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Today’s NSDL Experts:

Sarah Bordenstein
Marine Biological Laboratory
Education and Outreach Coordinator

Dr. Seth Bordenstein
Evolutionary Geneticist,
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MBL Biological Discovery in Woods Hole

e International center
for research,
education, & training
In biology

e QOldest private
marine laboratory
(1888)

e 51 Nobel Laureates

 Microbial diversity,
evolution, ecology,
and genomics
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Microbial Life
About MLER
Search Site
Extreme Environments
Marine Environments
Microbial Observatories
Research Methods
Teaching Methods

Integrating Research
and Education

Online Resources

Resources for K-12
Teachers and Students

Resources for
Undergraduate
Students and Faculty

Topics of Interest
Submit a Resource

Microbial Life - Educational Resources

Teaching and learning about the diversity, ecology and evolution of the
microbial world; discover the connections between microbial life, the history of the earth and our
dependence on micro-organisms. '

This site contains a variety of educational and supporting
materials for students and teachers of microbiology. You
will find information about microorganisms,
extremophiles and extreme habitats, as well as links to
online provides information about the ecology, diversity
and evolution of micro-organisms for students, K-12
teachers, university faculty, and the general public.

P Shaw captian

Microbial Life in Extreme Environments:

|« Find out more about the extraordinary micrbobes that inhabit some of the most
inhospitable environments on Earth.

¢ Who are the extremophiles?

s Examples of extreme environments.

# Show caption
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or browse interngt resources

Microbial Life Search Online Resources
About MLER

Extreme Environments
Marine

Microbial Observatories
Research Methods
Teaching Methods
Topics of Interest

Online Resources

Resources for K-12 We invite and encourage contributions to the collection, particulary new learning activities based upon the
Teachers and Students resources found here.
Resources for

Undergraduate

Students and Faculty || l I search I

Integrating Research Helo

and Education
Eukaryotes in Extreme ENVironments part of SERC Web Resource R il i
Colection 60 matches General/Other
h f Fosvews nhm.ac. ubefz 'extreme. html E\Cﬂlﬂ'ﬂ?m
This article is a compilation of information about free-living Evolution 139 matches
eukaryotes in extreme environments. Written in summary Diversity lll_mam:lﬂs
form, it includes anaerobes, thermophiles, psychrophiles, Biogeochemistry 130 matches
acidophiles, ... Mulecu_!ar Biology 137 matches
Topics: Binsphere: Binsphere:Diversity, Microbiology, Ecology Agtrubruluwﬂma@g;
Resource Type: Scientific Resources:Overview/Raference Work Microbiology 810 matches
Extrame Environments: High Pressure, Anhydrous, Anoxic, Hypersaline, Microbiology and Health 175 matches
Extremely Cold, Acidic, Extremely Hot, Alkaline Methods of Microbiology 180 matches
Grade Lavel: Informal, General Public, Graduate/Professional, College Upper
(15-18), College Lower (13-14), High School (9-12)

Resource Type

@ Internet Koo -



Narrow the View 1

60 matches General/Other

Ecology 665 matches

Evolution 139 matches

Diversity 121 matches
Biogeochemistry 130 matches
Molecular Biology 137 matches
Astrobioclogy 96 matches
Microbiology 810 matches
Microbiology and Health 175 matches
Methods of Microbiology 180 matches

Resource Type

Activities 128 matches
Assessments 2 matches

Course Information 25 matches
Datasets and Tools 31 matches
AudiofVisual 151 matches
Computer Applications 20 matches
Pedagogic Resources 56 matches
Scientific Resources 702 matches
Biographical Resources 2 matches
Policy Resources 15 matches

NSDL

THE NATIONAL SCIENCE DIGITAL LIBRARY
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Search Term “Symbiosis”

Alkaline 61 matches

Acidic 66 matches

Extremely Cold 64 matches
Extremely Hot 141 matches
Hypersaline 689 matches

High Pressure 72 matches
High Radiation 22 matches
Anhydrous 35 matches

Anoxic 76 matches

Altered by Humans 75 matches

Coastal and Estuarine 201 matches

Shallow Sea Floor/Continental Shelf 34 matches
Deep Sea Floor/abyssal 47 matches

Surface Waters 92 matches

Deep Waters 35 matches

Primary (K-2) 22 matches
Intermediate (3-5) 125 matches
Middle (5-8) 212 matches

High School (9-12) 485 matches
College Lower (13-14) 579 matches
College Upper (15-16) 494 matches
Graduate/Professional 424 matches
Informal 73 matches

General Public 333 matches
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| showing only High School [9-12) Shhew all Grads Lavs &

Results 1 - 4 of 4 matches Narrow the View 1
Calleztian Ecology & matches
This book contains 28 hands-on investigations that use E‘_""""ﬁ_““"l—r'i“—-ﬁf‘-
protozoa to model macroscopic ecological and biological Diversity2matches
oo ; : Biogecchemistry 1 makch
processes--such as symbiosis, succession, and feeding Micrabiologismatch
sl:rategbes. Featunng actml:les Mathods of Microbiologyl match
ics: Biosphers: BiosphereMath Microbie CuFrunngMethu—d;

Mu:ms copy ,Blasphears Mlcmbmlog\r, E:ulngy. Edue vAssEsIment ource Type Show all Ressurce T
Resource Type Activities:Classroom Ag JDQ,..-" adagog : CE [YPEe ghow il Reseurce

-en Overview/Summary, Sctivities L,ib Activity Activities

avel: High School (9-12), College Upper[15-16), College Lower (13- Classroom Activitys matches

Lab Activity 2 matches

L on h-‘.—L sf SERC .-.-.-L-*-:.:;.-.-.r;:'-..--.:-.-;
In this | Iesson stud ents discover I:he factors that are indicative Extremaely Hot L match
of chemotrophic nutritional strategies. This NOAA lesson plan High Pressure 2 matches

is designed to teach students about the factors that are
indicative of ...
are: BiosphereEcology:Hak =Marine, Shallow Sea Floor/Continental Shelf L match

B g Efmbmtlc Relations, 0 tats Benthic, Deep Sea Floor/Abyssall matches
Big oy:Metabeolism, Biozphars J:ﬂlt'.nersul:',r.!-1In:n:||:a|ruh>fg.1|.l Surface Wabters 1 match
Re Setivicies:Lab Activity, Classroom Activity

anits: High Pressure Deep Watersl match

Dltp 5[3 Floar/ Ah\rs sal

: . i High School (9-12)

111;5 4B-pa ge Teamer 5 Guude accompanies the "Glow: Living

Lights"™ exhibit at the San Diego Natural History Museum. In PDF format, the guide contains 12 lesson plans
th.al: Explcre the

v Biosg gy HabitareTarrestrial, Elosphare:Ecologyv-Principlas, Abiotic Relations, Symbietic Ralations.
5 Mirlnn Biosphe Mmbnhim Habitats Water Column, Bicsphere Diversity, Micrabiology, Evelution

Type Sciantific Reseurces ﬂ-.-er'.-lemfl'-teferem:e Weork, Activitizs:Lab Activity, Classroom Activity

0 viranments: Surface Waters, Deep Sea Fleor/Abyssal, Deep Waters, Shallew Sea Floor/Continental Shelf

Grade Leval High Sehool (9-12), Informal, Middle [6-8), Intarmadiate (3-5)

Black Smokers: Life Fo 'I'I--"'— r-:::'-__ Web Resource Talle oh

“ED e i e L e ra Ty

This educatlnnai web site features II-FE forms of deep sea hydrothermal systems. Hosted by the American
Museum nf Matural Hu—:tnr',', this site offers a brief mtrodud:mn of the community and then ...

sphere: Bizsphere=Ecolegy:Habit -"."Mil'irler asphereEc v Metabolism, Symbiotic Relations, Symbionic
Mu:u:llumi_: sphere:Ecalegy:Habltars:Benthic, Biosphe --Dlvnrsul:y.Mit_rnblnlo-gy,_.: say Food Webs,

E Bmgtnchimustl‘r

Rezource Type Scientific Resourc ez Overview/Raference Work. Computer Applications, Audio Vizual:Images/Illustrations,

Animations/Video ivities:Classroom Activity

Extreme Environments E-:meelyHot,HnghPressure SWEB A s ~
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How many bacteria are
|n one gram of SO|I’7

A. 100
B. 100,000
C. 1,000,000

D. 10,000,000
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contact us

site guide

browse organisms
alphabetically

by classification
recent additions

browse collections

limkIT
for developers

micro*scope

news

& uly 2007 Microscope af flates with the
Encyciopedia of Life

& Cameos: 4 sets of mages for sereen savers
avaiabla (1) various mesrobes fram the Msrabal
Life dyyianl Eorany: (2) marine rasrobes brought 1o
you by the Intesmanonal Census of Manne
Migrobes, (3) microbes from extrame habitats
brought 1o you by the NASA Astrobology |natiabe,
and (#) microbal imageny from the Bay Faul
Cante. [nglruchons bare

®  May 2008 Ten thousandth image added to
micro®scope|

micro=-3cope

15 3 communal web Site that provides descriptive
nformanon about all londs of microbes._ |t combines
losaiy assamblad sontent with brks to other gxpen
BbES On the niernel. Informanon & assembled n
coletons provided by vanous contributons

taxonomic
intelligence

In colaboraton with the uBo proect. we use
REOA0MIE PrinCipies and expertise 10 manage
nfarmation about srganisms

i
i
i
i
i
i
i
; our purpose

i

E Microbes were the only Bving things for most
 of the hisbory of the Eanth. Over 3.5 bilkon
YEAFS 3g0 they began the process of

1 ransfoaming this plaret, makong it habitable for
E those of us who came later. Baciens and

E protsts reman the domnant playess in most

! kmtan esosystems Ther numbers are
isw-aM!uspmnrum!mwlw
| contsing milions of baciena and thousands of
i peotzsts. This site has mages of microbes,

| elzss featon sehemes, desarpuons of

! organams. tafics 3nd other pduestions]

| FES0uNOES 10 IMprove Jwareness of the

| bapdivergity O our michobeal parinens

education

We provide special services for educancnal
purpeses, We are af fikated with the Mizrobeal Life
dgeaal lbeary of maternsls abaul mestobal divessity,
eoology and evolubon. Educaiors and Slndents
£ e Thiir cwh pRESWOCE-probEsted Space
within micr"soope for educationnl prosects

contrbuting
and sharing

| The content of this web site i freahy avaiable
E for educatonal and ather non-oommencaal

| uSEE PSS AERASWISAGE (he SOR eI B
| this web site. Many components of this web

| Site can be acokased and delivered in other

i with Sies using our SOAF services

plankton net

Planicton™net is 3 communal source of mformaton
about marne phytoplanicton. |1 s based on

customise

ou can customise the appearance and use of

search and
browse

Wou can browse fof content using the
taxenomss Srusiure, usong names of
oeganisms, or by dif ferent themes under
oolerbans. Lise the bax balow of the meni bar
* tothe el to seansh for conteat i our

+ Clasaficanon scheme, wahin our glossary, of
theoughout the web Site,

I =

Bio*Poaa

= B Qur comimunal repostony of descriptions of
organisms, Register with us if you wish to add
1o this

contact us

if youwsh to commant, contribute of conmect
Wi are microscope@mbledy

What 15 this?
Chal on the rmage 1o find out mone

The latest addition

& Internet



micro®scope

homs

information
contact us

site guide

browwse organisms
alphabetically

by classification
recent additions
browse collections
alphabetically

by concept

search

this site
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portrai

Paramecum (bursans) (par-s-mes-see-um) & 3 very famillar genus of cliates
They eat bactera and have the mouth recessed in a buccal cavity, and the cel
s often shaped with 3 scoop leading 1o the mouth. There are ciia all over the
body with & cawdal tuft of longer ciia at the back of the body. Lisually with a

myer of extrusomas (Inchorysis) undar the eedl surface and 3 large ava

macfonucieus Contractiie vecuoies sta-shaped Thes specses o5 P bursana. a
species with Symbiotic green sigse bving inside. Phase contrast. This pictur
WS Imken b ¥ David Fatierson and Mark Farmer of matesial from freshwates
S48 in the vizinity of the University of Gesngi in Athens, Geanga, USA) in
April, 2001 and from collections of SRS PR R BE (e LlnivErsdy
|l ogrytght: 0, J. Fanterson and bark: Famss, maph wied onder Bosnss 10

MEL |rresad "Soops)

" doranioad as pal fie

:Qmm large fie

h_-l classificavon page
COUmEnt image

Paramecium bursaria

From tha collection Athens, Geogia, LIEA

Description of Parameciom bursaria; Cel fool-shaped rather

than slongate. the antends & ransversely truncaied, he posianos
roended Attans 50150 microns long The oral groove is very wide

for most of its lengt

presance of green o

h. Thas species s easly recognised by the
sochiorelize o the oyioplasm. There are two

ontractie v acuses with radating codectng canals Trerm a3

Eogle. 0ol masronucieus and one eliptoal micronucieus

Google

websites
L]

B ==
mglecyular

dats
L]

CC

Ctures

Resaurcs Cultures  Treaof Life
F L &
T
Vivitirng
MOre i thes :leh Shia [ i —
sie - cliates
L ]
?E@ S Wi A ﬂ!l:l__alﬂn
Educational free Onling
“bﬁ‘“‘! mcyd:m-:la sl:\e

& [Imnbout profies
»  additional Erkcs - add new nks

o) umxouTs ﬂ
Google ois  PublMed

Cilate

& Internet



« A -
e ;1;
e oLl A 130,000 years ago

B. 610 million years ago
C. 2 billion years ago

D. 3.8 billion years ago
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(= Encyclopedia of Life - Windows Internet Explorer

-

@' - @http;ﬁed.arq; w | | X 0=
Google (G~ veo DB Q- o7 bookmarksw ShoSblocked P Check » 4 Autolink |s Send tow ) Settings
W @ | (@ Encyclopedia of Life ' ) v |:.rPage v [} Tools ~
)
WELCOME TO THE ENCYCLOPEDIA OF LIFE
ENTER HERE
| £ b
&P Internst *oosw -

m° JE"’._._.J"!!;-" o C 337
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Evolutionary Innovations Through
Animal-Bacteria Endosymbioses

L

Protists Plants Fungi .l‘*.-qimals
e Eukaryotic cell (fusion of
single celled organisms)

« Eukaryotic organelles
(chloroplasts, mitochondria)

e Use of many nutrient-limited
niches by animal lineages ABacteria

r WEB _
http://nsdl.org SEMINARSgp




SYMBIOSIS QUIZ

What % of the cells in your body are human?

Stamp 10% 30%
your
answer

60% 90%

M WEB
» SEMINARS&

http://nsdl.org



e

esent for 350 MY

“ Pr
“ Comprise 85% of all animal species
“* 20% harbor bacteria called Wolbachia

» Up to 6 million species are infected

< YOU ARE OUR BIGGEST ASSET!

m WEB _
SEMlNARSo‘

http://nsdl.org



Discover the Microbes Within:
The Wolbachia Project

Wolbachia
symbionts




SYMBIOSIS QUIZ

Which of the following occur as a result
of symbiosis?

A. Parasitism
B. Mutualism
C. Commensalism

D. All of the above

M WEB
» SEMINARS&

http://nsdl.org



Wolbachia are Infectious Widowmakers!

Male-Killing Parthenogenesis

¢ Feminization /™
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e
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Wolbachia cause Infectious
(River) Blindness

Onchocerca volvulus

wntreated 7‘77'?*“-".?.;_-_-_ L
Seil

ﬁ\‘\faﬁ _
N

é‘%ma‘"“ fff:.}

1 f@@nths pOSt treatment
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L

% What is the closest relative to Wolbachia?

b

-~

h

Preying Mantis

Stamp
your

answer Giardia Mitochondria

http://nsdl.org '“N SEMINARS g



How do YOU
discover

the Wolbachia
within?



jbpc.mbl.edu/~shordenstein/workshop.html

For up-to-date labs and accompanying lectures, click on the icons below. Please also
vist the Education Gallery using the link above to see past events.

P Lab 1: Insect Identification (Biodiversity)

P Lab 1 Insect Identifcation Key

P Lab 2: DNA Extraction (Molecular Biology)

P Lab 3: Polymerase Chain Reaction (Molecular Biology)

! Lab 4: Gel Electrophoresis (Molecular biology)

Lab 5: DNA Sequence Analysis (Bioinformatics)

Lab 1 Lecture: Introduction to Symbiosis and Wolbachia

Lab 2 & 3 Lecture (2 of 2): Introduction to DNA Isolation and PCR Labs

’ Lab 2 & 3 Lecture (1 of 2): Biotechnology, Microbiology, and PCR Basics

List of National Science Education Standards Aligned with this Project
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“Discover Life”

pick4.pick.uga.edu/mp/20g?guide=Insect_orders

; i ' Abdominal apex | Abdominal base | Antennae | Body regions | Body shape | Cerci |
Click Help if you're a new user.
Click R“':m-tym search again. Compound eves | Forelegs | Head shape | Hind legs | Mouthparts | Palps |
Click Guides to list other Pretarsus | Pronotum shape | Tarsomere number | Wing base | Wing development |
guides. Wing number | Wing shape | Wing texture | Wing venation

Follow instructions in red. .
Check boxes to selecl them. Then click on any search bulton.

Navigate with above index or scroll bar.
31 kinds match: NMumber scored for a stale is in green.

Archeognatha ’
Bristletails 1. Wing number P search J

Blattaria /I~ 2, fore pair reduced 71 2, hind pair reduced to 21 4 20T

Cockroaches
Coleoptera to small clubs tiny clubs or absent Absent

Beetles...

Collembola e e ! i s
Springtails % g 28 Lt R

Dermaptera o Vo U (&)
Earwigs N

fll
3

Diplura

_ Diplurans 2. Wing shape
Flies... 20 | Broad, lacking a 211 Narrow, lacking a / I Narrow, with a fringe

Embioptera fringe of long hairs fringe of long hairs of long hairs
Web spinners...

Ephemeroptera ; , — *-,__“T -~
Mayflies : < E '
Grylloblattodea WA - 1

Icecrawlers... -

Hemiptera
Bugs...
Hymenoptera
Ants... 191 Both pairs of wings 41 Forewings hard, 101 Forewings
Isoptera membranous, of similar texture, opaque, forming leathery, hind wings

Termites... covered in microscopic hairs close-fitting covers over transparent
Lepidoptera abdomen

3. Wing texture search



Discover the Microbes Within: The Wolbachia Project

DNA EXTRACTION LAB

ACTIVITY AT A GLANCE 6

Goal:

To introduce students to DNA extraction techniques and to isolate
genomic DNA from insects and Waolbachia, the endosymbiotic bacteria that
live within the cells of over 200 of insect species,

Learning Objectives:

Upon completion of this activity, students will transition from field work
and morphological classification (Lab 1) 1o molecular biology and
biotechnology, learn about DNA as a diagnostic tool to discover unseen
microbes, increase abilities in biotechnology, and understand the process
of inquiry and discovery-based research. They will isolire total genomic
DMA from morphospecies identified in the Insect ldentification Lab.

Prerequisite  Skills:
= Prior practice with micropipertors.

Teaching Time:
90 minutes (2 class periods - optional 453min stopping point on page 7)

Mational Science Education Standards Addressed:

Unifving Concepts and Processes in Science, Science as Inquiry, Science
and Technology, Life Science, Science in Personal and Social Perspectives,
History and Nature of Science

TNmelling for Teushing Discover the Microbess Wikin: The Walbschila Prolect!
Ohvder Check sl
Latunadory et
ek Feeldd
Chndey
e
[
s
callecnan Mchragy Aty &
e 3 Mepin [
Rirvrreor fowmaiicy SeqEne e
Cimiapailey Alsgremeni &
Lab Payiogruenc
5 el Friday Mandan
aler s

1 DNA Extraction Lab

THE NATIONAL SCIENCE DIGITAL LIBRARY

http://nsdl.org

Discover the Microbes Within: The Wolbachia Project

Agarose Gel Electrophoresis Lab

ACTIVITY AT A GLANCE @

Goal:
To determine the presence or absence of PCR products and quantify
the size (length of the DNA molecule) of the product.

Learning Objectives:

Upon completion of this activity, students will have integrated
scientific discovery, ingquiry and biotechnology. Students will
understand that DNA contains hereditary information in the form of
genes, how DNA samples separate-based upon different sizes, learn
how to stain and visualize DNA samples. We will be using agarose
gel electrophoresis to determine the presence and size of Wolbachra

165 rDNA amplified by our PCR.

Teaching Time:
90 minutes or two class periods of 45min each

National Science Education Standards Addressed:

Unifving Concepts and Processes in Science, Science as Inguiry,
Science and Technolagy, Life Science, History and Nature of Science

MATERIALS (per group of two students)

o Your & PCR products o QUIKVew DNA stain (Ward's 38
o 4 Gloves Voa014)
o 1 Micron pen or sharpie 0 Staining trays for the class
o 1 box of P200 pipet tips o Electronic balance for class
o 1 box of P20 pipet tips o Weighing dishes or paper
o P20 and P20 pipets o Spatula
2 1 rack for holding PCR tubes o 500ml flask
o 6X Loading Buffer (Fisher o 100ml graduated cylinder
TAK-9156) o Microwave for class
9 DNA ladder (Fisher PR- o Plate or water bath for class
G3lel) 0 Owen mitt or tongs for class
o Agarose (Ward's 944 V 37000 o Masking tape for class
o Gel casting tray and combs 0 Saftey goggles
1 Gl Flostromhoresax T als
WEB
SEMINARSgp



Poll Question!

PCR Is a biotechnology
method that:

a) Extracts DNA
b) Amplifies DNA
c) Sequences DNA

WEB |
) SEMINARS g

http://nsdl.org



Dec. 2007

Binghamton High School, NY




High School

\ ATGCGC
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Lab 5: DNA Sequence Analysis

Bioinformatics is like using ‘Google’ for
DNA sequences

Google

IWG”:IaChia Advanced S=arch
Freferences

Google Search | I'm Feeling Lucky | Langusge Tools

Advertising Programs - Business Solutions - About Google

E2007 Google

NSUA ¥2anss
d SEMINARS&

http://nsdl.org



http://www.ncbi.nlm.nih.gov

NCBI National Center for Biotechnology Information
i Mational Library of Medicine Mational Institutes of Health
Fubhded Al Datab ; BLAST CkAlRA Books TaxBrows

fl:url G |

pes NCBIl do? Hot Spots

Structure

Br

A |I;'|h ahetic Fubhied

Resaurce Emtei” . din 1988 as a national resource for  » Assembly Archive
uclectide . . .

I < ruicture biclogy information, NCEI creates

QAR Gerorne sbases, conducts research in ¥ Clusters of

ORI Fooks ; ortholagous groups
NCEI CantatChromaosomes nal biology, develops software tools

Conserved Domains N0 genome data, and disseminates

an éD Dormains __plinformation - all for the better
ene

» Coffee Break,
Genes & Disease,

. Hing of molecular processes
Genamne Project J b NCEI Handbook
GEMSAT uman health and disease. More
N GED Profiles .
GEQ Datasets ¥ Electronic PCR

Y HoroloGene pbal NCBI Search Engine

o loumals

rowing number of Entrez databases
[ Can nn:lw be searched at once! Go

L A w I @ o

Entrez Gene

‘ ¥ Entrez Home

P Entrez Tools

P Gene expression
omnibus [GEC)

¥ Human genome
You can now use Entrez to search for fesoUfces
information centered on the concept of a
gene, and connect to many sources of related

N.DL information both within and outside NCEI, ¥ Malaria genetics ”
THE NATIONAL SCIENCE DIGITAL LIBRARY gEanIC S w‘; WEB

2
http://nsdl.org R SEMINARSg




MO Netons ety o Sotechuvlony Inormaen | Lab 5 - BLAST tutorial:
R T — ST -GS | 0y eospiza.com/outreach
[BLAST/index.html

Soatc oo o5
b What d|_}s NCBI do?

Establjshed_i'l 028 a: 3 natiopal resn - »Cancer genome
malecular biclo BLAST

PRIy~ Home  RacontResults  Saved Strtogien el
computational | Racent feauls | Sew Help
tools for analyz ”
disseminates | *NCOY BLAST Home
the better unde
processes afie
disease. new

-
—
-

BLAST finds regions of similarity botwesn biclogical sequences. mone

Loarn more aboul how 10 uso the new BLAST design

Draft it basssics ——

= . BLAST
Choose a spocies oma 1o search, or [ist all
Explore huma = - :

T i | et R | B Siigien | kg |

the human ger o Hmas o
- - i *HCBE OLAST mawtn vate OLASTH programs BeerDh i sohos Srtabe ses U ing § ma womioe pesry
o Mouse o B Vomme  Boohoar
o Rat o [
Entor Query Soquance
Arabi oo thadi I
BLAST tH T AmTOn) futens o Enlid mtimbiien numbes, g of FASTA sequends ., (= DGy sedwarye
) i SAATCCCACACTCTTICCTCACTTAGCCCOCCCAACATCCAGCA Fram
k“#?a Basic ATTCCAAGATGACCATTTIGCACGACAAGCAGGTTCAGGCACT
o v > SAAGTTGTTCGAGAAGCTCAGCGTAGCCGCCACTGGTGAGCCA To
FubMed, OMIM, BLAS]T T A STTCCTGCAGACCAGATCCACGAAAGGCTTAGAAACATCACAA
E < and PubMed o Or e Tt aa e e
g i v
sequences. Morg nucleotide blast  32arch a nuclectide datab) dob Titie
Algorittyma: blastn, ms) Poiime @ Cescripdem U2 for o BLAST
protein blast Search protein database u Choose Search Sat
Alsorfrma: blastp, pai Catmbiase i an gercemas © traescregd e piEromic » BanscApl S Ofws e el b
blasts Saeacch protein catnbase Satene Cuary Sttt v i e
thlastn Saarch translated nucl . -
:I Program Seleacton
ihlaats Search translated nucl Optimizs for = Highly gamilar sequences [Tagabast)
"?‘ Shors deasoniler seguencss [dacorbguous rragablasi]

_ Dorwetal pitda’ jejusiCes (Sails)
For the BLAST activities:
1. Change the database to “Others”

e s : . 2. Select “nucleotide collection” from
(__BLAST e L, the pull-down menu
L e TR L N e Y

= 3. Change the program selection o
P AT Gl A GRrS optimize for more dissimilar
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HHMI

HOWARD HUGHES MEDICAL INSTITUTE
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THE HATIOMAL SCIENCE DIGITAL LIBRARY

http://www.mbl.edu/
http://jbpc.mbl.edu/~sbordenstein/workshop.html
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Go to http://nsdl.org and click
on the K-12 audience page to:
e Download our Seminar Resource List

o Utilize our blog featuring our presenters for
the Fall Series sharing their insights on
careers in science and science education:

http://expertvoices.nsdl.org/200/fall-nsta-sems/
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luminate

Where Bright Ideas Meet.
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http://www.elluminate.com
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nsta.org My Account ‘ Rezources & Opporiunities Advanced Search Browse by Subject Give Us Feedback
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[ Click here 1o login now ]

Science Objects

SciGuides
Journal Articles
Books

e-Books

Boock Chapters

Cnline Short Course

Symposia

Web Seminar

D v | ihrans q

Get the Help, When You Need It

META developed the Learning Center as a professicnal development website to help
address your classroom needs and busy schedule. Using this site, you can gain
access to more than 1,200 different resources and oppartunities, such as:

|

« Over 1,000 NSTA Journal aricles (230 ofthem {-.
available FREE of charge}—many containing high-
quality lesson plans.

« More than 35 FEEE Science Ohjects (one- to two-
hour interactive simulation-oased learning
experiences).

& More than 125 e-chapters from selected books and
series (40 chapters FREE of charge}.

« FREE weekly live Web Seminars where you can interact with expers from MNASA,
MOAA FDA MSF, and the NSDL Community.

+ Maore then 20 SciGuides (A4 resource to help teachers integrate the internet into the

classroom).

PLUS: MSTA has also developed a suite of practical tools called My Liorary, My Motepad,
and My Transcript. Use these tools to organize, personalize, and document your
professional growth within the Learning Center.

Learn Mare.

http://learningcenter.nsta.org



National Science Teachers Association
Gerry Wheeler, Executive Director

Frank Owens, Associate Executive Director
Conferences and Programs

Al Byers, Assistant Executive Director e-Learning

NSTA Web Seminars

Flavio Mendez, Director
Danielle Troiano, Project Coordinator
Jeff Layman, Technical Coordinator
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LIVE INTERACTIVE LEARNING @ YOUR DESKTOP




