Plant Microtechnique — BIO 4920 "qu'/‘ gA'SSOUR'
David Bogler and Richard Keating OTANICAL
GARDEN

Introduction to Laboratory

Collecting material, fixation, basic sectioning and staining techniques
Leaf characters — Morphology, anatomy

Stem characters - Tissue embedding and sectioning

Microtome sectioning and staining

Wood characters — Anatomy, properties, evolution, identification
Flower, fruit, and seed characters

Scanning Electron Microscopy — Theory

Scanning Electron Microscopy - Practice

Pollen Analysis — morphology, terminology

Pollen Analysis - Applications

Cytology - Chromosome numbers and taxonomy

Cytology — Karyotypes, polyploidy, meiosis

Preparing posters and presentations

Final Class Presentations
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Dasylirion leiophyllum, Big Bend N.P. Dasylirion berlandieri, Nuevo Leon




Nolinaceae (APG3 = Asparagaceae, Nolinoideae

Nolina

Beaucarnea

Calibanus
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Dasylirion n = 19



ITS1 and ITS2

Strict Consensus
4 Trees

979 Steps

Cl =0.659

Rl =0.815

Combired Data:
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ITS1 and ITS2

0 Polianthes  geminiflora
1 Polianthes  prindei

1

L1 Prochnyanthes ~ mexcana

L1  Manfreda scabra

Manfreda virghica
Agave americana
4 Agave atteruata
Agave lechuguilla
4 Agave dasyirioides
Agave striata
2_Beschorneria  albifora
O Beschorneria yuccodes
0 Furcraea pubescens
13 12— Hesperaloe  funifera
9 Hesperaloe  parvilora
L5 Yucca whippei
8 Yucca elata
100 L Yucca trecueana
Camassia  sciloides
Hosta ventricosa

Agavaceae

Hyacinthaceae

Funkiaceae

2 &

Cordyline terminais
Dasykion  berlandieri
Dasykrion  longissimum
Dasykion texanum
Dasykrion  wheelen
Beaucarnea  purpusi
Beaucarnea recurvata
Calibanus  hookeri
Nolina  lindheimeriana
Nolina.  nelsonii
Nolina  parviflora
08 Draceena marghata
Sansevieria  trifasciata

L2 |irope muscari

2 Maiarthemum  racemosum
6 Aspidistra  elatior

2 Polygonatum  biforum

Astelaceae

Nolinaceae

I Dracaenaceae

Convalariaceae

Asparagus offichalis Asparagaceae

125

Xanthorhoea  sp
Aloe bainesii

Xanthorrhoeaceae

Asphodelaceae

Bogler and Simpson. 1996. Amer. J. Bot. 83: 1225-1235.



Leaf variation in Dasylirion
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Dasylirion - Pistillate and Staminate Flowers




Rolf Dahlgren
(1932-1987)

The Families of the Monocotyledons,
Dahlgren, Clifford, and Yeo, 1985
System based on work of Huber, 1969
Examined micro-characters of seed coat,
cuticle, endosperm, embryo etc
Monocots derived from Dioscoreales-like
dicot ancestor
Liliiflorae divided into major groups
Dioscoreales - 7 families
Asparagales - 31 families
Liliales - 10 families
Melanthiales - 2 families




Rolf Dahlgren
1980s
Microcharacters
“Lacrymograms”
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Combined
rbcL and ndhF
Sequence data

<50

<50

Core

Asparagales <50

55

100
56

71

<50

95

100

s
94 Doryanthes

L g/aﬂo’/ora’/‘}a/
rpeaium
o ‘}-'r/'l/7/a//;a
Lilium
Tuljpa
Smilax

W 100

Tritlium
Veratrum
Uvularia

—— 50 changes

Amaryllis

Xanthorrhoea

Phormium

Astelia
75 Milligamia
a5 100 Curculigo
Hypoxis

Echeandia

Anthericum
Behnia

Herreria
Camassia
Chlorogalum
Hosta
Polianthes

Anemarrhena

Muscari
Scilla
Bowiea
Albuca
Brodiaea
Milla
Tritelera
Aphyllanthes
Danae
Ruscus
Dracaena
Maranthemum
Polygonatum
Aspraistra
Calibanus
Peliosanthes
Eriospermum
Asparagus
Myrsiphyllum
Hemiphylacus
Arthropoadium
Lomandra

Clivia

Galanthus

Allium
Gilliesia

Agapanthus

Aloe
Aniphofia
Asphodelus

Djanella

Liliales

Leucocrinum
Chlorophytum

Anthericaceae

Behniaceae
Herreriaceae

Agave

Agavaceae

Anemarrhenaceae

Hyacinthaceae

Themidaceae

Aphyllanthaceae

Convallariaceae
(= Ruscaceae)

Dasylirion

Asparagaceae

Laxmanniaceae
Amaryllidaceae

Alliaceae
Agapanthaceae

K = R [ BN [T B8 RN (2SA7) ( Ess B 6 RNSRNY

Lower
Asparagales
Grade



Amborellales

Hymphaeales
Austrobaileyalas
Plperales
Canellales
Magnoliales
Laurales
Chloranthales
Commelinales

magnalilds

i

commelinids Poalas

ir!

WO nNno303

Caratophvyllales
Ranunculales
Sabiaceae
Proteales
Buxales
Trochodendrales
Gunnerales
Cucurbitales

Fagales
Rosales
Fabales
Cel alstrEers
Oxalidales
fablds Malpighlales
2'5’%0[?'1 yllales
Malvales
Brassicales
Huerteales
Sapindales
Picramniales
Crossosomatales
Myrtales
Geraniales
Vitales
Saxifragales
Dilleniacaas
Barberidopsidales
Santalales
Caryophvllales
Cornales
Ericales
Garryales
Gentlanales
Lamiales
—E Solanales
Boraginaceas
Aquifoliales
Escallonlales
Asterales
Dipsacales
Paracryphiales
Apiales
Bruniales

APG III Phylogeny of Flowering Plants
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Ipheion
Leucocrinum
Echeandia
Chlorophytum

Anthericum
Herreria

L Ag avaceae

Asparagales

rbcL
Strict
Consensus
100 taxa

Danae
Ruscus
Polygonatum

Seeds characters

Calibanus

Dracaena =

Comospermum

Peliosanthes I

Eriospermum

Agapanthus

Amaryllis

Clivia
Galanthus
Allium

.
Leucocoryne
Gilliesia
Tulbaghia

Dianella
Pasithea

Asparagales

Tricoryne

Acanthocarpus

Sowerbaea

= = ahiopedu

Thysanotus

Brodiaea
Triteleia
Milla
Albuca

Asparagus
mmiphyﬂum
Hemip hylacus

Aphyllanthes
T Bowea
—ar Muscari
Scilla

——— Anemarrhena
Xanthorrhoea

L Xeronema

Ixiolirion
Sisyrinchium

Isophysis
Doryanthes
Cyanastrum
Cyanella

Lower

R Asparagales
%mi’xﬁ:‘g"

e Orchids

Cyprepedium
Fritillaria
Lilium

Medeola

Prosartes
1 Scoliopus
1 Streptopus £ =
Tricyrtis
——— Calochortus
Lapageria

5 = Fhibse:

Ripogonum
L——————————— Smilax
Colchicum
wetermannia
Uvularia
Alstroemeria
Bomarea
L Luzriaga

[ o aa—— 114

Veratrum

Dioscorea
Acorus
Campynema

—— 10 changes



Ipheion
Leucocrinum
Echeandia
Chlorophytum

| 3
> ‘w

rbcL
Strict
Consensus
100 taxa

Successive Microsporogenesis

Simultaneous Microsporogenesis

Anthericum
Herreria

Hosta
Polianthes
Camassia
Chlorogalum
Behnia
Danae
Ruscus
Polygonatum
Maianthemum
Aspidistra
Calibanus
Dracaena
Comospermum
Peliosanthes
Eriospermum
Agapanthus
Amaryllis
Clivia

Galanthus

Leucocoryne
Gilliesia
Tulbaghia
Dianella
Pasithea
Phormium
Stypandra

Johnsonia
Tricoryne

Acanthocarpus

Sowerbaea

———{— Antropodur

Thysanotus

Brodiaea
Triteleia
Milla
Albuca
Aloe
——
B Kniphofia

Asparagus
F Myrsiphyllum
Hemiphylacus

Aphyllanthes
T Bowea
i Muscari
Scilla

Anemarrhena

Xanthorrhoea

L Xeronema

Ixiolirion
Sisyrinchium

Isophysis
Doryanthes
Cyanastrum
Cyanella
Tecophilaea
Alania
Borya
Curculigo
Hypoxis
Lanaria

Astelia

Milligania

Blandfordia
Cyprepedium
Fritilaria
Lilium

Tulipa

Clintonia
Medeola
Prosartes
Scoliopus
Streptopus
Tricyrtis
Calochortus

| tapageria

Philesia

Ripogonum
Smilax

Colchicum
Petermannia
E Uvularia
Alstroemeria
T Bomaeea
L lLuariaga

Veratrum

Dioscorea
Acorus
Campynema

——— 10 changes

Agavaceae

Higher

-  Asparagales

Lower
Asparagales

Liliales
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Interactive Key to Monocot Families of the U.S. All Taxa:
David Bogler, Missoun Botanical Garden, USDA-NRCS @ Aroraceae

| 1. Aquatic, growing in or on waler | @ Agavaceae
| 2. Aquatic, submerged ) Atismataceae
| 3. Aquatic, emergent @ Alliaceae
| 4. Aquatic, leaves floating D) Aistroemeriaceae
| 5. Aquan'c,ﬁes}:' waler @ Amaryllidaceae
| 6. Aquatic, marine @ P fo
| 7. Terrestrial ponogelondcede
| 8. Herbaceous O Araceae
| 9. Woody @ Arecaceae
| 10. Trees or shrubs @ Asparagaceae
| 11. Lianas or vines @ Asteligceae

| 12. Pseudostem, formed from leaf bases

| 13. Epiphytes @ Bromeliaceae

| 14. Saprophytes, lacking chlorophyll 0] Burmanniaceae
| 15. Annuals [©) Butomaceae
| 16. Perennials @ Cannaceae
| 17. R}u:zames ' 0] Colchicaceae
| 18. Rhizomes aromalic @ Co linaceae
| 19. Bulbs @ Cost
| 20. Corms vl 5 M
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| : ”E File  Edit Wew Insert Format  Tools  Window  Help _ B
Y Shest!:A3 @ |} Apave americana
F A - BZ CA CH CC cD CE CF CG CH
Taeeth Smaller
— 1 1 Leaf Leaf small, interstitia
Leaf margins Leaf margins denticulate Teeth Teeth testh
margins undulate, margins armed with | to 1-2 mm | Teeth 2-10 straight, decurrent, between
L straight WY entire teath lang mm long upcurved recurved | larger tee
25 | Apgave sisalana 25
26 | Agave toumeyani 26
27 | Agave univittata 27
28 | Agave utahensis 28
29 | Agave weber 29
| a0 | Camassia angus a0
T 31 | Camassia cusick M
32 | Camassia howell 3z
33 | Camassia leichtli a3
e 24 Camassia guams 34
| 35 | Camassia scillaic 25
36 | Chlorogalum ang 36

37 | Chlorogalum grar av
38 | Chlorogalum pary 38
39 | Chlorogalum porr 39
40 | Chlorogalum purg 40
41 Echeandia chand 41

42 Echeandia flaves 47
43 Echeandia texen: 43
] 44 Erernocrinum alb a4
45 Furcraea foetida 45
45 Furcraea selloa 45
47 Furcraea tuberos AT

— 48 | Hastingsia alba 43
449 Hastingsia hrau::teLl 49
A0 | Hastingsia serpel®| A0
= a1 Hesperaloe funife Bl &9
52 Hesperaloe parif 7| 52
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Nehemiah Grew
1641-1712

Anatomy of Plants - 1682
Anatomy of Vegetables
Anatomy of Roots
Anatomy of Trunks
Anatomy of Leaves, Flowers, Fruits and Seeds

Described nearly all the morphological
differences in stems and roots, identified
stamens as male, described pollen, recognized
differences in wood, parts of a seed, B
parenchyma, = . -

Marcello Malpighi
Anatome Plantarum (1675-1679)


//upload.wikimedia.org/wikipedia/commons/a/a4/Nehemiah_Grew.png
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Stem Anatomy
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Stem Anatomy

Leaf primordia Apical meristem
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Wood Anatomy Summer Spring  y/eqqels
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Parenchyma cells

Fiber cells
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—— Upper epidermis

rudimentary Palisade
leaf mesophyll

\ | Spongy

1® mesophyll
shoot apical —Ss
meristem :'b .

"R ~— Lower epidermis
Vein

lateral —
bud
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rudimentary
leaf

shoot apical -
meristem

Ligustrum leaf cross section.



Monocot Leaves

Bouteloua (sp?) xerophytic¢ monocot leaf cross
section.

Vascular bundles Fibers

Zea leaf cross section.



Trichomes Leaf Clearings

Longitudinal veins

Transverse veins



Trichomes
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Violoa tricofor. uper side flower leaf




Root Anatomy

Contractile roots
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Mature Ranunculus root cross gection.

Root Anatomy
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Root Anatomy

primary |
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Angiosperm Flower

Petal

(petals =
corolla)




Lilium  Anther

BT L
SHID R

83 o e :

RO L P

586208

A.
LA

(4L
gg‘%’“ 5!

Ovary wall

Megasporacyte



Pollen

Vac-High PC-Std, 15kV x 2700 —— () |17} 000223
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Interactive Pollen Key Pollen Glossary Pollen Resources Contact

Welcome to the Missouri Pollen Project (MPP). Here you will New Arrivals
find illustrations, descriptions, and keys to identification of
pollen grains from plants of Missouri and much of the
Midwestern United States. The goal is to provide a means of
identifying pollen, as well as summarizing what is known about
pollination biology of Missouri plants. The MPP is part of a
larger long-term project to develop baseline data on pollen and
pollinators in natural and altered communities, information that
may be useful in a changing world. The keys and images will
also be useful to botanists, entomologists, archeologists,
paleobotanists, allergists and many others.

Navigating the MPP pages is quite simple. Individual pages for
each genus are accessed through the Interactive Pollen Key .
Here you will find a list of pollen characters on the left and a
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Root Tip Squash

THE METHOD IN OUTLINE
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FISH — Flourescence In Situ Hybridization
Tragopogon







