophyta (the flowering plants--the angiosperms aka Magnoliophyta), the most prominent group of plants today. You will become familiar with the structure and function of a seed and the various organs of the seedling plant body. You will begin to recognize differences that exist between these parts in two classes (Liliopsida--the monocots aka Monocotyledonae, and Magnoliopsida--the dicots aka Dicotyledonae). Taxonomy is filled with synonyms...sorry!

Resources for this exercise include:

Your lab kit, snap or snow peas in the pod, razor blades, Petri dish lid, forceps
Seeds soaked overnight (Phaseolus vulgaris) or for two days (Zea mays)
Legume and corn seedlings at various stages of development

Lettuce seeds, R/FR boxes, lamps, Petri Dishes, FP, foil, 1 mM GA, dH2O, pipettes
I2KI solution (5 g I2 + 10 g KI / 100 mL dH2O) in dropper bottle

Sudan IV solution (1 g Sudan IV + 100 mL EtOH) in dropper bottle

Methylene Blue solution (0.15 g Methylene blue + 100 mL dH2O) in dropper bottle

Observe the seeds of beans and popcorn. Using your resources, make labeled sketches of the parts of these seeds. After looking at the exterior of the seed, open it by removing the seed coat with forceps, razor blade, etc. Dissect to find all parts. Be sure to learn appropriate vocabulary from the word-list. To check for the presence of starch, a solution labeled I2KI is available. To check for oil, Sudan IV is available. For active respiration, a solution of methylene blue is available. Make LARGE sketches (exterior, interior, etc.) of a each seed and label completely.

Show how a seed is connected to its fruit in pea, Pisum sativum.

fruit wall

funiculus

seed

External Structure of Soaked Legume
External Structure of Soaked Corn

seed coat
fruit+seed coat

raphe
endosperm

hilum
cotyledon

micropyle
embryonic axis
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Tear off the seed coat from a pre-soaked bean seed. The legume embryo with two cotyledons and an embryonic axis will be revealed. Cut four slices of one cotyledon and four slices of an embryonic axis (hypocotyl + radicle).  Pair up cotyledon and axis slices for the four treatments. Apply the treatments to the cut surfaces to coat the entire cut surface, wait 30 seconds or so, then rinse them with water. The control should be treated with water only. Record the results here.

	Control
	I2KI
	Sudan IV
	Methylene blue


The I2KI solution should turn starch black (a brownish result is a negative outcome!). The Sudan IV solution should be taken up into oleosomes in the cut cells leaving dark pink areas after rinsing (fainter pink areas show less-positive results). Methylene blue is taken up and turned dark blue-green into cells with active metabolism (the dye responds to electrons from the ETS system of active mitochondria), less-blue areas have less-active metabolism.

Which area has more starch storage?   cotyledon slice     same     axis slice  
Which area has more oil storage?   cotyledon slice     same     axis slice  
Which area has more-active metabolism?   cotyledon slice     same     axis slice  
Now, slice open two soaked popcorn seeds longitudinally to bisect the cotyledon and embryonic axis. This slice should give two mirror images showing the seed coat, aleurone, endosperm, and embryo (including cotyledon, epicotyl and hypocotyl and radicle). Treat and rinse as you did for the legumes above. Record results in the four areas of each of the four sketches below.

	Labels:

Seed coat

Aleurone

Endosperm

Embryo
	Control
	I2KI
	Sudan IV
	Methylene blue


Which area has much starch storage?   seed coat     aleurone     endosperm     embryo  
Which areas have much oil storage?   seed coat     aleurone     endosperm     embryo  
Which area have active metabolism?   seed coat     aleurone     endosperm     embryo  
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Seed Germination in Lettuce

Lettuce (Lactuca sativa ‘Salad Bowl’) seeds require light to germinate and use phytochrome to determine whether light is available or not. Prepare four 10 cm Petri dishes with a 9 cm filter paper and 5 mL of distilled water. Count out four groups of 50 (be precise!) lettuce seeds on note cards. Write the treatment name and your group name on the bottom of each dish. You can sow the seeds in the prepared dishes for white, red, and far-red light treatments. For the dark control, you will have to sow the seeds and wrap the dish properly in a sheet of aluminum foil within 10 seconds of the first seed hitting the moist filter paper! The instructor will demonstrate how to do this. The dishes will be placed under illumination as demonstrated by the instructor.

	Light
	# at 3 days
	%G at 3 days
	# at 4 days W
	Total at 4d W
	Total %G

	White
	
	
	
	
	

	Red
	
	
	
	
	

	Far-Red
	
	
	
	
	

	Darkness
	
	
	
	
	

	GA + Far Red
	
	
	
	
	

	GA + Darkness
	
	
	
	
	


At 3 days, the greatest % germination was in   white     red     far-red     darkness  

At 3 days, the lowest % germination was in   white     red     far-red     darkness  

At 3 days in far-red, the % germination was less than in   white     red     dark   control.
The form of phytochrome that stimulates germination is   Pr     red     Pfr    far-red  

After 4d of white light, the seeds that failed to germinate in far-red light___________________.

Gibberellic acid increased the % germination the most in   far-red    darkness    both    neither  .

In the greenhouse you had a practical application of our knowledge on seed germination, comparing the germination of two species with think seed coats: lettuce and pea. Record our results here.

	
	Lettuce
	Peas

	% Germination of seeds planted at soil surface
	
	

	% Germination of seeds planted 4 cm deep in soil
	
	


Pea plants that did sprout when planted at the surface were unusually:
.

It appears that   lettuce     pea   germination is stimulated by light.

It appears that   lettuce     pea   germination is stimulated by darkness.
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Continue your observations of various stages of seed germination found in your dicot. 

The bean plant shows these features:

  cotylespermous      endospermous      hypocotylespermous  
  dicotyledonous     monocotyledonous  
  anisocotylous      isocotylous      irrelevant  
  antitropous      syntropous      irrelevant  
  bent      linear  
  accumbent     incumbent  
  cryptocotylar (hypogeous)      phanerocotylar (epigeous)  
Continue your observations of various stages of seed germination found in your monocot. 

The corn plant shows these features:

  cotylespermous      endospermous      hypocotylespermous  
  dicotyledonous     monocotyledonous  
  anisocotylous      isocotylous     irrelevant  
  antitropous      syntropous     irrelevant  
  bent      linear  
  accumbent     incumbent  
  cryptocotylar (hypogeous)      phanerocotylar (epigeous)  
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Seeds and Seedling Vocabulary

The words below will help you in studying the living seeds and seedlings as well as prepared slides, etc. available in class today. In each category of vocabulary, you should indicate what the characteristics of your two legume types are. We will use these character states in doing a cladistic analysis of the legumes later in the course. Please be very careful in assigning the character states as this information must be 100% reliable for our cladistics lab! Remember that in some of the categories below, your seed might not exhibit any of the character states listed, so "normal" would be how you would refer to the character.

Fruit: the mature ovary wall, generally containing seeds

Funiculus: stalk by which seed is attached to placenta in fruit

Seed Surfaces

Alate: winged

Circumalate: winged circumferentially

Comose: with a tuft of trichomes

Coronate: with a crown

Crested: with an elevated ridge or ridges; with raphe

Umbonate: with distinct projection usually from the side

Verrucose: warty

Seed Parts

Aril: fleshy outgrowth of funiculus, raphe, or integuments (seed coat)

Embryo: young sporophyte consisting of epicotyl, hypocotyl, radicle, and one or more cotyledons

Endosperm: food reserve formed from syngamy of central cell and sperm

Hilum: funicular scar on seed coat

Micropyle: hole through seed coat for delivery of sperm cells

Raphe: ridge on seed coat formed from fused funiculus

Seed Coat: hardened integuments of ovule, protective covering of seed

Embryo Parts

Coleoptile: protective first leaf sheath surrounding epicotyl in grasses

Coleorhiza: protective sheath around radicle in grasses

Cotyledon: embryonic or seed leaf

Epicotyl: apical end of embryo axis above cotyledon

Hypocotyl: embryonic stem below cotyledons

Mesocotyl: embryonic stem axis between scutellum and coleoptile in grasses

Plumule: leaves of epicotyl in seed

Radicle: basal end of embryo axis, becoming root

Scutellum: the cotyledon in grasses

Seed Types

Cotylespermous: food reserve in cotyledon

Endospermous: food reserve in endosperm

Hypocotylespermous: food reserve in hypocotyl

Cotyledon Number

Monocotyledonous: one cotyledon

Dicotyledonous: two cotyledons

Cotyledon Size

Anisocotylous: unequal cotyledons

Isocotylous: cotyledons equal in shape and size

Radicle Position

Antitropous: radicle pointing away from hilum

Syntropous: radicle pointing toward hilum

Embryo Types

Bent: embryo with cotyledons folded back along the hypocotyl/radicle.

Broad: basal globular or lenticular embryo surrounded in endosperm

Capitate: basal head-like embryo surrounded in endosperm

Dwarf: embryo small compared to seed; seed in 0.2 to 2 mm long

Folded: embryo with thin extensive cotyledons folded and pleated in various ways

Investing: embryo with thick cotyledons as major portion with limited endosperm

Linear: axial embryo several times longer than broad, with thin cotyledons

Micro: axial embryo in minute seeds less than 0.2 mm long, occupying most of seed

Peripheral: embryo pressed along side of seed coat, remainder is endosperm

Rudimentary: undifferentiated embryo in copious endosperm

Cotyledon Position

Accumbent: with cotyledon edges against hypocotyl

Incumbent: with cotyledon sides against hypocotyl

Seedling Types

Cryptocotylar=hypogeous: cotyledons remaining in seed and usually below ground

Phanerocotylar=epigeous: cotyledons emergent from seed and appearing above ground

Seedling Parts

Adventitious root: a root arising from stem, petiole, or leaf tissues

Cataphyll: rudimentary scale leaf in cryptocotylar species

Collet: external demarcation between hypocotyl and root

Eophyll: the first few green leaves developed by seedlings in transition to adult leaves

Lateral root: a branch root, a secondary root, arising from root tissue

Leaf primordia: young leaves having unexpanded blades

Metaphyll: adult leaves

Primary root: derived from radicle

Root apex: root meristem including terminal root cap

Root hair: epidermal cells of a young root extending outward among soil particles

Shoot apex: shoot meristem with leaf primordia
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