Making Everything Easier!™

Get a grasp on introductory
biology concepts

o~ Practice your skills with
helpful exercises

~~ Aceyour biology course

Rene Fester Kratz, PhD

Author of Molecular and Cell Biology For Dummies
and Biology For Dummies, 2nd Edition




WILEY
John Wiley & Sons, Inc.



Biology Workbook For Dummies®

Published by

John Wiley & Sons, Inc.
111 River St.

Hoboken, NJ 07030-5774

www.wiley.com

Copyright © 2012 by John Wiley & Sons, Inc., Hoboken, New Jersey
Published by John Wiley & Sons, Inc., Hoboken, New Jersey
Published simultaneously in Canada

No part of this publication may be reproduced, stored in a retrieval system or transmitted in any form or
by any means, electronic, mechanical, photocopying, recording, scanning or otherwise, except as permit-
ted under Sections 107 or 108 of the 1976 United States Copyright Act, without the prior written permis-
sion of the Publisher. Requests to the Publisher for permission should be addressed to the Permissions
Department, John Wiley & Sons, Inc., 111 River Street, Hoboken, NJ 07030, (201) 748-6011, fax (201) 748-
6008, or online at http: //www.wiley.com/go/permissions.

Trademarks: Wiley, the Wiley logo, For Dummies, the Dummies Man logo, A Reference for the Rest of Us!,
The Dummies Way, Dummies Daily, The Fun and Easy Way, Dummies.com, Making Everything Easier, and
related trade dress are trademarks or registered trademarks of John Wiley & Sons, Inc., and/or its affili-
ates in the United States and other countries, and may not be used without written permission. All other
trademarks are the property of their respective owners. John Wiley & Sons, Inc., is not associated with
any product or vendor mentioned in this book.

LIMIT OF LIABILITY/DISCLAIMER OF WARRANTY: THE PUBLISHER AND THE AUTHOR MAKE NO
REPRESENTATIONS OR WARRANTIES WITH RESPECT TO THE ACCURACY OR COMPLETENESS OF
THE CONTENTS OF THIS WORK AND SPECIFICALLY DISCLAIM ALL WARRANTIES, INCLUDING WITH-
OUT LIMITATION WARRANTIES OF FITNESS FOR A PARTICULAR PURPOSE. NO WARRANTY MAY BE
CREATED OR EXTENDED BY SALES OR PROMOTIONAL MATERIALS. THE ADVICE AND STRATEGIES
CONTAINED HEREIN MAY NOT BE SUITABLE FOR EVERY SITUATION. THIS WORK IS SOLD WITH THE
UNDERSTANDING THAT THE PUBLISHER IS NOT ENGAGED IN RENDERING LEGAL, ACCOUNTING, OR
OTHER PROFESSIONAL SERVICES. IF PROFESSIONAL ASSISTANCE IS REQUIRED, THE SERVICES OF
A COMPETENT PROFESSIONAL PERSON SHOULD BE SOUGHT. NEITHER THE PUBLISHER NOR THE
AUTHOR SHALL BE LIABLE FOR DAMAGES ARISING HEREFROM. THE FACT THAT AN ORGANIZA-
TION OR WEBSITE IS REFERRED TO IN THIS WORK AS A CITATION AND/OR A POTENTIAL SOURCE
OF FURTHER INFORMATION DOES NOT MEAN THAT THE AUTHOR OR THE PUBLISHER ENDORSES
THE INFORMATION THE ORGANIZATION OR WEBSITE MAY PROVIDE OR RECOMMENDATIONS IT
MAY MAKE. FURTHER, READERS SHOULD BE AWARE THAT INTERNET WEBSITES LISTED IN THIS
WORK MAY HAVE CHANGED OR DISAPPEARED BETWEEN WHEN THIS WORK WAS WRITTEN AND
WHEN IT IS READ. :

For general information on our other products and services, please contact our Customer Care
Department within the U.S. at 877-762-2974, outside the U.S. at 317-572-3993, or fax 317-572-4002.

For technical support, please visit www.wiley.com/techsupport.

Wiley also publishes its books in a variety of electronic formats and by print-on-demand. Some content
that appears in standard print versions of this book may not be available in other formats. For more
information about Wiley products, visit us at www.wiley.com.

Library of Congress Control Number: 2012935793
ISBN 978-1-118-15840-1 (pbk); ISBN 978-1-118-22606-3 (ebk); ISBN 978-1-118-26404-1 (ebk);
ISBN 978-1-118-23936-0 (ebk)

Manufactured in the United States of America
109 87654321

@

WILEY




Publisher’s Acknowledgments

We're proud of this book; please send us your comments at http: //dummies.custhelp.com. For other
comments, please contact our Customer Care Department within the U.S. at 877-762-2974, outside the U.S. at
317-572-3993, or fax 317-572-4002.

Some of the people who helped bring this book to market include the following:

Acquisitions, Editorial, and Vertical Websites Composition Services
Project Editor: Heike Baird Project Coordinator: Nikki Gee
Executive Editor: Lindsay Sandman Lefevere Layout and Graphics: Carrie A. Cesavice,
: Joyce Haughey, Jennifer Mayberry,
itor: Todd Loth
Copy Palion: Tudd Lovery Christin Swinford

Assistant Editor: David Lutton

Proofreaders: John Greenough, Mildred Rosenzweig
Editorial Program Coordinator: Joe Niesen

Indexer: Palmer Publishing Services
Ilustrator: Kathryn Born
Special Help: Medhane Cumbay

Technical Editors: Kimberly Lyle-Ippolito,
Allison Thomas

Senior Editorial Manager: Jennifer Ehrlich

Editorial Assistants: Rachelle S. Amick,
Alexa Koschier

Art Coordinator: Alicia B. South
Cover Photos: © iStockphoto.com / Michal R6zewski
Cartoons: Rich Tennant (www . the5thwave . com)

Publishing and Editorial for Consumer Dummies
Kathleen Nebenhaus, Vice President and Executive Publisher
Kristin Ferguson-Wagstaffe, Product Development Director
Ensley Eikenburg, Associate Publisher, Travel
Kelly Regan, Editorial Director, Travel

Publishing for Technology Dummies
Andy Cummings, Vice President and Publisher

Composition Services
Debbie Stailey, Director of Composition Services



About the Author

René Fester Kratz, PhD, grew up near the ocean in Rhode Island. From a .
young age, she wanted to be a teacher (because she loved her teachers

at school) and a biologist (because her dad was one). She graduated from
Warwick Veterans Memorial High School and went on to major in biology at
Boston University. As a freshman and sophomore at BU, René got excited by
subjects other than biology and even considered changing her major. Then,
she met and studied under Lynn Margulis, who reignited René’s love of biol-
ogy and introduced her to the world of microbes. René graduated with a

BA in biology from BU and went on to earn an MS and a PhD in botany from
the University of Washington. At UW, René studied reproductive onset in
Acetabularia acetabulum, a marine green alga that grows as single cells big
enough to pick up with your fingers. When they enter reproduction, the cells
of A. acetabulum form a flat disk or cup-shaped structure at the top, earning
the alga the nickname of the “mermaid’s wine glass.”

René currently teaches biology and general science classes at Everett
Community College in Everett, Washington. She spends most of her time
introducing students to the wonders of cells and microbes as she teaches
cellular biology and microbiology. René also has a strong interest in sci-
ence education and science literacy for everyone. As a member of the North
Cascades and Olympic Science Partnership, she helped create inquiry-based
science courses for future teachers that are based on research on human
learning. She loves teaching these courses because they make science acces-
sible for all kinds of people. In the summer, René enjoys working with K-12
teachers on the improvement of science education in the public schools.
She also enjoys writing about science and is the author of Molecular & Cell
Biology For Dummies, Biology For Dummies 2nd edition, Botany For Dummies
(all published by Wiley), and E-Z Microbiology, 2nd edition (Barron’s
Educational Press).

René loves living in the Pacific Northwest because she is near the ocean and
her daffodils start blooming in February (when her family back East is still
shoveling snow). She doesn’t mind the rain and thinks the San Juan Islands
are one of the most beautiful places on Earth. Her husband, two sons, and
two very bad dogs help her remember what is truly important, and her “sis-
ters” help keep her sane. René loves to scrapbook, stitch, garden, and read.



Dedication

Happy 70th birthday to my mom, Annette — without your support and
encouragement, [ wouldn’t be where I am today. Love you always.

Author’s Acknowledgments

Thanks to Matt Wagner of Fresh Books, Inc., for helping me find the oppor-
tunity to work on this book. And thanks to all the great people at Wiley who
made it happen: my project editor, Heike Baird; the executive editor, Lindsay
Lefevere, who helped get me started on the project; Alicia South, who coor-
dinated the art; and Kimberly Lyle-Ippolito and Allison Thomas, my technical
reviewers. Thanks also to Nikki Gee, the project coordinator.

On the home front, thanks to my husband, Dan, and my sons, Hueston and
Dashiel, for all their love and support.



Contents at a Glance

E A EEEEEEEEEEENENEEFNEEEENEEEEFEEEFEFEEEE S N 2 € & 02 6 88 e 8 e e B
Introducti 1
ntro uct’on I-....I.‘I-III.-...‘.-....--...‘--I‘.I.I...---IIIII-II-.I.-II-.II.......I-.I

Part I: Getting the Basics...............ccceeeeeeeeeeeeeeeeceeecueeaeeeanesceeass T

Chapter 1: Figuring Out the Scientific MEthOd.......c.coucivicivieniieieiet e et ser e s 9
Chapter 2: Solving Problems in the Chemistry of Life ...........cccooeiveeeeereeeeeeeeeeee e eeeeee e 21
Chapter 3: Identifying Cell Parts and Understanding Their FUnctions.............cccovvvvvveeeevevennnnn. 43
Chapter 4: Tracking the Flow of Energy and Matter .............cco.oovveioiiviiivecreeseseeeenes e seseseses e 55
Part 1I: Creating the Future with Cell Division and Genetics...... 79
Chapter 5: Divide and Conquer: Recognizing the Phases of Cell DiviSion ............ccoevevevvvnn.nn. 81
Chapter 6: Predicting Future Generations with Mendelian Genetics..............cccveeeeeeeeeeeeeeennnn. 101
Chapter 7: Taking Genetics to the DINA LEVEL ...........occouieeiiuieieieeeceieeeeeeeee e en e 113
Chapter 8: Going Straight to the Source with DNA Technology ..........ccoceeeveeueeeeeeereeeneseeesrsseenns 131
Part 11I: Making Connections with Ecology and Evolution........ 143
Chapter 9: Organizing the LiVINg WOTI..........c.c.oovovivieiiiieiieee et enes e eees e nen e 145
Chapter 10: Connecting Organisms in ECOSYSTEIMS ..........c.c.oovvviieeeeieeeeeeeeeeeeeeeeeee e eee e eeen e 153
Chapter 11: Evaluating the Effects of EVOIULION .........c.c.cc.c.cviveiieeeicccicec e 169
Part 1U: Getting to Know the Human Body............................ 177
Chapter 12: Building Bodies with the Skeletal and Muscular SyStems..........coceeeveveeveereveennnnn. 179
Chapter 13: Giving Your Body What It Needs: The Respiratory and Circulatory Systems..... 189
Chapter 14: Processing Food with the Digestive and Excretory Systems............cccccooovuveuean... 201
Chapter 15: Fighting Enemies with the Immune SyStem.............cccvueeuiveereeerseeeeeeerssrerseenesesons 211
Chapter 16: Sending Messages with the Nervous and Endocrine Systems............ccoocovveueunn... 221
Chapter 17: Making Babies with the Reproductive System ........................ 231
Part U: Going Green with Plant Biology................................ 243
Chapter 18: Studying Plant SErUCHUIES ...........ccoovoiiviiieiieieeeecieee et eee e sene s es s snes e 245
Chapter 19: Pondering Problems in Plant PhySiology ..........ccc.ocuiuiemiineeoeieeeeeeeeeeeeee e 261
Part Ul: The Part of Tens............cccceeeeeeceeeesececcecscecceccescneees 271
Chapter 20: Ten Tips for Getting an A in BiOlOY ..........ccoououevieeeeeereieeeeeeeeeeeeeeeeeeeee e es e es s 273
Chapter 21: Ten (Plus One) Great Biology WeDSItes ............ccc.ooueviviveeeieeereeeeeeeeeeeeeeeeeeeeeereseeen e 277

TNACK «.eeeeeeaaeeeeeeeeeeeaaeeaeeeeeeeaaenseeeeseassnereesssssnsseessssnaees 281



Table of Contents

A BN B B B OBE BF NE BN NN LA B B R AR - ARl RS R A R R R R RN RN Y R R R T A R R Y N

Introductwn 1

ADORE ThiS BOOK....cp 0 cirisieerms nsdisesiinsiassvsssosnn shondos bR foihanibss s lts meiassnosssssynsamasivssesisnisense 1
Conventions Used in ThiS BOOK............c.oiuieuiuiiuieieieiieiieetee e eeee e eeeeseene s ensna 2
Foolish ASSUTIDIONIS . ikiri s horio s isn i i ebesrdini s S et dns s smsnns snssonsatensabondrnsonneres 2
How This Book Is Organized . c..civeicmiv it msiitt it smiiiestetissrasshessaiuosntsassessiane 3
Part:12Getting the Basioss v mibo st i s iammmi s s 3
Part II: Creating the Future with Cell Division and Genetics ............cccccoeevven..... 3
Part Ill: Making Connections with Ecology and Evolution............cc...cccouevevvuenn... 4
Part [V: Getting to Know the Human Body ...........c.ccooeouimioeiiiiiiieeceeeee e 4
Part V: Going Green with Plant Biology ........ccccciiiiiiiiiioomiciososssonsmsons 4
Part VI: The Part of TelS 2. o iviiinn nitiisie il ivsisisstasssosessusiusssessesssssonssssansses 4
Icons Used in-This-Book siiaiimimsamamissfitonise st im i idda e verescsosssssemis 5
Where 1o Go oM Her@uis .t waaumssininimssiisionssitds i o isssists sitssoionssonsasnanesesin 5

Part I: Getting the BaSiCs .............cceeeeeeceeceeeeeeeaeeeeeeaeeeovasceaenaes T

Chapter 1: Figuring Out the Scientific Method .............................. 9
Developing HYPOTNESES ........c.cviiiiiiieeceeeeeee e ee et eeene s 9
Practicing the Scientific Method.............cc.ouiiiiuiioeieceeeeeeeee e 10
Designing EXpDOTIMENES . ..o rnsmarsiviirmasios i b flaisiams et bor b besoniansonsscaseshessaeaseash 12
Making an Experiment COUNT . q. i s sl iiomnis bbbt i oiins s b s issstonsstensmnmes 16
Bullding TREOTIES ... iiuseeihosmensescuserssassanssassyrassiinssiosisssscasiiichoss il dosesins i sssmbbvsasasenssonsssexssisnse 17
Answers to Questions on the Scientific Method ...........cc.cccoovevieereresrieveeiisessereesaressons 19

Chapter 2: Solving Problems in the Chemistry of Life....................... 21
MapDING ACOTHS. ... s55.suassburmscsnatsissviaiossmssissl s sy i oot e AL earosSrms e pnmes arontn 21
Elermental ThinBing. .ol ol s senseiinsn fonto et o sl e B staben ki dskmanse seonss 23
Figuring Out MOIECULES ..........c.ouiieiiiiceec ettt eeeea e eeesseerena 25
Recognizing MacromoleCules .............c.ooouiieieiiceciiceeeee e eee e eve e er e e 28

Staying sweet with Carbohydrates ............coooveveeiiieuieieiieeie e ererens 29
Getting things done With Proteins ..........ccccooeeveveveieriiveiieeeeee e eeeseresere e ene 31
Making plans with nUCIEIC ACIAS ....uvvveuiieiiiiiiiiicci et eenne 33
Storing energy and building boundaries with lipids ...........cccccovveveeereveeieneenns 36
Answers to Questions on the Chemistry of Life...........c.co.cooveeeieeiieoeeeieeeeeee e 40

Chapter 3: Identifying Cell Parts and Understanding Their Functions ........ 43

IntroducingiCells. ... ..cosistvmiimmbumismmetsunisssmotans bt ottt e s sk s e sdnnconmnn et 43
Holding it all together: The plasma membrane ..............c..ccoceoveeeveveeeveseeresnns 45
Getting in and oUt Of CellS.........c.oovieeeeirieeriici et es e ssessesssnseins 46
Creating proteins: RIDOSOMES . cciiiiiiniicinissiinisiitsismmesseessossssesansrsenssinesseseas 48

Taking a Tol Of AIELCEIE ..o cimonitein i BT s S bihi R sacieamsmerneresonimsmenere) 48



Biology Workbook For Dummies

Checking Out PIant CeIIS ...........cceruiiereiitiicieeiieceiicniieasisse s et 50
Peeking at PrOKAYYOEES oii o i siini st bivsssnssas s sioaiomsiens sessosssusssssssnsestssssnsarasonsassnsssssssos 52
Answers to Questions 0N Cells .........ccoceviiiieriiiiiniiiiii e 53
Chapter 4: Tracking the Flow of Energy and Matter ........................ 55
Figuring Out the Role of FOOd ...ttt 58
MAKE L OF BIBAKTE.............s e rnsrnensomesumennns danisss TR RS ETASSE SR F RO PO s Sa PR SRR 5750 56
Feeling energized about eNergy ...........cceceinmininniinininnisinnisiisensesseeneees 57
Getting A TEACLION ....ccvivimiicsomiliiiiiontidleboiibiadsissbesssmasatsssssssssissnssssonsasnsasarsasssnsss 58
Transferring energy with ATP .....c.ccooooiiiiiii e 60
Moving your metabolism with €NzZymes ..., 61
Reduce, TEUSE, TECYCIE ......cviiiiiiianniiimirisieeiimsiiiosmmsmesesnssssssssesssesassssnens 63
Photosynthesis: Cooking Up Carbohydrates...........ccooeieiiinniiiiniiis 64
Light reactions of photosynthesis: Transforming energy
from the ultimate energy SOUICe..........ccccoviiminiimiiiiieie e 66
Light-independent reactions of photosynthesis:
Putting matter and energy together ..., 67
Cellular Respiration: Extracting Energy from Food ... 69
Glycolysis and the Krebs cycle: Breaking down glucose to carbon dioxide... 70
Oxidative Phosphorylation: Transferring energy to ATP ..., 72
Answers to Questions on Tracking the Flow of Energy and Matter..............c.......... 15

Part 11: Creating the Future with Cell Division and Genetics ...... 79

Chapter 5: Divide and Conquer: Recognizing the Phases of Cell Division . ... .. 81
Talking 'bout the GENETrations ............cccevieiiiiiiineiiiiiisisi s s s 81
Duplicating and Dividing Your DNA ... 82
Riding the Cell CYCLE ...uevuimurririiiiinirncriens et 86
Marching Through MItOSiS.........cccciuninirininneninnenses st 87
Getting Ready for Sexual Reproduction ... 91
Making Gametes by MeIOSIS .......ccoovviiiiiiiiiiinie i 93
Contrasting Mitosis and MeIOSIS ...........ccvuieiiinininiiiiiei s 96
Answers to Questions on Cell DIVISION.......cvviiimiiiniiisei 98

Chapter 6: Predicting Future Generations with Mendelian Genetics ......... 101
Getting Acquainted with the Lingo of Genetics ..., 101
Discovering the Laws of INheritance..........couvniieiniinininini e 103
Figuring Out GENnetic PUZZIES ........coccveiriiveiiieiiisiini et s 106
Climbing the Branches of Your Family Tree ... 107
Answers to Questions 0N GENELICS ..........coceiiiiciininienieniiiisenisese s cntsessestsneasnes 111

Chapter 7: Taking Genetics tothe DNA Level......................cconee 113
Going with the Flow of Genetic INformation ..o 113
Making a Copy of the Genetic Code: Transcription ... 114

Locating genes within a ChromoSOmE ..........c.ccevimiiiiieinieieniiinie 116
Doing transcription one step at a time ..., 116

Putting on the finishing touches: RNA processing.........ccocoiminniiniininns 117



Table of Contents

Decoding the Message intmRNA: Translation,..cadimndntnae e it eissssensess 118
Deciphering mRNA codes with tRNA ..........cccooviiinneiiienrececrnerres e 120
Doing translation one step at @ time ...........cccceeeeieieceeieeeceeece e 121

Measuring the Impact of MUtations ............ccc.eocviereeiieceieececeeecee e s 125

Answers to Questions on the Genetic Code..........ooouimmiemeeeeeceieeeeeeeeeeeeenns e 128

Chapter 8: Going Straight to the Source with DNA Technology ............. 131

Discovering the Power of DNA Technology ........ccccoueeieeereiececciice et 131

Cutting DNA with Restriction ENZYmEs ..........c.ccc.oovviiiveieeeicecccce e 132

Separating Molecules with Gel Electrophoresis.............ccoceveoeveevieeveieeeccececee e 135

Copying DNA With PCR .....cvoiiieriirneseie s et sresesneressssssessesesssnesesssenns 137

Reading a Gene with. DNA SeqUEeNCING........couvcicismesissmessessistisissiosmpssossssiisasssnsssserees 138

Answers to Questions on DNA Technology .........ccoeceireeeinieseeeeieeieeee e 141

Part I1I: Making Connections with Ecology and Evolution ........ 143

Chapter 9: Organizing the LivingWorld . ................................. 145
Examining Relatiomships 05 G0 v daidiliinnimiiidaehi b ot 145
Classitying Life -, . bueitButmmifss Samssesssnoss sovenssssesssius seneiriidhabashesnsivigbede s sissnvsisssusness 147
Figuring Out Relationships from Phylogenetic Trees..........ccccoevecveieveceeveeirneieenene 149
Answers to Questions on Classification and Phylogeny ...........ccccccceuevieeiiieerinennne. 152

Chapter 10: Connecting Organisms in Ecosystems ........................ 153
Ecosystems: Bringinig'It'All Together ...t Gl it 153
Describing POPUIAtIONS........ccciieiiieiicicece ettt ettt ent e eers s 155
Tracking Changes in POPUlations ...........ccoouioieiioiiee ettt eneenen 157
Getting Along with Other SPeCies........ccocuioiiiieiiieiieeeeeee e 160
Discovering the Job Descriptions of Organisms ............ccccoeveevuieeeeveiieceicceceeeeane 161
Following the Flow of Energy through ECOSYStems .........ccoccveivireineiiiiniisinieniene 162
Recycling Matter within ECOSYStEMS .......cccooiviiriiiiiinieeiicccce e 164
Answers to Questions on ECOSYStEMS .......cccccciiiiinieriiisieceiiiceee et 166

Chapter 11: Evaluating the Effects of Evolution ........................... 169
Defining EVONItION: .. ocuiryessnvssnotoms seessn st voions s asis thsmminssnniFealfinasninnsammensnsansan 169
Predicting the Outcome of Natural Selection ...........cocooueeeiiieiviiveeieeeceee e 171
Supporting the Theory of EVOIULION .........cc..ccoeviiiuieiieeiiceercicceeceeee e 172
Answers to Questions 0N EVOIULION .........ccoiiouiiieieeeeeeeeee et 175

Part 1V: Getting to Know the Human Body .................cccueeeeee 177

Chapter 12: Building Bodies with the Skeletal and Muscular Systems ...... 179
Moving Around with Friction and Gravity..........iameismansimisssioissmesonsrssasesiss 179
Getting Support from Skeletons and BONES ..........ccceevviveicniieeeisrereieeeceeseeseereeeeeeens 180
This JOINt IS JUMPIN ....ueiiiiieiiiieeieee ettt ae e sr e eaesnsesresnseenmsssresssessnenns 184
Flexing Your Knowledge of MUSCIES .........ccocoeierriineienieesieee e 185

Answers to Questions on the Skeletal and Muscular Systems............occeeevvevvenenen. 187



xii

Biology Workbook For Dummies

Chapter 13: Giving Your Body What It Needs:

The Respiratory and Circulatory Systems..................ocoiiiiiiann. 189
Catching Your Breath: Animal Respiration ...........coiveinnennienninineninncscseciisecinenen. 189
Taking a Breath with the Human Respiratory System............ccooveniiiininn 191
In with the Good, Out with the Bad: Animal Circulatory Systems ............cccccceeevenees 192
Navigating the Human Heart and Circulatory System ............cocoeiiiiiiiinincnnnncnncnnn. 193

Entering the:cardiac CYCle .......cuiummsisimmimsimmimiisminsniirssiaminsmmsme. 195
Oxygenating the blood: Pulmonary circulation ..., 196
Spreading oxygenated blood around: Systemic circulation.............c.cccccoe 197
Answers to Questions on the Respiratory and Circulatory Systems....................... 199

Chapter 14: Processing Food with the Digestive and Excretory Systems. ... .. 201
Got Food? Understanding What Happens When Animals Eat ... 201
Moving Along the Human Digestive System.........c..oooviiiniiiininiis 203
Filtering Fluids through the Urinary SyStem...........cooiiniiiiiiiiiniiiiie 206
Exploring the Inner Workings of the Human Kidney ..o 207
Answers to Questions on the Digestive and Excretory Systems............c.oceiiiines 209

Chapter 15: Fighting Enemies with the Immune System.................... 21
Microbial Encounters of the Best and Worst Kinds........c.cccovvieiiiiciiiiiininiiiinnn 211
Investigating Your Built-In Defenses ..., 214
Fighting Back with Adaptive Immunity ..o 216
Answers to Questions on the Immune System ... 219

Chapter 16: Sending Messages with the Nervous and Endocrine Systems . . .221

Mapping out Nervous SYStEIMS ......cuuisuisitermisnserssssmnssnmssssonssesssssssessassesasssssesisssassons 221
Getting Off YOUF NETVES .........coovrorinsusiseississesnsssssisiosissssisssrssissssssssssssasassossasssassssstsess 223
Getting in on the Action Potential ..., 225
Regulating the Body with Glands and HOrmones.............ccooviieniiinniininnns 228
Answers to Questions on the Nervous and Endocrine Systems ............cccoceoienee. 230
Chapter 17: Making Babies with the Reproductive System................. 231
Identifying the Parts of the Male Reproductive SyStem .........c.cooooeiiiinnincnnnace. 231
Identifying the Parts of the Female Reproductive System ............cccociieninniinn. 233
Following the Female Ovarian and Menstrual Cycles..........covevimiiinncnicnnne. 235
Fertilization through Birth: Developing New Humans.........c..cccooiiiniiinnnn, 237
Answers to Questions on the Human Reproductive System ............ccooveiiiiiann 241

Part U: Going Green with Plant Biology ..........ccccoceeuiianiannan. 243

Chapter 18: Studying Plant Structures . ..................ocoiiiiiinnnnn 245
Peering at the Parts and Types of Plants ..., 245
Taking a Look at Plant TiSSUES .......cccceiiiisisinnmsieriarsisnnsinnessissssnnssnssssssisisimmiee. 250
Growing Like a Weed: Plant Reproduction...........ccceiieiiivenssicniininennncncsinicisnnanes 254

Answers to Questions on Plant Structures ... 259



Table of Contents xi i i

Chapter 19: Pondering Problems in Plant Physiology...................... 261
Taking MInerals S rOmMNESOM . .. 55 coreiviotitissiisosssivssismmsssiosesssesmnsssaiosinbnens eonnsessornts 261
Pulling Water Through Plants............c.ccccccooiiinninnninieceeeeeee e 263
Sending Sugars from Sources to SinKS...........c.coueiveieiiieeieeeeeieeeeeee e Aususervensy 264
Sending Signals with Plant HOrmMONES ...............cc.ooviiiieeneeeeeieeeeeeeee e e e 267
Answers to Questions on Plant PhYSIOIOEY ............cccivnivuisiinssisssossossssissesssssassasssase 269

Part Ul: The Part of Tens...........cceoeeeeeieecececeeceeneccneeneeceeceeceas 271 -

Chapter 20: Ten Tips for GettinganAinBiology.......................... 273
PUt in YOUY Time.......ccoiiiiieiiceee ettt e es 273
Make Vocabulary FIashCards ..o een 273
PACE YOULSOIE .. cocicuisssnsinssssimamonssriotcrsstuiororivvsnssussvasissarsssininasnsnpsinsiss ot miars fbaneExsansearesesass 274
Study Actively, NOt PasSIiVELY.......ccccoieirieiiiieieicieeseee et anne 274
Phone a Frend ......c.coiiiiniiiiiee e e et n e een 275
Test Yourself Before Your Instructor Tests You......... T - NN O 275
Maximize the Easy POINES ......ccocciiiriiciiiicceect e e e e seenn 275
ASK fOr HEIP UPFIONL .....ocveiiiiiiiieieeceecece ettt ee e 276
USE YOUT RESOUICES ......oveniiiiiieiesieecteeee ettt ettt e e e en e e e enens 276
Don’t Leave It in the ClasSIOOML...........ccoouiuiiiiieieieieee ettt eeeeeve e enane 276

Chapter 21: Ten (Plus One) Great Biology Websites....................... 2711
DUMMIES M .ouvalsesiiinmsassralidissin st imsmrisr o imas s 5t b oninamursvos bTone b dbesbebens 277
The Biology Project at the University of Arizona.............coeveeveeeeeeveeeeeeeeeeeeeeesanns 278
Genetic Science Learning CeNtEr...........ccoovuiiiiieeerieiieeiieieeeee e eeeeeee e eeesseeeen 278
DNAfrom the Beginnillg . il abeionimeensboressassseiibisdebosshisosinnsdedossbaiorsiobibSassissesssidebive 278
Life: The ScieNCe of BIOIOQY ... csuersmisoisisronsiisaseasshonssisacvaisiossbniso fossshost siabsiarensi s 278
The BIOIoBY COYNEE .......ccoumimisimenimssonssonssasiassusssnsasmsssssssasessiosiossbosisonsnisasessoissst ssonsssnsssnss 278
CellS ALIVE! ...ttt a e ettt st e e et e e e e e e e e ne 279
The VIrtual Cell......cc.oiwmminmmmnasmmsnsinomemssrosressoresessbrassassscrsmemsranssesssssssasssmssassaisantans 279
The Virtaal Plant Celli ..o nmeiiiu it bontie i st b i o 279
ONHACOIL i S o five i snsbbbonststors sousbasimonssessssooinisavesbonlembmmmn e e et r st e imaes 279
HHMI Biolnteractive Holiday LECTUIES .........c.oceuiuiiviirieiiiirenisrereeeseeeeresesesensenssensans 279

INAEK .....caeeaaaaaaaeaaaaaaeeeeeeaenneeaeasnssenasaseressasseesssssseesssneeees 281



x"/ Biology Workbook For Dummies




Introduction
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Living things are all around you, from the bacteria that live on your skin to the green
plants that cover the land to the majestic blue whales that swim through the ocean.
You're aware of many of these forms of life, but have you ever taken a look at the single-
celled creatures in a drop of pond water? Or thought about the many different ways your
life depends on the actions of plants and bacteria? The journey to discover more about the
living world around you is at the heart of biology.

Aliving organism can be as simple as a single cell or as complex as a human being, but no-
matter how different they may seem, all living things on Earth have fundamental similari-
ties: They're made of cells that contain DNA, and they all grow, move, get energy, use raw
materials, make waste, and reproduce. These similarities among all living things illustrate
how all life on Earth is part of the same big family tree. And the differences in how each
type of living thing achieves these same goals — well, the differences are what make biology
fascinating. -

Beyond increasing your appreciation for other kinds of life, the science of biology can help
you understand your place in the living world. At first glance, you may think that people
can do everything for themselves — get food from the grocery store, build their homes, and
make their clothes — but a closer look quickly shows how dependent people are on the
rest of the living world. People depend on plants and green bacteria to make the food that
supports food chains that include agricultural species. These green organisms also make
the oxygen that people need to sustain life. Bacteria and fungi in the soil break down dead
organisms, recycling matter so that other living things can reuse it. Clearly, people can't
survive on planet Earth alone.

I hope that you enjoy your exploration of the living world and come to appreciate the mar-
velous diversity of life on Earth. I also hope that the information in this book improves your
performance in biology class, specifically (gulp!) your exams. This truly is a living planet,
and the more that people understand the connections among living things, the better
choices they’ll make about the future of the world.

About This Book

Biology Workbook For Dummies is designed to help supplement your learning in a biology
class or to use as a companion for your self-guided exploration of biology using Biology

For Dummies, 2nd edition (Wiley). This workbook isn’t intended to replace a textbook but
rather to highlight essential information in an easy-to-understand format and quiz you on it.
I provide many straightforward lists of the fundamentals you need to know about the vari-
ous subjects you'd typically encounter in a biology class, along with problems on which you
can practice and reinforce your understanding. I provide answers to all the practice ques-
tions and include explanations of why some answers are right or wrong.
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If you're taking biology, your instructor may present material in a different order than the
organization I use here, so be sure to take advantage of both the table of contents and the
index to navigate where you need to go.

Conventions Used in This Book

In order to explain topics as clearly as possible, | keep scientific jargon to a minimum and
present information in a straightforward, linear style. I break dense information into main
concepts and divide complicated processes into series of steps.

To help you find your way through the subjects in this book, I use the following style
conventions:

L 1 use italic for emphasis and to highlight new words or terms that | define in the text.

»# | use boldface to indicate key words in bulleted lists and the action parts of numbered
. steps.

! » T use monofont for web addresses so they're easy to recognize.

¢ 1, When this book was printed, some web addresses may have needed to break across
| two lines of text. If that happened, know that [ haven’t put in any extra characters
(such as hyphens) to indicate the break. So when using one of these web addresses,
type in exactly what you see and ignore the line break.

Foolish Assumptions

As I wrote this book, I tried to imagine who you might be and what you might need to under-
stand biology, and here are some assumptions I made:

§ + You may be a high school student taking biology and maybe preparing for an advanced
placement test or a college entrance examination. For you, I've tried to extract the
essentials about each subject and organize them into short lists that are easier to
study than long paragraphs. I've also written problems for you to practice on and given
you links to websites with great animations and tutorials.

» You may be a college student who isn’t a science major but is taking a biology class to
' help fulfill your degree requirements. For you, I've tried to get the main ideas across
with as little scientific jargon as possible. If you find that you get overwhelmed in your
biology class, try reading a section in this workbook before you go to class to hear

a lecture about the topic. That way, you’ll have some of the big ideas in your mind
before your instructor starts adding all the details. Also, many non-science students
are a little shocked to find that their usual study habits don’t work well for a science
class, so be sure to read my tips in Chapter 20 on how to get an A in biology.

" 1 You may be someone who just wants to know a little bit more about the living world

. around you. You may have picked up Biology For Dummies, 2nd edition, or some other
biology text because you want to take a deeper look at the living world. For you, this
workbook will make a nice companion and give you a chance to test yourself on the
practice problems to see how well you're learning the information.
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Whatever your reason for picking up this book, I've done my best to explain the topics of
biology simply and effectively and to create some challenging practice problems to help
improve your learning. I hope you find this workbook helpful.

How This Book Is Organized

I've arranged this book to follow the order of topics in many biology textbooks, with a few
minor differences. Like all For Dummies books, each chapter is self-contained, so you can
pick up the book whenever you need it and jump into the topic you're working on. After

I explain a subject, I use that information in later topics. So if you don’t read the book in
order, you may occasionally have to refer back to an earlier section for some background
information. When that’s the case, I refer you to the appropriate section or chapter.

Part I: Getting the Basics

Biology is the study of life, but as I'm sure you know, life is complex. To simplify it, | break
the all-encompassing subject of biology into smaller, more palatable chunks. To start, |
explain the way that scientists study biology. This scientific method holds not only for biol-
ogy but also for chemistry, psychology, physics, geology, and other sciences and social
sciences. Knowing how scientists conduct, challenge, check, and recheck research makes it
easier to appreciate the value of scientific information.

In this part, [ spotlight the basic unit of life: the cell. Every organism — whether it’s a human,
a dog, a flower, a strep throat bacterium, or an amoeba — has at least one cell; most have
millions. After you have a grasp of how cells are the powerhouses of bodies, I review the
types of molecules that are important to their functioning. Included in this first part is the
often-dreaded but oh-so-necessary review of basic chemistry. To learn biology, you must
understand some basic principles of how chemicals function. After all, the bodies of every
living organism are big sacs of chemicals. Chemical reactions generate every process that
occurs in your body, such as those that occur during the metabolic processes in plant and
animal cells. So in this part you delve into topics such as enzymes, energy transfer, and how
plants make food from scratch, using just carbon dioxide and water!

Part II: Creating the Future with
Cell Division and Genetics

Cells reproduce, giving rise to other cells. Sometimes cells make exact copies of themselves
in order to repair, grow, or produce offspring that are genetically identical to the parent.
Some organisms mix it up a little by engaging in sexual reproduction, creating offspring that
have combinations of genes that are different from those of their parents.

But whether organisms reproduce asexually or sexually, the parents’ traits are visible in
their offspring. Ducks make ducklings, and from little acorns mighty oaks do grow. Offspring
inherit their traits from their parents because parents pass DNA to their offspring. DNA con-
tains the blueprints for proteins that do the work in cells and thus determine an organism’s
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characteristics. Biologists today are busy unraveling the mysteries of DNA, giving humans
unprecedented power over the very stuff of life. This part walks you through all these topics
and gives you plenty of chances to test yourself on what you've read.

Part 111: Making Connections
with Ecology and Evolution

All the amazingly diverse forms of life on Earth interact with one another. In this part, you
become more aware of the living part of Earth as one big, interconnected ecosystem called
the biosphere. Living things aren’t just connected with one another today; they also have
connections to the living things of the past. The science of evolution studies those relation-
ships and uses them to understand present and future changes in the populations of living
things on Earth today.

Part 1U: Getting to Know the Human Body

Organisms respond to changes in their environment, trying to maintain their internal condi-
tions within a range that supports life. Animals have many different systems that support
this balance, which is called homeostasis. In this part, | explain most of the systems that
support the structure and function of the human body and touch on how humans compare
to other animals.

Part U: Going Green with Plant Biology

Our green neighbors are very quiet and sometimes get overlooked in the hustle and bustle of
animal life. However, the importance of plants to life on Earth simply can’t be overstated —
they’re the food makers, after all. Without plants (and green microbes), nobody else would
have anything to eat! And when you take a good look (and you do in this part), plants are
pretty interesting. Just like animals, they’re made of cells and have systems to transport
materials around their body and exchange matter and energy with their environment. Their
structures are well suited to their lifestyle, and many plants are things of beauty. Just ask
someone in your life who likes to garden! To test your green thumb, flip to the chapters in
this part.

Part Vl: The Part of Tens

This part contains two short chapters with lists of ten or so items. I give you tips for getting
an A in biology-and links for some websites that will help you do just that!



