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Preface

Biology 1< an excinng, dynanue, and challengmyg science. Ie s the study of hfe. Srudents are forronate to be ling at 2 ome when
msighes and discoveries in almose all speces of biology are occuremg at a very rapad pace. Much of the knowledge learned m o
biology course has appheanon m o mproving humaniry and the quahity of hife An undersrandmg of biology 5 esennal in establishing
asecure foundation for more advanced courmes in the biological sciences ar health sciences:

Biology & a visually onented science. Fan e Graaffs Photograplae Arlas for the Bislopy Laboratery 15 intended to provide you with
quality photographs of ammals simular to those you may have the opportumey to observe mnoa biology laboratory: 1t 1s designed o
accompany any biology text or laboratory manual vou may be using in the classcoom. In certan courses Fan De Graaff s Photograpl
Atlas for the Bislogy Labortory could serve as the laboratory manual.

An objectve of s atlas is to provade you with a balanced visual representanon of the mayor kingdoms of bologeal orgamsms,
Great care has been wken o consruct completely labeled, mformanve Agures that are depacted clearly and accurarely. The
mucrographs are representative of what students wall acraally be lookmg at in chear labs, not amaznng one-of-a-kind photo contest
winners. The terms used m this atlas are in agreement with those appearing m the more commaonly vsed college bology rexes.

Mumerous thssecnons of planes and mvertebrate and vertebrare ammals were completed and photographed 1o the preparation of
thas aclas. These images are mclnded for those students who have the opportunity to do smilar disseetions as part of therr laboratory
requirement,

Chapter 9 of thes atlas 15 devoted to the nology of the uman organism, which s emphasized 1o many biology textbooks and
courses. In this chaprer, vou are provided with a complete set of photegraphs for each of the human body systems. Hunom cadavers
have been carefully disected and photographed to clearly depict each of the prinapal organs from each of the body systens Selected
radiographs (X-rays), CT scans, and ME. nnages depict structures from ving persons and thus provide an apphed dimension o this
porton of the atlas.

Preface to Eighih Edition

The success of the previous edinons of Fae De Craaffs Photographic Adas for the Biolopy Laboratory provided opportumeies to make
ehanres o enhanee the valoe of thi new sditon o pding srodents i learming about [ving sreaning. The reviaon of this atla
presented in its etghth editton required planming, orgamzation, and sigmificant work. As authors we have the opportumey and
obligation to lsten to the cridgues and sugresnons from students and ficulty who have used this atlas. This comstructive input 15
appreciated and hae resulted in 2 greatly improved atlas.

One objectve i preparing this edition of the atlw was to ereate an wwiting and vpdated pedagogy The page lvout wa
mproved by careful selection of updated, new;, and replacement photographs. Cladogroms were updated, making the connections
between bixonomy, morphology, and evolutionary history more miuibve. Images in this adlas were carefully evaluated for their
quality, effectiveness, and accuriey. Enlarged mmages, 1 certmn chapters, and addinonal photographs of representative orgamsms
were added. Micmographs were chosen thar would closely approximate what students would see i the lab.
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Prelude

Scientists work to determine accwracy m understanding the relationship of orgamsms even when v requirss changing escablished
conceps. DNA  sequences, developmenral  parhways, and morphological serucrures, along wath che fosil record and  geological
danng, are wsed m recover the evolunonary bistory of lite (phylogeny) and represene thas in 2 errchical clasificanon (faxononmy).
New methods for generamng and analyzring evolunonary hypotheses  continue to unprove our understanding of phylogencac
relanionships. Because classification schemes that reflect phylogenene relationships have so much more explanatory power than simple lists
of organisms, scentists are constandy updanng cherr clasatication schemes to reflect these advances mn knowledge.

In 1758, Carolus Linnaeus, a Swedish narurabist, assigned all known kinds of organsms mto two kmgdons=—plants and anmmals. For
over rwo cenmries, this dichotomy of plants and amimals served hiologss well bur has been replaced by the hypothesis ot shared common
ancestry by three major evolutionary ineages {see Exhubic 1), This hypothess is based primarily on DNA sequence dam bur corrmborates
mueraus other lines of evidence as well.

Exhibit | Domains, Kingdoms, and Representative Examp

Lared PI.:JII-DI EUEEWG I..h]'ll)ﬂi].i:ﬂ.']hﬂ"\
Green alge R ail FUI_"?-_E::M“.S [ # Diaroms
algac
Figlena The Three Domains of Life
Bl : Trypanosores This plylogenetic ree
Cellular shimne molds Lrichmania summmarizes the clasafication
) thar depacts all of life divided
Arirmial iMitochondrion) it three domains—Bacteria,
Anariale i
. ¥ Archaes, and Eukarva. MNore
Crreei Bacteria R e TR
Fung e 43 the doemity of the nonanimal
Sultilabie . ba _'1':“.‘] Spimcheres lineages relacve o the arher
il dia organisme, their relatively mecent
Thermophiles Ciieen emergence, and the bacrerial
1:|] Er R origin of mitochondris and
chlatopliars
Halophiles Chyanobacreria
Archaea (Plastds,
Common ancestor wcluding
Muthumeobacteyien of all life chlompilasts)
Demain Bacteria = Cyanolbaciera, Domain Archaea - Meithanogens, Domain Eukaryota - Eukaryores,

gram-pregitive and pron-positive bactera

halophiles, and che rmepliles angle-celled, and mulncelled nrganisms;

furgy, “progsts,” plans, and animals

sellatorta sp., a cyanobacterium that Thivthriz sp., a thermophile that oxidizes
represiuces through fragmentation H,5 for an energy source

Kingdom Fungi Supergroup Archoeplosfida Kingdom Planiae Kingdom Animalia

AR
Azpergilivg spois a mold that reproduces Fideax sp, s a monle green alga thae Murza sp, the banana, 15 hagh an Clunnaeleo alfyptratas, the veled
asexually and somermes sexoally reproduces asexually or sexvoally, nurmitional valoe, chameleon, 5 known for i abilite w

change colars accordmg tooits maood,



Basic Characteristics of Domains Commeon Classification System of

Domain Bomain  Domain Some Groups of Living Eukaryotes
Characteristics Bacteria Archaea Eukarya Unikonta
Amoehozoa
Mﬂearem’alnpe Mo Mo Yes Phylum Amoebazoa
encloses genetic Phyfum Myxomycata
mﬁd {m‘} Opisthokonta
Kingdom Fongi
Cll'f.l-llﬂ' chromosomes  Yes (usually) fes Mo Plylum Chyeridiomycot
s gr— 2 7 e Phytum Zypromycota
i No Nb ?.Eg Phyvlum Glomemnnyeota
Em Fhyluen Ascontyvcota
\ ; I’In fum lhtnlmjmrt oha
Rotary flagella fes Yes il;iu ﬁr;li::‘ld i Akl
s Phyvium Porifera
mdulﬂtnry} Flylur Crenophora
WHW No (aﬁw m No Yes (but . Phyhim Cradaria
“species”* eyanohactena could there are also F‘ﬂ‘;ﬁ:‘;’chma
be mﬂﬂm} unicellular Ploylusn Roorifera
Wk"?"’fﬂ} Phylum Platvhelnunchies
< Phyiumn Gastrotricha
Eﬂﬂvﬁ::d“:rrﬁem] s R e Phyhun Braclhiopoda
Fd Fhyluen Phioromida
peptidoghycan ; Phyhim MNemertea
Plasma membrane Yes Mo (ether  Yes Ehy s Entapricty
HP'd% made of I]nkage.'é] Phyvhun Bryozoa
nbranched fa Fhylurm Annelada
i ide s Phylum Mollusca
acids bonded to Ecdysozoa
Sf:'w“' by ﬁtﬂr Phyvium Kinorhyncha
Fhyluen Memaroda
Phyhum Memagamorp b
RMNA pol;,m.-m of Mo (5 subunits) Yes ()  Yes(14+) Pliyiurn M;}lj,‘l: ok
mare than 10 subunits . - Fhuh.l.lnTard]gnda
MNumber distinct types 1 1 (dosely 3 (Pol L, II, Deuterostomia
g " Pl Hesuehordae:
Dfﬁﬂﬁ pﬂl}lﬂem ﬁ?h\}ﬂtﬂ g m} Phyium Echinodermuata
e . Phyhun Chordats
Initiation of translation  M-formylmethionine  Methionine  Methionine Hikonta

et Excavata
( ) Phylum Euglenozsa

* Do primanly o their procivty far horizontal pene transfer, Bacteria and Cukaryz don't i Phylum Metamonads
Feie species 0 The game sense thit moeek Eubcarya do (independetly e & evalumgnary Kingdom Plantae
|In|-..1g:“: with |.II'||r|'|r:~ L:-r;gi'.u | Fapei, IJ“FEUI“ E'\!:l'-"d*-"r'h‘.r"a
Green Algae
§ i 5 Phyhum Chlorophyta
Phylogenetic Relationships among Land Plants "
. Plyhim Hepatophivea
the Major Groups of Eukaryotes Phihin Hr,,!up?ﬂ;
Phylum Anthocemphyta
Bacteria Vascular Plants
Plwhum Lycoplyta
Fhyhum Palotophbyes
Archaea Fhylum Precidophyia
Plyhum Equiaeophyta
Seed Plants
Amoebozoa Gymnosperins
Phylum Ginkgophyta
OﬂiStﬂkﬂntﬂ Plyhum Cveadophym

Phylusn Pinaplives
I’h}h.lm Gretophyta
Excavata Angiosperims
Plhytuem Magnoliophyrs
= .-’m[hnpsmn]

1L

Plantae Rhizaria
Phylum Foransnifera
. - Plytum Cereozon
Rhizaria Alveolata
Flylum Cilisphora
Alveolata Stramenopila

Flhyhim Heterokontophyra
4 Phylusn Oanyeats
Stramenopila Phyhuim Phacophyea
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Cells and Tissues

All orgamisms are composed of one or more cells, Cells are the
basic stuctural and functional unit of organisms, A cell 5 2
minute, membrane-enclosed, protoplismic mass consising of
chromosomes surrounded by eytoplasm. Specific organelles are
contained in the cvtoplasm that function independently but in
coordination with ane another, Prokarvatic cells (Fiz 1.1) and
eukarvatic cells (Figs, 1.3 and 118} are the owo basic rypes.

Prokarpotic aells lack a membrane-bound nuclews, anstead
containing a single strand of nurleis aad, These cells conrin fow
organelles. A rigd or semirigid cell wall provides shape to the
cell ourside the wll {plasma) menbmene. Bacteria are examples of
prokaryotic, single-celled ormnisms,

Eukaryotic vcells conmin o moe nwcleus with  mwleple
chromosomes, have several types of specialized organelles, and
have a differentally permeable cell membrane. Ornganisms
comsisting of eukarvotic cells include protoroa, fangd, algae,
planes, and mvertebrate and vertebrate animals,

Plant cells differ in some wavs from other evnkarvotic
cells in that their cell walls contan celludose for stiffness (Fig,
1.3} Plane cells also contain vacuoles for water storage and
membrane-bound diforeplasts with photosynthetic pigments for
rhotosynthesis,

The wrclenes is the large, spheroid body within the eukarvotic
cell thar comtains the genetic material of the cell The nucleus is
enclosed by o double membrane called the nudear membrame, or
neclear envelope. The mudeelis 15 2 dense, nonmembrmous body
composed of protein and RNA molecules. The chromatin are
fibers of protein and 1NA molecules that make up a cukarvaeic
chromosome. Prior to cellular dwision, the chromatin sharrens
and cails into rod-shaped dvomosomes. Chromosomes consist of
DMNA and structural proteins called hisrones,

The cptaplasm of the eukarvotic cell 4 the medium bebween
the muchesr membrane and the cell membrane. Oganelles are
small membrne-bound structunes within the cvtoplasm, The
cellular functions carried out by organelles are referred to
as wietabelism, The structure and functiion of the nucleus and
principal organelles are histed in Table 1.1, In order for celks
to remain alive, metabaolize, and maintiin homeostasis, they
must have acces to natrients and respiratory gases, be able to
eliminate wastes, and be in a constane, protective environment.

The cell membrane 13 composed of phospholipid, proten. and
carbohydrate molecules. The cell membrane gives form toa cell
and controls the passage of materal into and aut of a cell. More
spectfically, the proteins in the cell membrane provide:

L. structural support;

2. a mechanim of molecule eransport across the
membrane;

3. epzymatic control of chemical reactions;

4. receptors for hormones and other regulatory
motecules; and

)

cellulir markers (antigens), which idennfy the
blood and tissue type

The carbohyvdrate molecules:

2

i

4.

repel negative objects due to their negative charge;
act as receptors for hormones and other regulatory
mnh:ru'ln‘:s;

form specific cell markers that enable like cells to
attach and agrregate mto tssues; and

ENEET ITEO NI reactions.

Tissues are groups of similar cells that perform specific
functions (see Fig. 1.9). A Howering plant, for example,
is composed of three tissue systems:

i

b

the ground s system, providing suppore,
regeneration, Tespiration, photosynthesis, and
storage;

the vaseular tssue syseem, providing conduction
passageways through che plant; and

the dermal rissee system, [rruvi:ﬁng ]:m:m,-.i,:tiuh tor the
plant,

The tissoes of the body of 2 mulocellular animal ane
classified into four principal tvpes Gee Fig 1.36):

]

3.
4.

epathelial rissie covers body and organ sarfaces, lines
body cavies and hunina (hollow portons of body
tubes), and forms wanows glands;

cmmeetive asue bands, suppores, and proteces body
Jaris;

miscle Hssye contracts to produce movements; and
mervenes fissue initiaces and cransmits nerve impulses,

Miclenad
Ribosomes
ll’..‘ym]ﬂ;lsm

Plasima
wienthrare

[’u:ptil:logl'!.rc':rri

Craner
membrae

- Gl weall

Figure 1.1 A generalized prokaryonic cell
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Table 1.1 Structure and Function of Euka

Component

Cell (plasma) membrane

Cell wall
Cytoplasm

Endoplasmic reticulum

Ribosome
Mitechondrion

Golgi complex

Lysosome
Centrosome

Vacuole

Microfibril and
microtubule
Cilium and flagellum

Nucleus

Chloroplast

P

-z

A

—

\

Structure
Composed of protein and phospholipid
molecules

Cellulose fibrils
Fluid to jellylike substance

Interconnecting membrane-lined
channels

Granules of nuclelc acid (RMNA) and protein
Double-membraned sac with cristae (chambers)

Flattened membrane-lined chambers

Membranesurrounded sac of enzymes

Mass of protein that may contain rodlike
centrioles

Membranous sac

Protein strands and tubes

Cytoplasmic extensians from cell; containing
microtubules

Mudear emelope (membrane), nucleolus, and
chromatin (DMA)

Inner (grana) membrane within outer membrane

otic Cellular Components

Function

Provides form to cell; controls passage
of materials into and out of cell

Provides structure and rigidity to plant cell

Serves as suspending medium for
organelles and dissolved molecules

Enables cell transport and processing of
metabolic chemicals

Synthesizes protein
Assembles ATP (cellular respiration)

Synthesizes carbohydrates and packapes
maolecules for secretion

Digests foreign molecules and worn cells
Organizes spindie fibers and assists
mitosis and meiosis

Stores and excretes substances within the

cytoplasny; regulates cellular turgor
pressure

Forms cytoskeleton, supports cytoplasm,
and transports materials

Movements of parﬁdes along cell
surface, or cell movement

Contains genetic code that directs cell
activity; forms ribosomes

Imvolved in photosynthesis

Figure 1.2 (1) A
|'|."|1|lr|ﬁiJIILi (R TRIR AT Iﬂf‘ll
microscope, and (b a
compound bnocular
MICFOSCOpPE,
1. Evepiece (ocular)
2. Head
3 Arm
4. Moseprece
3. Objective
fi. Srage clip
7. Coarse focus
adjusement kool
H. Stage
U, Condenser
16 Fine focus
adjusernene knob

1. Collector lens with iras
12 [Hmmmnator {imside)
13. Base



( Plant Cells and Tissues )

Figure 1.3 A tvpical cukaryvorc
Pl:mt rell,
. Cell wall

2 el {pﬂqﬁm.ﬂ membhaie

3 Reough endoplasmic reticulam
4. Mucleus

. Muctealus

6. Muckear membrane (envelope)
7. Lysosorme

£, Smooth endoplasmic reticulom
9. Mirochondrion

101, Vacuole
1 Golo complex
12, Chlomoplase

Organ (leaf)
comprised of
EIHLES

Leaves
Steim

Rooots

Leal tissues
comprised of cells

Figure 1.4 The suconml levels of plant arginazaton,



A Phot { v Labomtony

Figure 1.5 Live Eloder spe leaf cells (a) photographed ar the center of the Feal and (b) ar the edge of the leaf.
1. Cell wall A Mucleus 5. Spine-shaped cell on fr. Maclews 8. Cell wall
2. Chloroplasts 4. Vacuole exposed edge of leal 7. Chlomoplases

A -~

h

nd

TS

Figure 1.6 (a) Cells of a potaro, Salasun tulerasoe, showing starch graies at 2 low magnification, and (b at 2 high magmfication. Food
5 stered & starch in potato cells, which is deposited in organelles called amyloplasts.
L. Cell wall 2. Cyroplasm 3. Srarch grains 4. Mucleus

L
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0

et B

W i O B, - & A

Figure 1.7 An elecron micrograph of o portion of 2 Figure 1.8 A fractuced barley smur spore,
sugarcane leat cell. 1. Cell wall 2, Cell membrane

I Mirochondrion B, Beronma

2 Cell membirane 7. Thylakoad membrane

3 Cell wall 8. Ch]umplast emelope

4. Nucleus {ourer membrane)

3. Grana



Terminal bucd

Intermode

Leaf:

Vel
Axillary Margin

bt = Lamitt

(hlade)
PAidribs

Petiole

Root:
Primary row

Secondary root

Rooat cap

N
Rﬂ O IITErs

—Root cap

= Reonr apex {or apical merisem of root)

The apical meristem

Apical of the shaot produces
e isLen linear growrly and
af shom

FVes Tise T new
folsage, branches, and
Hlowwers

Stem

Phiaem

Epidernms
Mylem

— Phloem

Cortex

Root

Figure 1.9 A diagram dluscrating the anatansy aiud the prancipal organs and tissues of 2 ypical dicor

Hgl.l"ﬂ' 1.10 A longitudinal section through the xylem

al a pine, P showng trachend cells with prominent
bordered piw.

1. Botdered pits
2. Tracheid cell

3. Cell wall

:
g

o _—*.,-:r-!lﬁﬂ::ffl'“
eeivee
., — |-:

[ PO L5 ]
x|

i

’ BIX

Figure 1.11 Longitudinal section through: the sylem of'a
squash stem, Chwserdrita saiens. The vessel elements shown hers
buve several dafferent parmerns of wall thickenmgs,

1. Parenchyma

A Helecal wessel elements
2. Annalar vessel elements

4 Piteed vessel elements
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Figure 1.12 A section through a leaf of the venus fhytrap, Figure 1.13 An astrosdereid in the petiale of a pond lily, Nuphar.
Dimeed sringvpida, showing epidermal cells with o degestive gland 1. Astrosclereid 3. Crystabs in cell wall
The gland s composed of secretory parenchyima eells. 2. Parenchyma cell

I Epidermis 2, Gland

1
2
Figure 1.14 A taosverse section through the leaf of 2 Figure 1.15 A seation through the endosperin tssue of a
yicca, Yied brevifolio, showatg a vascular bundle (vein), persmmon, Dispas vigisiang, These thick-walled cells are
Naote the promment sclerenchyima nsme forming caps acoually parenchyma cells. Cyvoplasmic counections, o
on bodh sides of the bundle. plismodesimaea, are endent berwesn cells,
1. Leaf parenchyma 3. Kolem 1. Plasmod esmata 2. Cell lumen (nwerior space)
2. Leaf selerenchwma 4. Phioem
thundle cap) 5, Bnndle cap
I
2

| R TRday. M
Figurﬂ 1.14 A rransverse secnon through the srem of flx, Figl.l’a 1.17 A section through the wem of a wax I.'I-]."I'ﬁ‘l Hopa
Linaon. Mote the thick-walled fibers as compared to the camosd. Thick-walled scleresds {stone cells) are evident.
thin-walled parenchyma cells 1. Parenchyma cell 2 Sclereid {stone cell)

1, Fibers 2. Parenchyvina cell comtaming garch grains



Cells and Tissues

( Animal Cells and Tissues )

Cyroskeleron: Secrerory

Actin filanent vesicle
Macratubule -—_h._ '?

Intermediare
filanzent

Mucleus
Choomatit
Muclear
envelope
Muelenlos

Glycogen granules
Centrosome: Coyropkism

Pereentriolar feyeosel plus
material organelies excepe
Centrioles the tucleus)
Plasma - Homgh
b e endoplasmuc

retzeuluim
Lyvsosome

I ibosaine
Stooeh -

endoplanne = Grolgh comnplex

reticulum

Pemxisoine Acon filament

Mirachondrion
Figure 1.18B A secoional view

Microtubule — at a rypacal ammal cell,

3
2
4
, o i TR S
F]gum_ 1.19 An electron nucrogriph of a Figure 1.20 An elecoron micrograph of various onganeles,
frecre-fractured puclear ervelope showmg the I Muackens % Miochoudrion
nuclear pores. 2 Centriales 4. Golgt complex

I Muclear pores



or the Biclogy

gy N
2 Figum 1.22 An electron muctograph of lvsosomes.
I Muclew 2 Lysosomes

e ot ; Ay

Figure 1.21 Asi electivg niictorraph of centrinles The
centricles are posiioned at raght angles to one modier.
I, Centrinde (shown in mans- 20 Centriole (shown in
verse section) longinudinal section)

Ll

Figure 1.24 An decovn micoograph of dlia (mrsese
aection ) shoowing the charcreristic =% + 2 armangement of
mderotubules in the toseerse seetons,

I Macratbles

L - et - b ~ & '-‘.J ;
Figurﬂ 1.23 An eleceron |11i.r.mg|'qph af a mitochandr o, a 5 Em'- OO0
bt huter apinibgme 3. Cristy Flgure 1.25 An electron mdcrograph showang the

2 Inner membrane difference between o microvillus and 2 cilivme
I. Cilium 2, Microvillus




HQUIE 1.28 An electron J:ux.i'ul:';m.p]t
of rough endoplsmic reticulum secreting

collagenous ilunents to the outsde of the cell
I Ribesomes 1. Mucleus

2, Cisternae

Figure 1.26 An electron micrograph Figure 1.27 An clecton
of simooth endoplasmic reticalum from mucrograph of rough endoplasmic
the rescis, reticulum.

3. Collagenous

2 Rough filuments
endoplasmic 4. Cell membrane
reticulum

[§%)

3
Figure 1.29 An epithelal cell from a cheek Flgure 1.30 An electmn micrograph of a human ervthrocyte
SUTRpIng, tred blood cell),
| MNucleus

2. Uyraplasm
3. Cell membrane
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(2)

Figure 1.31 Types of leukoovres. Note thar each phnm ﬁgurﬂ 1.32 Anelecrmon meerograph of a capallary conraimng
contains several erythrocytes; these cells lack nucled, an ervthroeyte.

1. Meutmophil 4. Lymphoeyte 1. Lumen of caplliry 3 Endothelial cell

2, Basoplal A Monocyre 2. Muckews of endodielial cell 4. Erythrocyie

3 Eu-.-:'sn.upllﬂ

Figure 1.33 An clecton
micrograply of 1 skeletal
muscle nyvodibril, howing
the siriations.

1. Mitochondria
. & line
. A band
1 band
- T-ubule

Sarcoplasmic reticulum
ot T
L Sarcomere

[ R i

i R

Figure 1.34 An clectron micromaph of an osteocyvee Figure 1.35 A ocuron sear
(lsorse cell) in corncal bone matnx. 1. Mucked of surrounding nearogdial cells
1. Bone matro 3. Lacuna 2. Muockeus of neuran
2. Canalical 4. (xreacyre 3. Mucleolus nf newron
4. Dendrites of neumn

10



Epithelial Tissue
Epithelial mssue covers the outside of
the body and Tines all organs, Its primary
funcdon is to provide protection.

Mucleus

Cell

membrane

.. 8. a:l

L ] Basement
L =
= ey memnshrane
Simple cuboidal epithelivm (Faninag

Gobler cell

Simple columnaor epithelium

Muscle Tissue
Muscle tssue is 2 ossuc adapted o contract,
Muscles provide movenient and functicnaliny
o the organisom,

Striation
MNucleus

Skeletal muscle

Intercalured disk

Striation

MNucleus
Cardioc muscle

Mucleus

Figure 1.36 Some examples of mimal fasucs,

Connective Tissue

Connective nsue funcnions as a binding
Lissles

ad supportive tissue for all other
in the orgamsm,

S —— o

— ———

——

Dense regular connective tissue

Nervous Tissue

Mervows nssue  functions o receive

stimuli and transmits signals fom
part of the organism o another.

Schwani cell

553 (neum] emmocyie)

| T
ﬁg\— Diendrire

e

Neurclogical cell

Mucles

Fat drogp [

Cyroplasin

one

Termuial
bumon

11
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Figure 1.37 Simple squanous epithelium. Figure 1.38 Sumple cubaidal epithelinnm,
1. hangle laver of flattened cells warh ellipnical pucles 1. Single layver of cells with round wucles

Figure 1.3%9 Simple columnar epithel i, Figure 1.40 Sianticd squamous .:'11:r|1rh'|1m
[ Sinple laver of cells with oval nuele L. Mudiple bivers of cells dhat are famered at the upper Layer

]

oty e

- ‘ ‘- -, e -
- = .- . v .

S > "ni - v

: ’ k“—ﬁ—"r- -2 sud

Figure 1.41 Seearsficd columnar epitdselinn Figure 1.42 Psodostearified colummar epitheliom

l. Cells are balloon-like at surface 1. Cilia

2 Gohbler cell

3. Prendostratified columinar t'pith-a'iiuln
4. Basement membeane

12
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20X WA Sl % :
Figure 1.43 Adipose connective tssue. Figure 1.44 oo conmective nsue aamned for fibers
I Adipocyes Gdipose cells) I. Elasgc fibers (black)

2, Callagen Abers (pink)

1
v [ o = hH :
i ot o e o [ X
B R
d.*. I "Jh'_-l u.%- awmr }- l\:"l.-ll- e
Figure ‘-45’ P'—'U:“-' negrular connective Gesue. Figure 1.4& |Jense wregular connective nssue.
I Muclei of Gbroblases arranged in pasallel rows berween 1. Epidermis
pisk-stained collagen fibers 2. Depse rregular connecove tissae (redolar lver of dermis)
1
1
Figure 1.47 An elecwon micrograph of dense wregular Figure 1.48 Rencular connernve e,
contective tissue, |, Beeticular fbers

1. Collagenous fibers

13



A Photographie Atlas for the Biology Laboeratory

I, Chondrocyres
2. Hyaline cartilage

Flgure 1.51 Fibmcamilage
1. Chondracyres arranged in 2 now

g

Figure 1.53 An clecron mucrograph of bone s
1. Ilneersoral lamellse
2. Lamellae
3. Ceoreal canal

{Haversian canal}

4. Lacunae
50 Omeeon (Haversian
ssteIny

14

i

Figure 1.50 Elxic carolage.
1 Chondmcytes
2. Lacunare

3, Elastic Bbers

Figure 1.52 A mansverse section of bwo osteons
m compact bone fsme
1. Lacunae containing osteacytes
2. Central (Haversian) camals

3. Lamellae

I. Booe mineral {calenm sales sean black)
2. Collagenous filament {distinct banding pareeri)
3, Collsgen-secreting osteoblists

Figure 1.54 Au cdectron micragraph of booe tissie Srmation,



Figure 1.55 Osweoblass. Figure 1.56 Csweoclmt

1. Oreokslases 3, Oreoid 1. Ohsre ocytes 4. Oiteocha in

2. Bone 4. Osreocytes 2 Bone Huowship’s lacuna
3, Howships bioung

= 2, 8 ____' = - - = % ,‘.-‘,.;‘_ is "|'p

Figure 1.57 A longudinad section of skeletal muscle tssue Figure 1.58 A wansverse secnon of skeletal nmscle tissuc,
1. Skeletal muscle cells inote striatioms) 1. Perimysivm (surrounds bundles of cells)
2. Multiple nuclet in periphery of cell 2. Skeletal muscle cells

3. MNucler in periphery of el
4. Endomwsimn {surroonds cofls)

%]

Figure 1.5%9 The atrachment of skeletal nwsele o tendon Figure 1.60 Smooth muscle tissise.

I, Skelerl muscle 1. Smooth muscle
2 Dense regalar connective mssue (tendon) 2. Blood vesscl

15
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1 1
2
————— 2
3 3
4
Figure 1.61 Canlise muscle tisue Figure 1.62 A wansverse secoion of a nerve,
I Invercalated disks 1. Endonewrnim 3, Permnevrmm
2 Light-smaiming perinuclear sarcoplasng 2 Axans 4. Episeurivm
3 Muclens in center af eell
2
=1
z
3
I
. Rt ac e
Figure 1.63 A longitudizal section of axons Figure 1.64 A oeurcanuscular junetion.
I. Myulin sheath 1. Skeletal musscle 2. Maotor nerve
2. Meurofibril nodes (nodes of Ranvier) fiber 3. Muocor end plates
I
.
I
4
2
2
3
Figure 1.6& Purkinge neurons from the cerebellum,
e e L L F s ; 1. Molecular liver of cerehellar cortex
Figure 1.45 Motor neurons from spanal cord 2, Granilar laver o L't:l..'l.‘b\'.““:kl' COTICK
1. Neurglia cells 3. Dendrites of Purkinje cell
2 Drendrites 4, Putkinje cell body

A Mucleus
16



Perpetuation of Life: Mitosis, Meiosis, and Development

The rerm cell cpele refers to how a multicellular organism
develops, grows, and maintans and repairs body tssues. Iy the
cell eycle, each new cell receives a complete copy of all genetic
nformation in the parent cell and the cvtoplasnuc sulstances
and organelles o carey out hereditary instructons.

I'he anpeal cell evcle (seebig: 2.3 s drvidedinto: interphase,
which includes Gap 1 {G1), Synthesss (S),and Gap 2 (G2) phuses;
and 2 mutosis, which includes prophase, metaphase, anaphase,
and telophase. Itterphase is the interval between suceessive cell
divisions during which the cell & metabolizing and the
chromesomes are directing RNA synehesds The T plrase 15 the
first growth phuxq the § p.l'nfsr‘ s when IIMNA 1 rc].‘r]il:;lttd,md
the €2 phase 15 the second growth phase. Mitoses (also known
as karyokinesis) 15 the division of the nuclear parts of 4 cell to
form two daughter nuclei with the same number of
chromosomes as the original mclens.

Like the animal cell cvele, the plant cell cvele consises
of growth, synthesis, mitosis, and cvtokinesis. Growth 35 the
increase in cellular mass as the result of metabolism; spnthesis
is the production of DNA and RNA to regulate cellular
activity; mitesis is the splitting of the nucleus and the ¢qual
separation of the chromarids; and evtokinesis is the division of
the cyvtoplasm that accompanies mitosis,

Unlike animal cells, plant cells have a rgid cell wall thac
does not cleave dwring cytokinesis. Instead, & new cell wall
is constucted between the daughter cells. Furthermore,
many fand plants do not have centrioles for the attachment
of spindles. The microtubules in these plants form
a barrel-shaped anastral spindle ar each pole. Mivosis and
cytokinesis in plants oecur n basically the same sequence as
these processes i animal cells.

Asexcral reproduction 15 propagation without sex: that i, the
production of new individuals by processes that do not wvolve
pametes (sex cells). Asexual reproduction occurs in a varlery of
micreorgamsms, funge, plants, and ammals, wherem a sngle
parent produces offipring with characteristies identical to
itself. Asexual reproduction is not dependent on the presence
of other mdividuals. No egg or sperm is requared. In asexual
reproduction, all the affspring are genencally idenceal {except
for mutants). Types of asexual reproduction include:

I fission—subdivision of o cell [or orgmnism,
pupu].'tl‘inn, species, -;:1;::.:] MG separaie parts,

Binary fission produces two separate parts; mulnple
fission produces more than two separate parts
{eells, populations, species, etc);
spentlation—multiple fission: many cells are

formed and join together ina cwt-like strocture
{protozoans and fungi);

£

3. i'“l'.hﬁ”lg_b'll.d}i 'IJL'\!'E]HP UIHHII‘ISI]H JJ.]EE |j1€ [.1311.'!11.
and then detach themselves {hydras, veast, certan
planes); and

4. fragmientation—organisis break mto two
ot nore parts, and each part 1 capable of
becommyg a complete organsm (algae, Tatworms,
echinoderms).

Sexvial reproducion 14 propagation of new organisms through
the union of genetic material from two parents. Sexual
reproduction waially invoelves the fusion of haploid gametes
fch as sperm and ege cells) during fertilizanon to form
a zygote.

The mugor biological difference between  sexual and
asexval reproduction B that sexual reproducnion produces
genetic variation in the offpring The combining of genenc
material from the gametes produces offspring that are
different from either parent and contain new combinations
of characteristics. This naay inaease the abihty of the specics
to survive environmental changes or o reproduce in new
habitats, The only genctic variation that can arise in asexual
reproduction comes from mutations,

== -

-
“' ——
a —— -
Figure 2.1 Sexual reproduction. A peir of Hawaiian stlts,
Hinvastapus sweseicamis knudeent, in eaely spring,

17
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Vegetalive propagation

A plae produces excernal stems, or
rumters. Smple vegetative propagation
ocours in a numiber of flowericg plant,
aich as srvwberries,

Binary fission
A singede eell divades. forming two separate cells. Fisdon oceurs
m bacteria, promzoans, and other single-celled orgamsms.

Figure 2.2 'Fpes of atevual reproduction: vegetative
propaganod, banary fission, and fragmentation,

Fragmentation

A il cellular organian breaks inro two or more
parts, each capable of becoming 1 complete organisin,
Fraismentanon occurs in Hatworns and echinoderms,

[l
e
'.; =
5o
5 2
&= z
Chronuen strand Cemtromere
Chne {dopheaced) Chromarid
chrormasonme
composed of rwo
ienncal chronmnds
Figure 2.4 Each duplicated cluomoseme constas of two identcal
Figure 2.3 The amimal cell cvcle,

chromatids awached ar the cenmrally located and constricted centromere,

18



Pefpetiatan of Life: Mitasts, Meinsis, antd Development

e

Eﬁ'l‘f PI'QP"INE — Chromann begins Late prnphase — Nudear envelope is

Early metaphase — Duplicated
toy condense to form chromososies. intact, and chromarin condenses mio chireaniosonies are each made up of
chromosonies. chromatids. st equatorial plane.

*

01

Late metaphase — Duplicated Early anaphase — Sister chromarids Late anaphase — | laughter
chroinsomes sre each tiade up of two are beginming to separate inne daaghrer chromosommes are nearing poles.
cheormaeids, ar equatorial plane, chromosones.

Figure 2.5 The stages of mitosis o
Hozacinth, Flypadohis, roat tip. (al 430X)

Telophase — Daugheer chromosanies Interphase — Two daughrer cells
are at poles, and cell plice 15 forming result from cytokanesis.
L. Cell plate

19



Prephase | — Each chiomesoiie comnisis
of twe chronuands joined by 2 centromere,

1. Chroomatids
2. Mucleolus

Telophase | — Cluomosines
fengthen and beeomie less distinee,
The cell plare {in some planes) forms
between Horming cells.

1 Cell place {vew cell wall)

2. Chromosome

Andaphase l — Chromatids
separate, and each is pulled to an
appoaite pale.

1 Cheoinatids

20

Telophase Il — el division i
complere, and cell walls of four haplowd
cells are formed,

Metaphase | — Chromosoine
pairs align at the equator.
1. Chromeseme paims at eguator
2 Spindle fibers

: 4

P'fﬂ'.‘l-hﬂlﬂ Il — Clomosomes condense:

in prophase L

1, Chromosomes

1. Chromatids
2. Mew cell walls {cell plates)

Anaphase | — No division at the
centromeres noos as the chromosomes
separite, suootte entire chomosome goes
o each pole,

I. Chromosomes (two chromaods each)

Metaphase Il — Clrmosomes align
on the equator, wnd spindle Gbers attach
we the cenromeres. This s stoalar to
metaphase in mitoss,

. Chromosones

Figure 2.6 The sages of mewoss
in lily muierospomcytes o form
mcrospores. KR



Euch chromosome consists of twa
chromatds joined by a cenmomere. Spindle
Abers extend from each cenmiole

1. Asrer amound cenmrinle

2. Chmmosotnes

Telophase
The chromesomes lengthen {decondense)
and become less disiner. The cell membrane
torms berween the formng dangler cells.
1. Mew cell membrane
2. MNewly forming nucleos

o
Metaphase _
The chromuosomes are P-u::l:u:lml at the
equaror. The pindle fibers fom each
centriole atrach to the centromeres.

1. Aster around 3, Chromosomes at

cenitriole equanor
2. Spindle fibers

Daughter cells

The single chromosones (former

chronandi—see anaphase) continue to

lengghen {decandense) as the nuclear

membrane reforms, Cell division is camplete,

and the newly formed cells grow and mature.
1. Danghreer mucled

Anaphase
The centromeres split, and the siseer
chromnands separate as each 5 pulled
to an apposite pole.
L. Aster around
centriole
2. Spindle fibers

3. Separating
chromosom

=

Figure 2.7 The stages of
animal cell mitosis followed
by cytokinesis W hitefish
balastula, S0HIX,
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SPETACEOH LT
oiplond)

First

Fl’j-lllm-l"_r' meioc
‘il.'!li'flfl'lﬂ[‘lx'_p'ﬁ." il _E
{diplnid) davision g
i
E
; g
Seconwdary . 7
ETIETOCYTE -‘5_:c_:1|t_d
(haploid) mieine
division

e _{:& .
. Spermaod
1 (haplaid)
ll'-'l ! 3
(2 ( I f —'l— Head
>\:\ Midprece

Spermmatoronn
(hap o)

Figure 2.8 Spermatogeness s the production of male ganetes, or
spertaterod, through the process of metosis,

Flagellnm

|
.
/__j \

; 200X
Figure 210 Frog tests.
1. Spermatocytes
2 Developing sperim

Figure 2.11 Frog ovary
[. Follicle cells
2 Grerminal vesicle

3. MNucleal

22

Miosis
Crogrimunt
(diploid)
£ Meiosis |
Priimary aodyte —&

{dipluid)

Secondary i
(hapload)

")
. '_":|

|
"-\.
-

Sperin contacts

iy
il secondiry oocvee
I i Meiosis i
[y I I
e — Fertfization of
Palar fermnale mamete [ova)
rardies with mule gunete

degenerate

Maturation

z.ml.:ltr.
{diploed)

Figure 2.9 Ologeness 15 the production of Tenale
gametes, or ova, through the process of meosis

Figure 2.12 (4} Ao meact chicken ege and (b) a portdon
of the shell 3% removed exposing the nternal structures.

1. Shell 5. Albumen {egg whiee)
2. Vitelline membrane . Chalaza (dense alburmen)
3 Yolk 7. Asr space

4. Shell membrane
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1

.

13

; 4

Unfertilized egg

- Muclear membrane

1

2 Mucheus

3. Muclealus Fertilized egg
4

4-cell stage
s 1. Ferabzation membrane
Cell memlbwane

@

8-cell stage 14-cell stage 32-cell stage &d-cell stage
-
1
2
1
3
L]
4
5
Blastula B =
1. Blastocoel Early gastrula
b Blastoeoel 3. Blhagopore G
2. Archenteron 4. Ectoderm Late gastrula
(gaseracoed) 5. Endoderm l. Ecroderi 5. Archenterom
2. Mesenchvme eells (gasreocoed)
AL Coelonuc sac fz. Blastopon:
. 4, Endoderin
Bipinnaria Early brachiolaria
larva larva
{laceral view) {anterior view)
I Oveal lobe I Maouth
2. Moudh 2 Sgamach
3. Coelomic 3 Ariis
pouch
4. Seomach
5. Anus

Figure 2.13 The development of the sea star, Aseerias sp. 10030
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24

Fertilized egg 4-cell stoge

Fertilized egg 2-cell stage

{ransverse section) [transverse section)]

[Masrooe!
Ectoderm

El‘l:l:il:lﬂﬂ'm

Blastula Early gastrula

{rEansverse secton) {transverse section)

Archenteron
{mstracael)

Blostula Early gastrula

(trapsverse section) {transverse section)

Figure 214 Frog development fram fembized epp w early gsrrula, showen in duagram and phormmicmgraphs 100X
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Meural plate
Archenteron
Yolk plug MNowchond develops here
Endoderm
Blastocoel Archenteron
. Ecroderm
Gastrula Early neural plate
{rransve s secton) [rransverse section)
WNotochord R hombencephal on
Mesencephalon Nacochord Metrisgoel Proseucephalon
Presencephalon P2 5
Ol evagnmton e LT i Ol plare
Pharvnx
: Mesaderin
Liver Hearr . Ectoderm Liver Heart
Neural tube stage Late neural tube stage
longitudinal section) {engiudinal seeton)
Motochord Neumenel

Meural tube

Prosencephalon
Pharynx
Apus

Ectoderm Hean

Neural fube stage Late neural tube stage

{rransverse sectiod) {longitudingl section}

Meural tube
Motochond

Gut

Apuz Liumb bud

Late neural tube stage Tadpole stage

(rransverse sectiomn)

Figure 215 Frog development from gastruls to tadpole, shown in diagram aod photonuerographs, LO0X.
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13-hour stage 18-hour stage
1. Embryo main body 1. Mewruladon
formation by prinmingr

28-hour stage 38-hour stage

1. Head fold and bmin 1. Optic vesicle
2. Amery formation 2, Bran wath five regions
A Muscle plare sonures) 3. Hearc

4. Blood vewsel tormaton

5é-hour stage 94-how stage

1. Ear 1. Eye

2. Brain 2. Mesencephalon

A Ewe 3. Heart

4. Heart 4 Wing formation
5, Artery 5. Fecal sac {alluntos)

=

1 Leg formation
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21-hour stage
1. Head fold
2 Mewral fold
3. Muscle plate (somees)

48-hour stage
1. Ear

2. Brain

3, Eye

4. Heart

8, Amery

Figure 2.16 The swges of
chick development. 200X,



Bacteria and Archaea

Bacteria range berween 1 and 30 pome in width or diameter,
The morphological appearance of bacteria may be spiral
(spirillum), spherical {coccus). or mod-shaped (bacillus). Coccl
and bacilli frequently form clusters or linear filunents and may
hawe bacrerial flagella. Relanvely few species of bacteria cause
infection. Hundreds of species of nonpathogenic bacteria live
ou the human body and withi the gastointestinal (GI) tract.
Those wn the GI tract constitute a person’ gur funa and are
biologically cnucal to humans,

Photosynthetic bacteria contain  chloophyll and  release
oxygen during photosynthess. Some bacteria are obligare aerobes
irequire Oy for metabolism) and others are @odtarve anaerobes
{mdifferent to O for metabolsm). Some are obifipare anaerobes
(oxvgen may poison them). Most bacteria are heterotrophic
saprophyies, which secrete enzymes to break down surmounding
organic molecules into absorbable compounds.

Maost Archaen are thoughe to be adapted to a limiced rnge
of extreme conditions, although a few are more cosmopolitin

Figure 3.1 Thiothnx sp.. a genus of bactera that forms
sulfir graiules moirs cviophsin, These orgeisms obtain
energy rom oxadation of H.5

1. Filanents 2. Sulfur grannles

and found in temperate environments. The cell walls of
Archaea lack pepridoglvean (characterstc of bacreris). Archaea
bave disrmcrve RNAs and IRINA polymersse enzynwes. They
include methanogens, wvpically found o swamps and marshes,
and thermoacidophiles found in aced hot springs, acidic soil, and
deep oceanic voloanic vents,

bethanomens exsst i oxoygen-iree environments and subsst
on ample compounds such s €O, acerate, or methanol.
As their name mplies, Methanogens produce methane gas
as a by-product of metabolisog. These orgamisins are typically
found 1 orgnic-rich muod and dudge thar often contun fecal
Wastes.

Thermoacidophiles are resistant to hot temperatures and
high acid concentranons The cell membrane of these organisms
contains high amounts of saturated fis, and their enzymes
and other proteins are able to withstind extreme conditions
without densruration. These microscopic organisms thrive in
mast hot sprmgs and hor, acid soils,

s il n + - L L1
Figure 3.2 A muapnified Thiothrer sp filament with sulfur praoules
in s cyroplasm:
1 Cyroplasm

2. sulfur granules

Figure 3.3 The fist Archaea were discovered 10 extreme
enviromnents such as voleanic hot springs like those found
in Yellowstone National Park
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Korarchacotes
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Euryarchacotes Halobacterunm, Methanghatenta,
Therpmoplasera

MNanoarchacotes

Ulniversal Epsilon proteobacteria
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Escherichis, Rivzobinm
Her proweobactests @ Mtz
9 .‘*
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Riizohirne, Rickettsia
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Figure 3.4 Phylogenes: relatonships and

clsification of major bacreria and archaea lmeages.
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Figure 3.5 The bacteriun Boallus
mteeiteriotin . il 1 capable off
producmy endospores. This species
of Baallus penerally remans in chane
after it divides.

Figure 3.8 The sprochete Tieparnom
pallidusn, This species causes syphils.

L. Treponema pallidinn
2. Whire blood ccll

L - [T
Figure 3.11 An Anabaen sp filament.
This is 2 mmogen-fixing cyanobacterium.
MNitroegen fixaton tikes place within
the heternoyat cells
1. Vegetative cell

2. Heteroeyst

3. Bpore

Figl.l’ﬂ 3.4 Transverse secton through
the root nedule of clover showing
miraceilular nitrogen-fixing bacteria.

1, Cell with bacteria

2. Epadermis
» * "
o
e -
"W
(] ‘ ‘- &

oot

Figure 3.9 MNewscaa gomordioea, This

2 diploceccis thar canses gonorrhes.

Figure 3.12 The Mgellated bacterium,
Psendomonas sp.
1. Flagellum

1 CROFEN

Flgure 3.7 The spirochete, Borella
recprentic. Spirocheres ase devible
wods twasted mto helical shapes,
This species catses relapsitg fever,

1. Red blood cells

2. Spirochete

3. White Hloed cell

Figure 3.0 Au Asmahwens sp filient.
Tha ergasisim is a pirogen-fiving
cyanobacteniun. Nitrogen Bxation rakes
place wichin the heterocysy cells.
1. Heteroeyst 3. Vepetatve
2 Spore (akinete) cell

LA .
Figure 3.13 The conjugation of the
baceesivm Esierichia coli. By this process
of conjugation, genedc material 15
rarsderred through the camugnion

tube from one cell to the other allowing
penetic recombination.

1. Bacrerium 2 Conjugarton mbe
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Table 3.1 Some Representatives of Bacteria and Archaea

Categories
Bacteria
Photosynthetic bacteria
Cyanobacteria
Green bacteria
Purple bacteria
Gram-negative bacterla
Gram-positive bacteria
Spirochetes
Rickettsias and Chlamydias
Mycoplasmas
Archaea
Methanogens
Thermoacidophiles

Halophiles

Deiitr r_.'L v fihi

Asuantelanon

b plants
Dexsitrificrs

Matrates
m 0

(NEYY

Mt g
bacteria

Chpgainie .'.umpmult!t

and nucleotides)

Representative Genera

Anabaena, Osellatoria, Spirulinia, Nostor

Chilorobim

Riwdospirillim

Protews, Peeudemoras, Eschetichia, Rhizobinm, Nassena
Bacllus, Staphylococons, Streprococens, Clostrdinn, Lisseria
Spircfactd, Trepoeimia

Stroptonyces

Ricketisia, Chlamypdia

Mycoplastia

Halohacterinm, s"r:l't'i'hmm;ﬁm_'m"ium
T ?ifrmu.'lp!a.\'nm, Seilfole b
Falohaserivm
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[irrires Armumaonatm
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(MO} ] 13 swil
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f-'_.
z.‘.'.‘

I il i
buacteria noroot
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Frie-living
nurepen-fling
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Figure 3.14 Few orpanians have the abilicy to utilize aonosphieric nitrogen. Nitnygen-fixing bacteria withio the ot nodules of
legumes (and some free-living hactersa) povide o wable source of nitrogen to plaors,



