
OOGENESIS IN RHODNIUS PROLIXUS:

A SEARCH FOR DROSOPHILA MATERNAL GENE HOMOLOGIES

BY

QLIN LI

A THESIS

SUBMITTED TO TF{E FACULTY OF GRADUATE STUDIES

IN THE PARTIAL FULFILMENT OF THE REQUIREMENTS

FOR THE DEGREE OF MASTER OF SCIENCE

DEPARTMENT OF ZOOLOGY

UNIVERSITY OF MANITOBA

IULY,1993



ffi@ffi àlt:îå!:',""
Acquisitions and
Bibliographic Services Branch

395 Welfington Street
Onawa, Ontario
K1A ON4

Bibliothèque nationale
du Canada

Direction des acquisitions et
des services bibliographiques

395, rue Wellington
Ottawa (Ontario)
K1A ON4

Yout lile Voue rélérence

Our lile Noue rclétence

The author has granted an
irrevocable non-exclusive licence
allowing the National Library of
Canada to reproduce, loan,
distribute or sell cop¡es of
his/her thesis by any means and
in any form or format, making
this thesis available to interested
persons.

The author retains ownership of
the copyr¡ght in his/her thesis.
Neither the thesis nor substantial
extracts from it may be printed or
otherwise reproduced without
his/her perm¡ss¡on.

ISBN 0-315-85922-9

L'auteur a accordé une licence
irrévocable et non exclus¡ve
permettant à la Bibliothèque
nationale du Canada de
reproduire, prêter, distribuer ou
vendre des copies de sa thèse
de quelque manière et sous
quelque forme que ce so¡t pour
mettre des exemplaires de cette
thèse à la disposition des
personnes intéressées.

L'auteur conserve la propriété du
droit d'auteur qu¡ protège sa
thèse. Ni la thèse ni des extraits
substantiels de celle-ci ne
doivent être imprimés ou
autrement reproduits sans son
autorisation.

Canada



Nome
Disserlolion Abstrocls Iniernøtionolis orronged by brood, generol subject cotegories. Pleose select the one subiect which most

neorly describes the coçtent of your dissertotion. Enter the corresponding four-digit code in lhe spoces provided.

14 '-9 r, .

Sublect Co$egories

ff&$& ffiWffi&ts*ãã',dE$ ANW S@€Bee S6BSNçES
(OMffiUNl(AIlOì{S AND IHI ARTS Psychology .....0525
Architecture..............................0729 Reíodinq1......,..-..........-....-........0535
Arr Hisrory .......... ......................0377 Relioioùs ........0527
Cinemo ..'..................................0900 Scie-nces ...................................0714
Donce......................................0378 Secondorv ......0533
Fine Arts ..................................0357 Sociol Scíences .........................053¿
lnformotion Science.............. .....0723 Socioloqy of .............................03¿0
Journolism ......0391 Spæio|1....................................0529
Libroru Science .......-.................0399 Ïèocher Troininq ,....................,.0530
Mosstommunicotions...............0708 Technoloqv.....]........................07'l0
Music.......................................0413 Testsondrtleosurements............0288
Smh Communicotion .............0459 Vocolionol ......O747
TÄæer .................................... 0¿ó5

EDU(ATION
Generol ...................................05,l5
Administrotion .......................... 05 I 4
Adult ond Continuino ................05Ì ó
Aoriculturol ........... I................. os I z
A; ..................... ...................... 027 3
Eilinouol ond Multiculturol .........0282
Busiñess ................................... 0ó88
Communitv Colleoe .............. .....O27 5
Curriculuni ond ln"struction ......... 07 27
Eorlv Childhood ........................ 05 1 I
Elemenlorv .....0524
Finonce .. 1........... ...................... 0277
Guidonce ond Counselinq ......... 051 9
Hælth ..........................-.......... 0ó80
Hioher .....................................07 A5
Hiítory of .......0520
Home Economics ......................O278
lndustriol ........0521
Lonouooe ond Lileroture ............0279
MoiÉem"olics ............................. 0280
Music ................. ......................0522
Philosophy of ............................ 0998
Physiccil .................................... 0523

Y'WE S€gËffi€€S &8€m
Br0rocr(Ar. sctrN(rs
Aoriculture" Generol .............................. 0 47 3

Aoronomv .......................... 0285
Aíimol Cilture ond

Nutrition .......................,..047 5
Animol Potholoov ................ 0Á7 ó
Fæd Science oñil

Tæhnolw ...................... 0359
Forestrv onäwi|d|ife ........... 0478
Plont Culture .......................0A79
Plont Po$olæv ................... 0480
Plont Physiol{y .................. 08ì 7
Ronoe Monooèmen¡ ............ 0777
woã¡ Technð|osy ............... 07 4ó

Biolæv
ënerol .............................. 030ó
AnoÌomy ............................ 0287
Biostotisiics ......................... 0308
Botonv ................................ 0309
cell ..i................ .................0379

scltNCts
Environmentol Scìences ............
Heolth Sciences

Generol .............
Audioloov
Chemotñéropy
Dentislrv ............
Educotiån
Hosoitol Monooemenl..,......
Humon De"eloãment ....,.....
lmmunoloov
Medicine ãí,d Suro"- ........
Mentol Heolth : '
Nursino........,..-.
Nutritio-n ............
Obstetrics ond Gynecoloqy .

Occupolionol Heôlth ond'

Eco|ogy.............
tntomology........
(,enelrcs ...........-
Limnoloov
Microbiãfogy
Molæulor

I.AHGUAGT, I.ITTRATURT AND

r.tNGUrsTr(s
Lonouooe

öen"erol ............. ................. 067 9
Ancienl ............................... 0289
1inquisiics ........................... 0290
Moäern ............. .................0291

Lilerofure.
Generol .............................. 0¿0 l
C1ossico1 ............ ................. 029 A
Comporotive ....................... 0295
Medievol ............................ 0297
Modern .....,...,... ........,........0298
Africon ........-..........-.,......... 031 ó
Americon............................ 0591
Asion ................................. 0305
Conodion f Enolìsh1 .............. 0352
Conodìon (rre"nchi .............. 0g5s
Enqlish ............................... 0593
Germonic ........................... 03ì l
Lotin Americon ..........,......... 03 I 2
Middle Eostern .................... 031 5
Romonce ............................ 03,l 3
Sìovic ond Eosl Europeon .... . 03 I 4

&N@BBW&ffiRgN@

PHII.OSOPHY, RII.IGION A?'ID

ïHr0r0GY
Philosoohv..........
Relioioå '

ö"n.rol ..........
Biblicol Stud¡es
Clergy ..-...........
Hislorv of...........
Philosåohv of ..................

Theology .'...:.... . ......... .

s0crAr. SqrNCrs
Americon Studies ................
Anlhrooolæv

Arihoeðloov
Crlturol ..11...................
Phvsicol ........................

Businels Administrotion
Genero| .........,.....,........
Accounlino
8onking ..L....................
Monooement
Morkeiino

Conodion Sùdies . .... ...... .

Economìcs
Genero| ........................
Agriculturol
Commerce-Business .....-.
Finonce..-.
Historv ......
Lobor' .......
Theorv......

Folklore'. ..
Geooroohv.....
Gero"ntciloóy ...
Hislorv

Gånerol

..0a22

:.03tI
..032r
.. 031 9
..0320
..0322
..o469

..0323

03t0
o272
0770
0a54
0338
0385

050 1

0503
0505
0508
0509
05r 0
051 I
0358
03óó
035 ì

0578

o324
0326
o327

04ó0
0383
UJAó

Geodesv
G""l-í
Geophlsics
Hydrology
Minerolæv.................
PoleobotãÁy

.............0370

........ . ..0372
............0373
..,.... .....0388
.............04t I
. ... .. ....... 0345

Polemoloóv ............. ........0426
PolæntolooL...... . ....... .. ......0¿18
Poleozooloäv ................. .. . ..... 0985
Po|vno|oqv]l....... ...................... oa27
Phfsicol öeogrophy .................. 03ó8
Physicol Oceonogrophy ............ 04ì 5

HTAIÏH AND ENVIRONMTNTAT

Theroov ........................... 0354
Ophrholráo|osy ................... 038 I
Pothology .......... ................. O57 |
Phormocology ..................... 0¿l 9
Phormoo ...........................0572
Phvsicol fheroov ................. 0382
Public Heolth .1.1................... osz¡
Rodiology ........................... 057 4
Recreotion .......................... 0575

Speech Pothology
Toxicolooy

Home Econo,"óìcs

PHYSICAI. SCIE}ICTS

Pure Sciences
Chemistrv

Geneírol .............
Aoriculturol
Añoløìcol
Bioclíemistrv
lnoroonic 1

Nucfeor
Orgonic..............
Phormoceulicol
Phvsicol . . . . .. .. . . ...
Pofvmer .........
Roáiotion

Mothemotics
Phvsics

' Generol
Acouslics
Aslronomy ond

Astroohïsics.............,.....
AtmospÏe'ric Science..........
Atomic
Electronics ond Eleclricity ...
Elemenlorv Porticles ond

Hioh En;roY.............,.....
FluiJond Plãímo ...............
Moleculor
Nucleor .............
OoÌics ...............
Rddiorion
Solid Stote

Stot¡slics .............

Applied Sciences
Applied Mechonìcs .................
Computer Science ...................

Engmeering
benerol .............
Aerosooce
Aqricülturol
Automotive
Biomedicol
Chemicol
Lrvr| ....................
EIælronics ond Electrìcol
Heot ond Thermodvnomics
Hvdroulic........... :
ln'dustriol
Morine..............
Moleriols Science ......,......
M*honicol
Metollurgy
Mining ..............
Nucleor ..
Pockoging
Pelroleum
Sonitory-ond Municipol ....
svslem Scrence... -. -.

Geotóchnoloqv
Ooerotions Räærch
Plåstics Technoloov ................
Textile Technolog"y'

...0537

... 0538

... 0539

...05¿0

...05¿r
..05a2
...0543
...o54A
..03¿8

. .0545

... 054ó

...o547

...o794

...05¿8

...0743

... 055 1

...o552

...0549

...07ó5

... 055¿

...0790

...0428

...0796

...0795

...o994

0621
0384
o622
0ó20
0623
0ó2a
o625
0989
0349
UöJI
045 l

@

Neuroscience . -.................... O317
Oceonooroohy................,... 041 ó
Phvsioloäv 1...1..................... o¿¡¡
Roäiorioñ'............................ 082 ì

..0329

. 0353

..03ó9

..0793

.. 04ì 0

.. 0307

...0778

...o472

...0786

...o760

...0a25

...099ó

0¿85
.0749
.0¿8ó
.0a87
.0¿88
.0738
.0¿90
.0491
.0494
.oÁ95
.0754
.0¿05

.0ó05

.098ó

.0ó0ó

.0ó08

.o748

.0ó07

.0798

.o759

.0ó09

.0ól 0

.0752

.o75ó
,0ól I
.0a63

.03¿ó

.0984

0768

05óó
0300
0992
0567
0350
0769
0758
0982
0564
0347
05ó9
0570
0380

Velerinory Science...........
Zoology .1........................

Bioptrysics 
,

benerol ..........................
Medicol ..........................

EARIH SCITNCTS
Bioqæchemistry ..
Geõchemistry .......................

toATTã [Jru{f
SUBJECT CODE

Ancient .............. ................. 0579
Medievo| ............................ 0581
Modern .............................. 0582
Block ...........,..... .......,0328
Africon .........................,..... 033 I
Asio, Austrolio ond Oceonio 0332
Conodion ........................... 033¿
Europeon ............................ 0335
Lolin Americon ............ .. ....033ó
Middle Eostern .................... 0333
United Stotes ....................... 0337

History o[ Science ..................... 0585
1ow.......................................... 0398
Politicol Science

Genero| ..............,....,.......... 0ó I 5
lnternolionol Low ond

Relotìons ....................,..... 0ó ì ó
Public Adminilrotion ........... 0ól 7

Recrælion ......0814
Sociol Work ............................. 0Á52
Socioloov

Ge'ïérol ............. ......... ....... 062ó
Criminology ond Penology ... 0ó27
Demooroohy ..............,........ 0938
Ethnic"onä (ociol Studies .....0ó3ì
lndividuol ond Fomilv

Studies
lndustriol ond Lobor

Relolions
Publìc ond Sociol Welfore..
Sociol Slructure ond

Develoomenl
Theorv ohd Methods .........

Tronsoodâlion
UrboÅ ond Reoionol Plonnino
Women's StuJes

P5Y(HOI.OGY
Generol ....,........
Behoviorol
Clinicol ... ...... .

Developmentol
Experimentol
lndushiol
Personolitv..........
Phvsiolooícol
Psichobiology
Psvchomelrics
Sríciol

.0629

.0ó30

0700
.0344
.0709
.0999
.0¿53



Nom
Dissedotion Abstrocts Inlernotional est orgonisé en cotégories de suiets. V;rill". trlt choisir le suiet qui dêcrit le mieux votre
thèse et inscrivez le code numérique opproprié dons l'espoce réserv'é ci-dessous.

SUJEf

Colégories por su¡ets

ffiwffiÂNðrÉs ffitr $€EEB#€ES S@€E&&&S

EDU(ATION
Générolités......
Adminisholion . ............05 r 4

..515

Læture ..................................... 0535
Mothémotiques ......................... 0280
Musique ............. ...................... 0522
Orieniotion el consultotion .........051 9
Philosophie de l'éducorion ......... 0998
Physiqde .................................. 0523
Prógrómmes d'études et

enseiqnement ........................ 0727
Psychológie .............................. 0525
Sciences ................-.-.-..............071 4
Sciences socioles ....................... 0534
Socioloqie de l'âJucotion...........0340
Technolõgie..... ... . . .0710

LANGUI, TIIÉRATURI TT

IINGUISilOUT
Lonoues

öénérolirés . .......................0679
Anciennes. . .............,....,.... 0289
Linguistique ........ ................. O29O
Modernes ........................... 029.|

Littérolure
Générolirés ......................... 0401
Anciennes ..,........................0294
Comporée .......................... 0295
Medíévo|e .......... ................. 0297

PHII.OSOPHIE. RTI.IGION ET
THEOI.OGIT
Philosophie ......... ...................... O4z2
Relioion

ëénérolités ........,................ 03 Ì I
Clerqé ................................ 03 I 9
Etudés bibliques .................. 0321
Histoire des ieliqions ........... 0320
Philosophie de lä relioion .....0322

Theologie ................ ....:.... ....... 0A69

Art ..................... ...................... 027 3
Collà¡es communoutoires .......... 0275
Comrierce ................................ 0ó88
[conomie domesiique................ 0278
Educolion permonénte ............... 05 I ó
Educotion brésco|oire ................ 05'l 8
Educotion ionitoire ................... 0ó80
Enseignemenl ogrico|e............... 05 1 7
Ènsergnemenl brlrngue et

multiculturel .......... .. . ..........0282
Enseiqnement industriel ............. 0521
Enseiõnement orimoire. ............. 052A
Enseiõnemenl brofessionnel .......07 A7
Enseiõnemenl ie|iqieux .............. 0527
Enseilnementsecõndoire .. .0533
Enseionement soécio1 ................ 0529
Enseiõnement si.¡oerieu, ............. OZ¿5
Evoluótion ........:.................. ..0288
Finonces ............. ...................... 0277
Formotion des enseiqnonts.. 0530
Histoire de l'éducotiõn...........,... 0520
Longues el liftéroture ................. 0279

Angloise ....0593
Asiotique ........,................... 0305
Conodienne {Anqloise) .....,.. 0352
Conodienne {Fro"nçoise) ....... 0355
Germonique ....................... 03ì l
Lotino-oméricoine ................ 03 I 2
Moyen-orienlole .................. 031 5
Romone .............................. 031 3
Slove et est-européenne ....... 03l 4

....0298
..031 ó
..059ì

031 0
oas4

s€sË8ü€Ës Ër sN6É$gsffiREË

sqENffs Bt0t0cl0uts
Aoriculture- Générolités .........................0a73

Aqronomie. ........................ 0285
AlÍmentotion et technolæie

olimentoire ...............1..... O:sç
Çu1ture .............. .................0479
Elevoqe el olimentalion ........ 047 5
Exoloitotion des oêtu¡oaes ... 0777
Poiholoqie onimål e .....1........ 0¿Z 6
Potholoõie veqétole .....,.......0480
Phvsiolôâie "åérole ............ 081 7
Svfviculùre et [oune ............. 0478
Tóchnolooie du bois............. 074ó

Biolooie
énérolirés ......................... O3Oó
Anolomie........... ....-............ 0287
Biologie {Stotistiques) ...........0308
Biologie molæulone ............ 0307
Botonique .......................... 0309
Çellule'............... ................. 037 I
Ecoloqie ............................. 0329
Entomälooie ........................ 0353
Gnériquõ.......................,... 03ó9
Limnol&ie ..........................0793
Microbiõloqie ..................... 041 O
Neuroloqie-......................... 03 ì 7
Oceonoõrophie................... 04'l ó
Physiololie'........ ..0433
Rodiotion ............................ 082 I
Science vélérinoire,.............0778
Zooloqìe ............................. 0 47 2

Bioohvsioüe
'én¿i.olirés ....................,.... 078ó
Medicole ............................ 07ó0

SCITN(Ts DI I.A TERRT

Géoloqie ........0372
Géoph-ysique . . .0373
Hydrologie .....0388
Minéroloqie .............................. 04 ì I
Ocâ:noqiophie ohysique ......... 0¿ì 5
Polæboioníque .1...1....'. ............. o¡¿S
Poléoécoloqib ........................... 0 A26
Poleontolod'ie ....,....................... 0¿ I I
Poléozooloäie .............,............. 0985
Polynologie"........ ...................... 0 Á27

scltil(ts Dt LÂ SANTÉ IT Dt
l'tt{vtR0ilt{tfrttNT
Économie domesiique................ 038ó
Sciences de l'envirónnemenl ......0768
Sciences de lo sonlé

Générolités ......................... 05óó
Adminislrotion des hìoitoux .. 07ó9
Alìmentotion et nutriti'on ....... 0520
Audioloqie .......................... 0300
Chimiotñéropie ...................0992
Dentisterie .......... ................. 0 567
Développemenl humoin ....... 0758
Enseiqnement ...................... 0350
lmmuiologie . ......0982
loisirs .................... ............ 0575
Medecine du trovoìl et

théropie ........................... 0354
Medeciire et chirurqie .......... 056Á
Obfétrique et qvn&oloqie... 0380
ophrolmbloq¡e".1..........I...... o¡s I
Oithophonið...............,....... 04ó0
Pothofoqie .......................... 0571
PhormoËie ..........................0572
Phormocoloqie .................... 04 I 9
Physiothérop"ie .................... 0382
Roilioloq ie .......................... 0 57 4
Sonté mãntole ..................... 0347
Sonté publique .................... 0573
Soins ínfirmíers ................... 05ó9
Toxicologie ......................... 0383

SCITNCTS PHYSIOUTS

Sciences Pures
Chimie

Genérolités ......................... 0¿85
8iochimie........... ........-.......... 487
Chimìe oqrico1e ...................07 49
Chìmie oñolvtique ............... 048ó
Chimie mineírolê .................. 0488
Chimie nucléoire ......,.......... 0738
Chimie orqonioue ............... 0490
Chimie phärmo'ceutioue ....... 0491
Physiquô .. ......... .....1..... ......0tC¿
PolymCres .......................... 0495
Rodiotion ............................ 07 5 A

Molhémotiques ......................... 0¿05
Phvsique' Gènérolirés ......................... Oó05

Acouslique .......................... 098ó
Aslronomie el

ostrophysique................... 0ó0ó
Eleckon¡aue i:t électricité ......OóO7
Fluides et'plosmo. ................07 59
Météoroloqie ...................... 0ó08
Optique .. I......... ................. 07 52
Porticules (Physique

nucléoire) ........................ 0798
Physique olomiqu e ..............07 48
Phvsiciue de l'étót solide .......0ól I
Physi<jue moléculoire ........... 0ó09
Physique nucléoire............... 0ól 0
Rodiotìon ............................ 07 56

Stotistiques .....0A63

Sciences Aoolioués Et
Technologi'e'
lnlormotique ............................. 0984
lnoenlefle" Générolirés ......................... O53z

Agricole ............................. 0539
Aulomobile ......................... 0540

Générolités
Personnolité......i.
Psvchobiolooie ....
Psícholæie"clinioue
Psicholoõie du cdmoortement ....
Psicholoãie du dévJlooocmenr
Psícholoãie exoérimentäle .........
Psícholoãie industrielle.....,........
Psycholo[ie physiologique .........
fsycholoore socrole ....-........ ..
Psychomðrie

0621
0625
0349
o622
0384
0ó20
0ó23
0624
0989
0¿5 ì
0632

@

rT_N] KJrußA
CODE DE SUJEÍ

Ancienne ...... -........... -......... O579
Mediévole ........................... 058 l
Moderne............................. 0582
Histoire des noirs........,........ 0328
Africoine . -.. ....033'l
Çonodienne ..........,..........-.. 0334
Erots-Unis .........,................. 0332
Européenne ........................ 0335
Moyen-orientole ... 0333
Lotino-oméricoine ................ 033ó
Asie, Austrolie et Océonie.... 0332

Histoire des sciences.................. 0585
Loisirs ....-.................................08'| ¿
Plonificolion urboine et

^ régionole. :............................. 0999
Scrence oolrtroue

G¿nårolìtéi ......................... 0óì 5
Adminiskotion publique ....... 0ól Z
Droit et relotion!

inlernotionoles ................. 0ól ó
Sociolooie

Géñérolirés ......................... oó2ó
Aide et bien-òtre sociol ........0ó30
Criminolooie et

étoblisseïents
pénitentioires ................... 0627

Démoqrophie ...................... 0938
Erudeid€i l' ind¡vìdu er
. de lo lomi1le.....................0628
Etudes des relotions

interelhnioues et
des relotions rocìoles ........ 0ó3 I

Slructure et développement
sociol ..............................0700

Theorie et méthodes. ............0344
Trovoil et relolions

industrielles ...................... 0629
Tronsports ..... 0709
Trovoil sociol ............................ 0452

Biomédicole ..............,......... 05¿ l
Choleur et ther

modynomìque ......... ....... .. 0348
Conditìonnenient

(Embollooe) ............ ........ O5¿9
Génie oéro-spôrìol ................ 0538
Génie chimiöue ................,., 0542
Génie civil ......................... 0543
Génie éleclronioue et

électrìque ......'..... .............. 0544
Génie ìndustrie| ................... 054ó
Génie méconique ............ .... 0548
Génie nuc¡éo;rè................... 0552
lngénierie des systömes........ O79O
Méconique novi:le ............... 05r'7
Métollurqie ......................... 07 A3
Science ðes molérioux ......... 079 4
Technique du oétro|e ........... 07 65
Techniciue miriìère ............... O55l
Techni{ues sonitoires et

municipo1es...................... 0554
Technoloqie hydroulioue ...... 0545

Méconique o-pplicjuée.....1.......... 034ó
Géotechholoöi'e .'.... . ... . .. . Oa2g
Motières olos'iioues

(teéhnolobie) ...................079 5
Recherche opérõtiónne||e..... ......0796
Textiles et tisius (Tæhnologie) .... 0794

PSYCHOIOGII



OOGENESIS IN RHODNIUS PROLIXUS: A SEARCH FOR DROSOPHILA I'IATERNAL GENE HOMOLGIES

BY

QUN LI

A Thesis submitted to the Faorlty of G¡aduate Studies of the University of Manitoba in partial

fuIfillme¡rt of the reguirements fo¡ the degree of

MASTER OF SCIENCE

@ 1993

Pen¡tission has been granted to ihe LIBRÄRY OF TI{E IJNTVERSfIY OF MANTTOBA to lend o¡

sell copies of this tfresis, to the NATIONAL LIBRÂRY OF CA¡ÍADA to ¡nicrofilm this thesis and

to lend or sell copies of the film, and UNTVERSITY MICROEIIÀ/íS to publish an abstract of this

thesis.

Ttre author ¡esen/es other publications rights, a¡rd neithe¡ the thesis nor extensive extracts Êom it
may be prined o¡ otherwise reproduced without the autho/s pennission



ABSTRACT

Insights have been gained into the mechanisms of the establishment of

embryonic axis by the actions of maternal genes in Drosophilø melanogøster.

The degree of conservation of these maternal genes in other organisms is of

significant interest. I screened Rhodnius for homology with t}:re Drosophilø maternal

genes Bic-D, nønos, aøsø, bícoid. The presence of these genes in Ntodnius genome

and expression in Rhodníøs ovarioles was studied using Southern blot and

Northern blot hybridization using the cDNAs of these Drosophilø genes as probes.

No hybridization wtth Bíc-D and nanos was detected in the Rhodnius

genome. Eight hybridization bands were found on Southern blots of Rhodnius

genomic DNA and two weak hybridization bands (sized 1.8 Kb and 0.3Kb) were

found on Rhodniøs ovariole RNA blots, when probed vrrth uasø cDNA. Two

strong hybridization bands (sized 4.6 Kb and 3.2 Kb) on Rhodníus genomic DNA

Southern blots, two hybridization bands (sized 2.8 Kb and 0.53 Kb) on Rhodnius

ovariole RNA blots were detected when probed with bicoid cDNA.

The homology of Rhodnius DNA to bicoíd gene was further analysed by

probing the Southern blots and Northern blots individually with the several

restriction-enzyme-digested DNA fragments of the bicoid cDNA. Only a252bp

fragment containing a PRD-repeat of the bicoid cDNA was responsible for the

hybridization on both the Southern blots and the Northern blots. This fragment

contains a 90 bp DNA motif encoding for a repetitive histidine-proline sequence.

A synthetic oligonucleotide of the PRD-repeat hybridized to the same two



4.6 rc and 3.2 Kb bands on Southern blots detected when probed with bicoíd full

length cDNA. There was no hybridization detected on the Northern blots.

My research showed the conservation of the PRD-repeat and possibly part

of the other sequence of the bicoid gene in tlne Rhodnirzs genome. The expression

of this other sequence in the Rhodníus ovarioles is within the 252 bp fragment of

bícoid cDNA. This is the first evidence of a PRD-repeat found outside of

Drosophilø.
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INTRODUCTION

Early in embryogenesis, cells may acquire specific developmental fates with

the consequence that their descendants will express characteristic sets of genes

and a body pattern or polarity has already been determined. A central question

in developmental biology is how cells in different regions of an embryo acquire

different developmental fates and how the polarity of an embryo is determined.

Wilson ("1928) proposed that maternal factors are differentially distributed

in the egg and become localized in specific groups of cells by cleavage thereby

specifying their fate. Maternal factors, or cytoplasmic determinants have been

implicated in the differentiation of ciliated epithelia (Chung and Malasinski,L983;

Kageura and Yamana,l9%), embryonic muscle (Gurdon et ø1.,1985) and germ cells

(Smith,1966; Buehr and Blackler,l97}) in frog embryos. Localized maternal

components, either in a discrete or in a graded fashion, are involved in

establishing the dorsal-ventral axis of Xenopus embryo (Nieuwkoop,1.977; Gerhart

et a1.,1983) and in determining the anterior-posterior polarity (Nusslein-Volhard,ef

a1.,1987) and also the formation of the germ cells of Drosophílø (Okada et ø1.,1974;

Lehmann and Nusslein-Volhar d,1986).

It appears that maternal mRNAs and/or proteins asymmetrically localized

in the egg cortex act as cytoplasmic determinants. Studies utilising in situ

hybridization, molecular cloning and analytical microscopy have revealed that

maternal mRNA's exhibit unique spatial distributions in the developing oocytes,

eggs or embryos of sea urchins (Rogers and Gross,1978; Venezsky et ø1., 1981,;



Showman et a1.,1982; Moon et ø1.,1983), ascidians (feffery et aL,7978,1983,7984),

Chaetopterus (leffery and Wilson, 1983; Jeffery,1985), Xenopus laeaís (Capco and

Jeffery, 1,982; Carpenter and Klein,1.982; Phillips, 1982; Yisraeli,eú øL, 7989),

Drosophilø (see review of Nusslein-Volhard, 1997; St johnson and Nusslein-

Volhard, 1992) and silkworm (Paglia,et ø1.,1,976; Kastern,ef ø1.,7990). Localization

of maternal mRNAs and/proteins have been best studied in Xenopus, Drosophílø

and various ascidians.

In Xenopus løeais, a small class of mRNAs that are unevenly distributed in

oocytes and eggs have been identified (Rebagliati et a1.,1985; King and Barklis,

1985). The mRNA of the Vgl gene was found to be localized in the vegetal cortex

of the oocyte during oogenesis (Melton, 1987; Yisraeli and Melton, 1988). Vg1

codes a protein which is a member of the transforming growth factor-B family

(TGF-B) (Weeks and Melton,'1.987). The role of Vg1 inXenopus early development

is not clear. Recently, another maternal gene called Xcat-2 was also found to be

localized in the vegetal cortical region, and encodes a protein that belongs to the

CCHC RNA-binding family of zinc finger proteins and shares a homologous

region with one Drosophílø maternal gene nønos (Mosquera et ø1.,1993).

Research on the establishment of pattern and polarity in the Drosophilø

embryo highlights insect oogenesis and embryogenesis as a powerful

developmental model. Insight into the mechanisms of the establishment of

embryonic anterior-posterior and dorsal-ventral axes of Drosophilø embryos have

emerged, and have had significant implications in the analysis of other



invertebrate and vertebrate systems. The axes are controlled by four localized

maternal signals which are the anterior system, the posterior system, the terminal

system and the dorsal-ventral system ( St Johnston and Nusslein-Volhard,1992).

The anterior system is the simplest and best studied of the four systems at

the present time. The bícoíd gene is indispensable for the determination of all the

anterior sfructures including the head and thorax, while mutations in the other

genes of the system have only partial effects on the anterior pattern (Frohnhofer

and Nusslein-Vo1hard,1986,1987). The bicoid mRNA is synthesized in the nurse

cells during oogenesis and franslocated to the anterior pole of the egg during

oogenesis. It remains localized until fertilization when the bicoid mRNA is

translated. This produces an anterior to posterior concentration gradient of bícoíd

protein that extends over the anterior two-thirds of the embryo (Frigerio et ø1.,

1986; Berleth et a1.,1988; Driever and Nusslein-Volhard, 7988a; St Johnston et al.,

1,989). The bícoíd protein gradient is sufficient to determine the polarity and

Pattern of the anterior half of the embryo. As the number of copies of bicoid is

increased, more RNA and protein is produced, resulting in an expansion of the

bicoíd protein gradient toward the posterior. This change in the extent of the

gradient produces a corresponding change in the position of the head fold at

gastrulation (Driever and Nusslein-Volhard, 1989b; Struhl et øL,1990).Injection

of ín aitro synthesizedbícoid RNA into other positions in the embryo results in a

protein gradient that directs the formation of ectopic head and thoracic structures,

with the most anterior pattern elements forming closest to the site of injection.



The basic pathway through which bícoíd gene determines the anterior structure

is that bicoid protein regulates the expression of one set of genes called gap genes.

Gap gene's products regulate the activity of the pair rule genes (see references in

Zhang,et al., 1997), thereby ensuring the correct establishment of segment

primordia within their functional domains. One target of the bicoid protein is the

gap gene hunchback which is first transcribed at the syncytial blastoderm stage in

a large anterior domain extending about 50Vo of the egg length and is required for

the development of thorax and part of head (Lehmann and Nusslein-

Volhard,l987a; Tautz,et al.,'1,987). Bicoíd protein contains a homeodomain and is

sufficient to directly activate the zygotic expression of thehunchbackgene (Driever

and Nusslein-volhard,1989a,1,9B9b; schroder et ø1.,79gg; struhl et al.,lggg).

The posterior pole plasm contains the signals that determine the formation

of germ cells and the development of the abdomen. A cascade of genes is

involved in the determination of the posterior sfructure. Figure L summaries the

sequence of the action of these genes.

Figure 1.

Germ cell formation
1

[(cappuccíno,spire) -+ staufen] -+ oskar -+ T)asa -+ tudor
J

(nønos, pumilio) -+ abdominal development

Spire and cappuccino are required for støufen protein localization (St

Johnston et aL, 1991), cøppuccino,spire and staufen ate necessary for osknr mRNA

10



localization at the posterior pole of the oocyte during oogenesis (Ephrussi et ø1.,

1991'; Kim-Ha et ø1.,1991). Mislocalization of osknr mRNA to the anterior pole of

Drosophilø embryos leads to induction of a certain number of germ cells and

abdominal development at the anterior end, indicating that oskør plays a key role

in directing pole plasm assembly and controlling the number of primordial germ

cells normally formed at the posterior pole of tine Drosophíla embryo (Ephrussi

and Lehmann,1992). Posteriorly-localized aøsaprotein, along with the tudor gene,

are indispensable in determination of germ cell formation and abdominal

development (Ephrussi and Lehmann,7992). Vasa protein has a high degree of

homology with members of the helicase class of RNA-binding proteins (Hay eú

a1.,1990; Lasko and Ashburner,L990). Nanos mRNA is also localized at the

posterior end of the egg (Wang and Lehmann,199i.). Nønos and pumílio are

specifically involved in the determination of abdomen but not the formation of

germ cells (Lehmann and Nusslein-volhard,1987b,199l). The nanos gene,

presumably via nønos protein, prevents the franslation of the uniformly

distributedhunchback nRNA only at the posterior end (Wharton and Struhl,lggl),

instead of directly activating other gene expression. Besides directly determining

the anterior structure , hunchbøck protein also acts as a transcriptional repressor of

two gap genes knirps and gíønt which are both required for the formation of the

abdominal pattern at the posterior end (Mohler et aI. 7989; Pankratz et al. 7989;

Hulskamp et ø1. 1989; Struhl,1989). Thus, nønos successfully blocks the invasion

of anterior gene products (like hunchbøck) to the posterior region so only the genes

11



resPonsible for the posterior development are expressed in the posterior region.

In the absence of maternal hunchback mRNA, nønos is not required for normal

abdominal development.

The terminal system is responsible for the development of anterior-most

and posterior-most regions of the embryo, the acron and telson.The dorsal-ventral

system is responsible for the determination of the dorsal-ventral axis of Drosophíla

(Nusslein-Volhard,1991,; St |ohnston and Nusslein-Volhard,7992). These two

systems are more complicated than, and different from, the anterior and posterior

systems. The exact pathway of the terminal and dorsal-ventral determination is

still not clear, however, the present working hypothesis is that the egg produces

a transmembrane protein that is uniformly distributed in the egg membrane. This

protein then acts as a receptor for the ligand that is locally produced by the

surrounding follicle cells. The receptor in the egg membrane can be activated by

the locally produced ligand and a signal transduction cascade results. This leads

to a positive control of transcription of zygottc target genes.

The mechanisms of how the maternal determinants are localized is still not

well understood. It has been established that the cytoskeleton is essential for the

translocalization of maternal determinants. The translocation of Vg1 to the vegetal

hemisphere of Xenopas oocyte requires microtubules and the stable anchoring of

Vgl at the vegetal cortex requires cortex microfilaments (Yisraeli, et øL,1.990).

Similarly, inDrosophila,the translocalization of bicoid mRNA from the nurse cells

to the anterior end of the oocyte is also dependent upon microtubules (Pokrywka
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and Stephenson, 1,991). Theurkauf ,et al. (1992) found that the reorganization of

microtubules along the anterior-posterior axis of DrosophíIa oocyte is concomitant

with the localization of anterior determinant bícoíd mRNA and the posterior

determinant osknr mRNA. Th"y suggested that the polarized arrangement of

microtubules might be involved in the determination of oocyte polarity.

Regarding the specific localization of maternal determinants, the studies of

Xenopus and Drosophila system showed that the 3' untranslated portion of the

bicoíd and Vg1 mRNA are both necessary and sufficient to direct the specific

localization of its mRNA suggesting that this specific localization is mediated by

a sequence-specific frapping system (Macdonald and Struhl,1988; Macdonald,l990;

Mowry and Melton,1992).

Although significant insight has resulted from research on oogenesis and

the determination of the embryonic pattern in a few systems like Xenopus and

Drosophilø, relatively few other systems have been investigated. How universal

is the mechanism of maternal determination ? In particular, the degree of

conservation of the genes that play roles in development in other organisms is of

significant interest. Since a great deal has yet to be learned about the cell biology

of the differential localization of maternal determinants in oocyte, there is a need

to explore a diversity of systems besides Drosophila. Some may possess a more

suitable cellular architecture that may be exploitable to allow us to dissect the

pathway of the localization of maternal determinants. The telotrophic ovaries of

Hemiptera provide an ideal system to study the formation of polarity in oogenesis

13



and translocation of nurse cell specific mRNA's in this process. Due to its unique

cytoarchitecture it offers significant advantages over the polytrophic system,

characteristic of Drosophílø.

The unique structure of the meroistic telotrophic ovary of Rhodnius has

been well documented (Huebner,1984a,b.). However, reiteration of the relevant

aspects provides a useful background for this study. There are two ovaries within

each Rhodnius female, each is composed of seven ovarioles. The ovariole is

divided into two distinct regions, the tropharium and vitellarium. The tropharium

consists of a syncytium of nurse cells connected by intracellular bridges

(Huebner,19%). The vitellarium is composed of several developing oocytes which

are arrested at meiotic prophase I and the surrounding somatic follicle cells.

Unlike the polytrophic Drosophila ovarioles, where the nurse cells and the oocyte

are closely connected by a ring canal (King,1970), each Rhodníus oocyte is spatially

separated from and connected to the common tropharium by a long trophic cord

(up to 1 mm) which is filled with stable microtubules (Huebner,19%).There is

only one oocyte in vitellogenesis per ovariole while the remaining oocytes are in

previtellogenesis (Huebner,1,9%) (see figure 2). It has been shown that the

Rhodnius nurse cells are highly active in the synthesis of mRNA, rRNA, proteins

and mitochondria while the nucleus of the oocyte (germinal vesicle) is inactive

especially in RNA synthesis, and these materials

14
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Figure 2. Summary diagram of the aduit Ntodnius ovariole.

Nurse ceil (NC), oocytes (o), trophic core (T), trophic cords (TC), Foliicle

cells (F). (From Huebner,l9Ub).
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are transported from the nurse cells to the developing oocytes via the trophic

cords (Vanderberg, 1963; Huebner, ß9aaþ.). Thus if there are any mRNA's that

act as maternal determinants during oogenesis of Rftodnius oocyte, they are

presumably synthesized in the tropharium and transported to the oocytes via the

trophic cords. This unique cellular architecture of the Rhodníus ovariole provides

an excellent model in the future to study the mechanism of intracellular transport

of mRNA's. The identification of any maternal mRNA's that play roles in

development, especially in polarity and or germ cell determination would open

new avenues to explore the exaggerated nurse cell - oocyte polarity in the

telotrophic ovarioles. There has been no previous research on the existence of

maternal determinants in t}:re Rhodnizs ovariole system.

Recently, the study of McPherson and Huebner (1993) showed that there

are also dynamic and asymmetrical affangements of cytoskeleton in the anterior

(the region close to the trophic cord)- posterior (the region far away from the

trophic cord) ends of the developing Rhodníus oocyte similar to the Drosophílø

system. This suggests that that cytoskeleton might also play a similar role in

determining the asymmetrical localization of the potential maternal determinants

in Nndnius. Also, asymmetries are found in the radial pattern of extracellular

electrical currents around the intact Ntodnius ovarioles and particularly around

the terminal follicle (Diehl-Jones and Huebner, 7992). This also implies the

existence of developmental polarity in the Ntodnius oocyte. Recent study on the

origin of germ cells in early embryogenesis of Rhodnius also provides direct
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evidence of asymmetries and polarity in the Rhodnius oocyte (Heming and

Huebner, personal communication; Kelly,1989).

Drosophílø is the only insect system where the molecules responsible for the

maternal determination of the embryonic pattern have been identified at the

molecular level (St Johnston and Nusslein-Volhard,1992). This coupled with the

availability of the cDNA's of the Drosophila maternal genes, which makes it

possible for us to attempt to identify the existence the homologous genes in

Rhodnius using molecular biology tools. My M.Sc. research is the first attempt to

determine if the selected maternal genes from Drosophilø have any homologous

counterparts in the insect Rhodnius prolixus which is from a different order. This

is done by screening the Rhodnius genomic DNA Southern blots and ovariole

RNA blots with the cDNA's of Drosophilø maternal genes as probes in order to see

if the any of the selected Drosophilø maternal genes have homologous sequences

which are conserved in t}:re Nndniøs genome and expressed in the Rhodnius

ovariole. Detection of any homologies would make it possible to determine if they

play polarity or germ cell determining roles in Rhodníus and how conserved these

mechanisms are. Furthermore, the identification of specific nurse cell produced

mRNA's in Rhodníus would also provide a valuable tool for the study of the

mechanism and dynamics of nurse cell - oocyte transport in the telotrophic ovary

and the possible role of cytoskeleton in the establishment of polarities.

Thus the objectives of my research are (1) to isolate genomic DNA from

Rhodnius; Q) to screen the Rhodnius genomic DNA using Southern blot

17



hybridization with the probes of the Drosophílø maternal genes nønos, Bic-D,

oskar,bicoid and aasa as probes; (3) to isolate total RNA from Rhodníus ovafioles

and testis; (4) to detect the tissue expression of the homologous sequences in the

Rhodníus genome to the Drosophilø genes through Northern blot hybridization

using the probes that gave positive signals on Southern blots; (5). to examine

which part of the genes that gave positive signal is responsible for the

hybridization.

MATERIATS AND METHODS

Animal Rearing Techniques

A colony of Rhodnius prolixus was kept in a controlled environment at high

humidity and 27"C according to the methods of Huebner and Anderson (1972).

The colony was fed at two week intervals on female New Zealand white rabbits.

A colony of wild type Drosophílø melanogøster was also kept at room temperature

in a vial with sponge plug containing Carolina Instant Drosophila Media (Carolina

Biological Supply Co.).

Animal Dissection

Ovaries and testes were dissected from adult Rhodnius, fed four or five

days before. The legs, wings,lateral edges of the abdomen were quickly removed

with surgical scissors and the anterior dorsal cuticle layer was peeled off. The
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ovaries or testes were removed from the surrounding tissues and transferred to

a 1.5 mI microfuge tube on ice.

Isolation of Rl¿odzizs Genomic DNA.

The following method (protocol of Dr.Ross McGowan, Dept. of Zoology,

UM) was used to isolate Nhodníus genomic DNA. For each isolation, ovarioles

from 8 Ntodnius females were placed into an ice-cold 1.5 ml microfuge tube to

which 600 ul "tail buffer" (Tris.pH 8.0: 50 mM, EDTA pH 8.0: 100 mM, NaCl:100

mM, SDS:1.Vo) was added. The ovarioles were homogenized with a pellet pestle

(Mandel Sci. Co. Ltd),50 ug proteinase K (stock 10 mglml, Promega) was added

to the homogenate followed by overnight incubation at 56oC. Then 600 ul ( or

equal volume) of phenol previously equilibrated with TEa (Tris,pH 8.0:10 mM,

EDTA:O.I mM) was added to the proteinase K digests and mixed by vortexing,

spun at 72,000 g for 10 minutes, and the aqueous phase and interphase were

transferred with a broad-tip plastic pipette (Canlab) into another sterile 1.5 ml

microfuge tube. Back extraction was done once by adding 100 ul TEa to the

original tube, vortexing and spinning as before and the aqueous phase was

recovered and combined with the first aqueous phase and interphase extraction

and then equal volume of phenol was added, vortexing and spinning again as

before, the aqueous phase and interphase were collected as before into a new L.5

ml microfuge tube. To this tube, an equal volume of PCI ( 25 phenol : 24

chloroform : f. isoamyl alcohol) solution was added, vortexing and spinning as
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before for 10 minutes. Only the aqueous phase was fransferred to another tube

to which 3 ul boiled RNAase A (10 mglml stock, Pharmacia) was added and

incubated at37"C for t hour. The PCI extraction was repeated once more and the

aqueous phase was collected. An equal volume of CIA (24 chloroform : 1 isoamyl

alcohol) was added, vortexed and spun for 3 min and the aqueous phase was

transferred to another new 1.5 ml microfuge tube. 1/2 volume of 7.5 M

ammonium acetate was added to the tube, mixed well, and then an equal volume

of isopropanol was added. The tube was inverted several times. The DNA was

pelleted by centrifuging at 12,000 g for L0 minutes, and the DNA pellet was

washed withTjVo and9SVo ethanol (the tube was spun between the two washes)

and dried in a 65oC oven for 3 - 4 minutes and dissolved in 400 ul of TE" in 65oC

oven for 45 - 60 minutes. The DNA was reprecipitated with ammonium acetate

and washed as before. The DNA was redissolved in 400 ul of TE4. 10 ul of the

DNA solution was added to 390 ul TE" and the concentration was measured at

260 nm and 280 nm on a spectrophotometer (Spectronict60l., Milton Roy Co.). The

ratio of the ODrro^-/280* was around 1.8 - 2.0. Since 1 unit of the OD value is equal

to 50 uglml of double stranded DNA, the calculation of the quantity of total

DNA in 400 ul solution was: OD value X 50 X 0.4 X 40 ug. The yield of each

standard extraction was 60 - 80 ug. Usually, 200 ng of DNA was run in a'l%

agarose check gel and stained in 0.5 uglml ethidium bromide water solution for

15 minutes and viewed under UV. The DNA appeared as a single tight band if

it was not degraded.
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Isolation of Drosopkilø Genomic DNA

To use Drosophila melønogast¿r genomic DNA as a positive control for

Southern blot hybridization, Drosophílø genomic DNA was also isolated according

to a method provided by Dr.Paul Lasko's Lab, Dept'of Biology, Mccill

IJniv.,Montreal. Forty etherized flies were homogenized in 600 ul of "solution A"

(Tris-HCl,pH 9.0:0.1 M, EDTA:0.1M, SDS:1%, DEPC(Diethyl pyrocarbonate):1%

added freshly) in an ice cold 1.5 ml microfuge tube with pellet pestle. The

homogenate was incubated for 30 minutes at70"C. Then PCI extraction was done

twice and CIA extraction once. Three ul of boiled RNAase A (10 mg/ml stock,

Pharmacia) was added, incubated at 37"C for L hour. Then the PCI and CIA

extraction was repeated. Fourteen ul of 8 M potassium acetate was added for each

100 ul homogenate and left on ice for 30 minutes and then spun at 12000 g for 15

minutes at 4"C. The supernatant was transferred to another tube and the DNA

was precipitated by adding > L volume of isopropanol at room temperature for

20 minutes and spinning for 5 minutes at room temperature. The DNA pellet was

washed and dried as usual and then redissolved in 50 ul TE'. The concentration

and quality of the DNA was checked as noted earlier.

DNA Gel Electrophoresis.

1% agarose DNA gel electrophoresis was routinely performed throughout

this research. Agarose powder (Sigma A-9539) was weighed and dissolved in 1

X TAE running buffer (0.04 M Tris-acetate, 0.001 M EDTA, pH 7.8) by heating in

2'.1





ethanol overnight) at room temperature. Another 200 ul of solution A was added

to the homogenate and then 50 ul (0.1 volume of solution A) of 2 M sodium

acetate (pH 4.0) was added and mixed by inversion. This was followed by adding

600 ul of PCI, 10 seconds vortexing, chilling for 15 minutes on ice and finally

centrifugation at 10,000 g for 20 minutes at 4oC. Under acidic conditions, only

RNA will specifically partition into the aqueous phase. So the aqueous phase was

collected with a sterile plastic transfer pipet (Optional a back extraction was done

by adding 10 ul of 2 M sodium acetate (pHa.O) and 100 ul of solution A to the

original tube, vortexing and centrifugation as before and the aqueous phase was

collected and combined with that of the first extractions). The RNA was

precipitated by mixing an equal volume of isopropanol, and leaving at - 20"C for

at least 2 hours or overnight. Centrifugation at 10,000 g for 20 minutes at 4oC

produced an RNA pellet which was resuspended in 500 ul of solution A at room

temperature by slowly pipetting the solution up and down and vortexing. The

RNA was reprecipitated, resuspended and reprecipitated again as before. Thus

only RNA was differentially precipitated. The RNA pellet was washed twice with

1 ml ice cold 95Vo ethanol, with a 10 minute spin between each washing . The

RNA pellet was dried by heating the fube in a 65oC oven for 2 minutes. The RNA

was resuspended in 500 ul of DEPC-treated dd HrO by pipetting and vortexing.

After the reprecipitation of the RNA by adding 0.1 volume of 2 M sodium acetate

(pH 4, DEPC treated), and equal volume of isopropanol, it was put at -20oC for

L hour. Subsequently it was centrifuged, washed, dried and resuspended as
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before. The precipitation step was repeated to remove the guanidium thiocyanate

in the sample. 7 or 2 ul of RNA sample was added into TE" solution yielding a

total volume of 400 ul. The OD value was read at 260 um, 280 um and 230 um.

Each OD unit at 260 um represents 40 ug of RNA per ml. A ratio of ODr*lOD,o

around 1.8 - 2.0 indicates there is no protein contamination, and the ratio of

OD*/OD'ro greater than 2 indicates there is no contamination of guanidium

thiocyanate. If there was guanidium thiocyanate contamination, the reprecipitation

and resuspension was repeated till the guanidium thiocyanate was eliminated. In

each standard extraction, 400 - 600 ug, 100 - 200 ug or 50 - 80 ug of total RNA

was isolated from Rhodnius ovarioles,Rhodnius testis or Drosophila female adults,

respectively. The integrity of RNA was checked by running a RNA denaturing gel

and the RNA was stained with ethidium bromide and viewed with a UV

transluminator to visualize distinct 28S, 18S and 55 ribosomal RNA bands. I also

used mouse B-actin cDNA to probe the RNA blot to verify the RNA integrity by

checking for a discrete actin RNA band . For RNA isolation, all salt solutions and

water were treated with DEPC (diethyl pyrocarbonate) to inactivate any RNAase.

DEPC was added to the solution to final concentration of 0.05% and shaken

vigorously and left overnight at room temperature overnight, and then autoclaved

for 20 minutes .
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Electrophoresis of RNA in Gels Containing Formaldehyde.

The RNA sample was run in a 1..5 - 2.0Vo agarose gel containing

formaldehyde according to Sambrook et ø1.(1989). A 5X Formaldehyde gel running

(FGR) buffer (0.1M MOPS, 40 mM sodium acetate, 5 mM EDTA,pH 8.0) was

prepared, adjusted to pH 7.0 with 5 N NaOH, stored at 4oC. Agarose was

dissolved in deionized water to a concenffation of 2.4Vo (if a final concentration

of 'J..5% wanted) or 3.2Vo (if a final concentration of 2.0Vo wanted) by heating in

a microwave. The solution was stirred for 1 minute with a magnetic stirrer and

then cooled to 60'C in waterbath. A 150 ml of RNA gel was quickly made on a

warm (50 -60'C) heating plate while stirring by mixing 93.75 ml of the disolved

agarose gel (2.5% or 3.2%),26.76 ml of 37% (w/v) formaldehyde (final

concentratton:2.2l|ld),29.43 ml of 5X FGR buffer (final concentration: 1X). The gel

was cast in the fume hood and left for t hour before using. The following were

mixed in a 0.5 ml microfuge tube: 4.5 ul RNA (up to 20 ug), 3.5 ul 37%

formaldehyde, 2.0 ul 5X FGR buffer, 1.0 ul deionized formamide and 2.0 ul

loading buffer (50% glycerol, 1 mM EDTA, pH 8.0, 0.257o bromophenol blue,

0.25Vo xylene cyanol FF, DEPC treated). The sample was incubated for 15 minutes

in a 65"C waterbath in order to destroy the secondary structure of the RNA, then

chilled on ice. 1 ul of ethidium bromide (10 mglml) was also added to the RNA

mixture to permit visualization under UV. The gel was prerun for 5 minutes at

5 V/cm in lX FGR buffer, then the RNA mixture was loaded into the wells and

the gel was run at 3 - 4 Y / cm until the bromophenol blue migrated to 8 cm.
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Probes

l.The DNA Probes

We requested and kindly received the following cDNAs from a number of

key Drosophila labs. Hunchback genomic DNA (pE 8), nanos (pN5), Bic-D (c685)

from Dr.Gary Struhl, Howard Hughes Medical Instirute. Nanos cDNA (pNsXa 1.8

Kb SalI - XhoI fragment in the pNB4O vector) and osknr cDNA from Dr. Ruth

Lehmanry Whitehead Institute for Biomedical Research, MA. Osknr cDNA (p1952,a

1.9 Kb EcoR[ fragment in pGEMI),bícoid cDNA (p1128, a - 2.4 Kb EcoRI - Hind

III fragment in pGEM2) and exu cDNA from Dr. Paul Macdonald, Stanford

University. Vøsø cDNA (v1..3, a 1.3 kb EcoR[ fragment in plasmid bluescript SK

+/) from Dr. Paul Lasko, McGill University.Bic-D cDNA (pc15a., a2.9Kb EcoRl

fragment in plasmid bluescript BS.) from Dr.Beat Suter, McGill University. bicoid

cDNA (c53. a6.6) and hunchb øck genorrric DNA (pE 8) from Dr.C.Nusslein-Volhard,

Max Planck Institute for Entwicklungsbiologie, Germany. The antisense PRD-

repeat,5'CGG(A/G)TGCGG(A/G)TGCGG(A/G)TG 3', was artificially synthesized

by the DNA Laboratory, Faculty of Medicine, IJniversity of Manitoba. Mouse B-

actin cDNA was obtained from Dr. Ross McGowan, Dept.of Zoology, University

of Manitoba; l. HindtrI digested fragments (Phamarcia) was also used as probe

to detect the RNA ladder on the Northern blots.
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2. Purification of DNA Fragment from Agarose Gel with DEAE Membrane

TheDrosophíla cDNA inserts were cut out from the vector with appropriate

restriction enzymes and purified from agarose gel. To monitor the digestion, a

small aliquot of the digest (usually containing 100 - 150 ng of DNA) was run in

a DNA checking gel along with the un-cut total vector DNA containing the cDNA

insert as a control and also with À HindIII digest as a marker to check if the DNA

was completely cut. If it was not fully cut then more enz)¿rne was added and the

checking was repeated until the DNA was completely digested. Then the DNA

digest was then run in a"L - 2% agarose gel and the DNA inserts of interest were

individually purified from the agarose gel with a DEAE membrane (Mandel

Sci.Co.Ltd) and finally a small aliquot of the purified DNA was run in an agarose

gel again to make sure that the purified DNA was the wanted DNA fragment and

there was no contamination of other DNA fragments. The purified DNA

fragments were used as probes for Southern and Northern blot hybridizations.

The detailed procedure for the purification of individual DNA fragments from

agarose gel with DEAE membrane is presented below.

The DNA digest was usually run in a wide loading well of L% agarose gel

at 80 volts. If a DNA fragment less than 1 Kb was to be purified or two DNA

fragments that are close in size are to be separated, a 2Vo agarose gel was used.

When the bromophenol blue had migrated half way down the gel, the gel was

taken out of the gel box and stained in lX TAE solution containing 0.5 uglml

ethidium bromide for 15 minutes and destained in 1 X TAE solution for 15
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minutes and then the gel was viewed under long wave length of UV (302 nm).

The DNA band of interest was located and a line was cut in the gel with a razot

blade just ahead (-2-3 mm) and immediately behind the DNA band and then the

UV was turned off. Strips of 1 cm high DEAE membrane of the same length as

the cut line in the gel were cut and presoaked in dd FtO. One membrane was put

into each cut line with wide-tipped tweezers. The gel was put back to the gel box

and more lX TAE running buffer was poured into the gel box to just cover the

gel and also remove any air bubbles in the wells. The DNA was run an additional

10 to 15 minutes and the gel was viewed under long wave length of UV to make

sure all the DNA band of interest was bound to the DEAE membrane and no

longer be visible in the gel. The DEAE membrane containing DNA was taken out

of the gel and rinsed in ddF{rO to remove any agarose pieces. Then the membrane

was put into a sterile 1.5 ml microfuge tube and completely covered by adding

500 ul high salt elution buffer (1.0 M NaCl,50 mM Tris.Cl pH8.0, 10 mM EDTA

pH8.0). The tube was incubated at 65"C for 45 minutes to remove the DNA from

the membrane. After the incubation, the membrane was removed from the tube

with tweezers and placed into another tube and rinsed with 100 ul high salt

elution buffer which was then combined with the original high salt elution buffer

containing eluted DNA. PCI and CIA extraction were performed once (see the

DNA isolation section) and the aqueous phase (about 600 ul) was split into two

microfuge tubes. To each tube, 0.2 volumes of 7.5 M ammonium acetate and 2

volumes of 'l,00Vo ethanol were added, then the tubes were inverted several times

28



and stored at - 20oC for 30 minutes. The tubes were then cenfrifuged for 20

minutes at'1.2,000 g. The supernatant was discarded, and the DNA pellet was

washed and dried as usual (see DNA isolation section). Finally, the DNA was

dissolved in a total of 50 - 200 ul TE" (10 mM Tris.Cl,pH8.0, 0.1 mM EDTA).

The concentration of the DNA solution was determined by a dot series test.

This was done by mixing 1 ul of 10 mglml ethidium bromide water solution with

4 ml 1 70 melted agarose gel and spread onto a glass slide. After the gel solidified,

1. ul sample of DNA solutions of known concentrations ranging from 6 ng/ul to

500 nglul were dotted on the slide. 1 ul of tested DNA solution was also dotted

on the same slide. Once the DNA solution dried, the slide was viewed which UV.

The fluorescence intensity of the tested DNA dot was compared with that of the

standard DNA dots and the concentration of the tested DNA was determined by

selecting the appropriate concentration of the standard that matched the

fluorescence intensity.

3. Transformation of E.coli IM109 with Plasmid and the Amplification.

To amplify the bicoíd cDNA p7728, it was introduced into E.coli IM109

(Ampicillin sensitive,Promega P9751). The plasmid containíngbicoíd cDNA was

thus amplified and subsequently extracted from IM109.

Competent M109 cells were prepared using the CaCl, method (Sambrook,

et a1.,7989) with minor modifications. The procedure was as follows. A single

colony (2-3 mm in diameter) was removed from LB-agar (7% bacto-tryptone,
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0.5% bacto-yeast exfract, 1% NaCI, 1,.5% agar,pH 7.0) plate grown for 16 - 20

hours at37oC and transferred to 10 ml LB culture medium and incubated at 37oC

in a vigorously shaking waterbath overnight. Then, 1 ml of the overnight culture

was transferred to a 50 ml centrifuge tube containing 25 ml LB culture medium

and incubated at 37'C in a shaking waterbath for L hour. The concentration of

cells was checked by measuring the OD value at L5 minutes intervals until it

reached to 0.18 - 0.20, then the 50 ml centrifuge tube were placed on ice for 10

minutes before centrifuging the cells at 4,000 rpm for 10 minutes at 4oC. The

supernatant was discarded and the pellet was drained free of fluid by inverting

the tube for 1 minute. The pellet was resuspended in 10 ml of ice cold 0.1 M

CaCl, solution and left on ice for 30 minutes. The cells were centrifuged again at

4,000 rpm for 10 minutes at 4oC. The supernatant was discarded, and the tube

was inverted and drained for L minute. The pellet was resuspended in 1 ml of ice

cold 0.1 M CaCl, solution and left on ice for 30 - 40 minutes. 300 ul of the

resuspended cells were transferred into each of two ice cold 1.5 ml microfuge

tubes and L ng of bicoíd p1128 plasmid DNA was added to one microfuge tube

and L ul of TEa was added to the other tube as a negative control. After gently

mixing they were stored on ice for 30 minutes. Then the tubes were incubated in

a 42"C waterbath for exactly 90 seconds without being disturbed and then chilled

on ice for 2 minutes. Then the 300 ul cell suspension was transferred to a 15 ml

centrifuge tube containing 700 ul LB culture medium and incubated at 37"C for

45 minutes with vigorous shaking. This step allowed the transformed bacteria to
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recover and express the ampicillin resistance marker encoded by the bicoid

plasmid p1'728. After this incubation, 100 ul of the culture was spread with a

sterile bent glass rod on a LB-agar plate containing 25 ug/ml of ampicillin and

the rest of 900 ul of culture was spread on another culture plate containing 25

uglml of ampicillin. The plates were left at room temperature until the liquid on

the agar dried and then inverted and incubated in a 37"C oven overnight. In a

successful procedure colonies were found on the experimental plates but not on

the negative controls the next morning.

The amplification of bícoid plasmid DNA was done using a Magic

Megapreps DNA Purification System (Promega, A7300). The ]M 1.09, transformed

by bicoid plasmid, was grown in 500 ml of LB culture medium containing 25

uglml of ampicillin at 37oC overnight with vigorous shaking. The cells were

pelleted by centrifugation at 4,000 rpm for 20 minutes at 4oC in two 250 ml

centrifuge bottles. The cell pellet was resuspended in 30 ml of the kifs Cell

Resuspension Solution and 30 ml of the kifs Cell Lysis Solution was added and

mixed thoroughly by inversion. The cell suspension then became clear and

viscous. Subsequently 30 ml of the kit's Neutralization Solution was added and

mixed immediately by inversion several times. After centrifuging at 4,000 rpm for

15 minutes, the clear supernatant was filtered with a Whatman No.1 filter paper

into another new 250 ml centrifuge tube. The DNA was reprecipitated by mixing

in 0.6 volume of isopropanol, and centrifuged at 14,000 g for 5 minutes. The DNA

pellet was resuspended in 5 ml of TE" buffer and 20 ml of the Magic Megacolumn
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Purification Resin was added to the DNA solution, swirled to mix. The

Megacolumn tip was inserted into the vacuum manifold. The resin /DNA mix

was transferred into the Megacolumn. A vacuum was applied to pull the

resin,/DNA mix into the Megacolumn. To ensure that all of the DNA/resin mix

was transferred to the Megacolumn, 25 ml of the Column Wash Solution was

added to the bottle that has contained the DNA/resin mix, swirled and

immediately poured into the Megacolumn. Another 25 ml of Column Wash

Solution was added to the Megacolumn and suction was applied to draw the

solution through the Megacolumn. The resin was rinsed by adding 10 ml of 80Vo

ethanol to the Megacolumn and a vacuum was applied again to draw the ethanol

through the Megacolumn and the suction was continued for an additional 10

minutes in order to dry the resin. The Megacolumn was removed from the

vacuum manifold and placed in the Reservoir (50 ml screw cap fube). 3.0 ml of

preheated (65'C) TE'was applied to the Megacolumn and left for 1. minute. To

elute the DNA, the Megacolumn/Reservoir was centrifuged at 4,000 rpm for 5

minutes with a Beckman IA-17 rotor. The Megacolumn was removed and the

plasmid DNA was stored in the capped reservoir. This protocol yietded 2.5 mg

of bícoid p7128 DNA.
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4.Probe Labelling.

a.nandom Primer l.arclling

The random primer labelling method is widely used for DNA labelling

(Sambrook,et a1.,1989). The template DNA is denatured by boiling and thenbound

to molar excess of oligonucleotides which initiates the DNA synthesis catalysed

by the Klenow fragment of E.coli DNA polymerase I resulting in single DNA

strand of 400 - 600 nucleotides being produced. Atl the Drosophilø DNA probes

I used were radio-labelled by this method following the protocol of the Primer-a-

Gene@ Labelling System (Promega).

For each labelling, 25 ng of DNA in 5 - 10 TE" was boiled for 3 minutes in

a 1.5 ml microfuge tube and then quickly put back on ice. This was then mixed

with 10 ul of 5X labelling buffer (Promega u1151, 250 mM Tris.HCl, pH 8.0, 2s

mM MgClu 70 mM DTT, 1 M HEPES, pH 6.6, and 26 Ar* units/ml random

hexadeoxyribonucleotides), 2 ul mixture of dGTP,TTP,ATP (500 uM each), 0.4 ul

of 50 mglml of nuclease free BSA, 5 ul of [6¿;'?P] dcrP (Du pont 10 uci/ul), 5

units of Klenow enz)¡me, sterile dd H,O was added to bring the total volume to

50 ul. The reaction was carried out at 37"C for 60 minutes. The tube was put on

ice and 4 ul of renatured salmon sperm DNA (10 mglml), 4 ut of 100 mM

spermine.4Hcl and 140 ul of FIO were added to the tube, and left on ice for 15

minutes. Centrifugation at 12,000 g for 10 minutes yielded a pellet which was

then washed twice with 200 ul TE'+1mM spermine.4HCl. Then 250 ul TEa+0.5 M

NaCl was added and the tube was boiled for 6 minutes and then quickly put on
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ice. The DNA was now ready for hybridization. Usually, the probe radioactivity

was measured as high as 200,000 - 600,000 counts/2ul/minute.

n.S'¡nA I,a¡etting o

The PRD-repeat was labelled by S'end labelling by phosphorylation. The

synthetic PRD-repeat does not have a phosphate group at its 5' terminus and is

therefore easily labeled by transfer of the y-"P from [yj'P]Atp using the enzyme

bacteriophage T4 polynucleotide kinase (Sambrook,et a1.,7989).

In a 0.5 ml microfuge tube, the following was added: 0.5 ul of PRD-repeat

(10 pmoles/ul); 2.0 ul of 10 x 14 polynucleotide kinase buffer (10X: 0.5M

Tris.Cl,pH 7.6; 0.1. M MgClr, 50 mM dithiothreitol, lmM spermidine HCl, 1 mM

EDTA,pH S.0);5 ul of [y-azp]ATP (10 mCi/ml,sp.act. 5000 Cilmmole,Amersham);

1.0 ul of T4 polynucleotide kinase (BRL,10 u/ul); deionized FtO was added to

bring the volume to 20 ul. The reaction was incubated at 37"C lor 45 minutes and

was stopped by adding 2 ul of 0.5 M EDTA (ph s.0). The tube was then put on

ice until use. In this experiment, the labelled probe was not seperated from the

free radioactive nucleotide, instead, the whole mixture was mixed with 8 ml of

hybrydization mixture as used for Southern blot hybrydization.

34



Hybridizations.

(l).Southern Blot Hybridization

Appropriate amounts of Rhodnius and Drosophilø genomic DNA were

subjected to EcoR I (Pharmacia) digestion for t h at 37oC oven. In order to

monitor the digestion, usually 10 ul of digestion mixture containing the genomic

DNA (about 0.5 ug), EcoR[ (about 2 - 3 units) and lX reaction buffer was mixed

with 0.5 ug of pGEM. After the digestion, these test digestion mixtures were run

in'l.Vo agarose gel along with 0.5 ug of pGEM that was not digested by any

enzyme and also with 0.5 ug of pure pGEM DNA that is digested by EcoRI. If the

pGEM in the test mixture was completely digested as viewed under UV after

being stained, the overall digestion was judged complete. The digested genomic

DNA was then precipitated with ammonium acetate and washed , dried,

redissolved as before. The DNA was immediately electrophoresed in'l.Vo agarose

gel with 10 ug per lane at 34 volts overnight. Usually a 25 ul of I HindtrI digest

(100 nglul) was also run in the same gel.

Once the bromophenol blue had migrated L5 cm, the gel was removed and

stained in 0.5 uglml ethidium bromide/water solution for 20 minutes with

occasional agitation. The gel was then destained in dd FI,O for 20 minutes. The

gel alongside a ruler was photographed under a UV transluminator. The gel was

then soaked in 1 litre of 1X Southern denaturing buffer (4X stock: 2.4MNaC1, 0.8

M NaOH) for 40 minutes with occasional agitation to denature the double

stranded DNA in the gel. After the denaturation, the gel was transferred to a
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southern Blot Box. This box was built in a storage box (40 x zB x 1.s cm) with

spongy matrix at the bottom of the box. 20 x SSC (1X SSC: 0.15 M NaCl, 0.015 M

sodium cifrate, pH 7.5) was poured into the box to a level 1 cm below the top

surface of the sPongy mafrix. Two layers of Whatman No.1 filter paper were

wetted with dd FtO and placed onto the surface of the matrix, one by one with

no air bubbles. The gel was slowly placed onto the filter paper and any trapped

air bubbles were squeezed out gently with a wetted Wharton bottle. A nylon MSI

membrane (Fisher Scientific) was cut a little larger than the gel, wetted, and

placed so as to cover the whole gel and again any air bubbles were squeezed out.

Strips of discarded X-ray film were placed along the edges of the gel to act as a

barrier. Two sheets of Whatman No.1 filter paper were cut to appropriate size,

wetted, and placed over the MSI membrane individually avoiding trapping air

bubbles. This was followed by putting a layer of paper towel (4 - 5 inches thick)

on the Whatman filter paper and a light weight of 200 grams was put onto the

paPer towels. The 20 X SSC solution thus was drawn from the bottom of the gel

and moved upward through the gel by capillary action through the paper towels,

the denatured DNA will move along with the SSC solution and becomes bound

to the MSI membrane. The Southern transfer was left overnight.

Then the paper towels and the filter paper were removed carefully. A

water proof marker pen was used to mark the position of each well of the gel on

the MSI paper, and also the position of the lane containing the DNA sample, and

the date. The MSI membrane was removed from the gel and rinsed briefly in dd
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H'O, and blotted dry the membrane with paper towels. The MSI membrane was

baked in a 80oC oven for 2 hours. The MSI membrane was then washed in a 500

ml of washing solution containing 0.1 X SSC and 0.1% SDS for 40 minutes. The

membrane was then placed into a sealed decosonic bag containing 25 ml of

prehybridization mix (6X SSC, 10X Denhardts(7X: 0.02Vo bovine serum albumin,

0.02Vo polyvinylpyrrolidone, 0.02Vo ficoll), 500 uglml single stranded Salmon

sperm DNA,0.5% SDS) at42oC oven with gentle shaking overnight. The blot was

taken out from the oven and stored in 4'C refrigerator in preparation for

hybridization.

TheDrosophila cDNA probe was radio-labelled by random primer labelting

(Promega, Primer-a-Gene@ labelling system). The specific activity of the tabelled

probe was measured by adding 2 ul of labelled DNA solution into a plastic vial

containing 1 ml of biofluoro which is then put in a Liquid Scintillation System

(Nuclear-Chicago Corp., 720 series) to measure the counts/minute of

radioactivity. The prehybridization mixture was removed out of the bag

containing the blot replaced with 10 ml of hybridization mixture (1 M NaCl, 0.12

M Tris,pH 8.0,8 mM EDTA, lX Denhardts, 100 uglml of single stranded salmon

sperm DNA, 0.5Vo SDS) containing the radioactive probe solution at the

concentration of 4 X'1,06 cpm. The hybridization was done routinely at 55oC

overnight in a shaking waterbath.

Subsequently, the blot was taken out of the bag and washed in 1 L of

washing solution. For most Drosophila probes, the washing was as following
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(exceptions are noted in figure legends): first wash: 5X SSC, 0J,% SDS, room

temperature,20 minutes; 2nd wash: 5x SSC, 0.1vo SDS,57-58"C 20 minutes; 3rd

wash: 2X SSC, 0.'l.Vo SDS, 57-58oC,20 minutes; 4th wash: 2X SSC, 0.1,%

SDS,57-58"C,20 minutes. After washing, the blot was dried with paper towels and

wrapped with saran-wrap. The blot was then put into an X-ray Exposure Holder

(Eastman Kodak Co.) in contact with an X-ray film (Eastman Kodak Co. Cat

No.165 1'454) in darkness. The film was exposed at-Tï"Covernight for 3 days and

was then developed in Kodak GBX developer and replenisher for 4 minutes at

room temperature, fixed in Kodak rapid fixer with hardener for 4 minutes, then

washed in tap water for 15 minutes.

To determine the size of the bands that are detected on the X-ray film, the

migrating distance of each band of l" HindtrI digest was determined by checking

the photograph of the gel, since the migrating distance of DNA is reversibly

proportional to the logo of the number of the DNA base pairs. A linear

relationship was obtained between the log,o value of the size of each fragment of

À HindIII and it migrating distance. The migrating distance of the detected band

could be measured on the X-ray film and the corresponding log,o value could be

measured from the standard î" HindtrI graph, and finally the size of the detected

band was calculated.

The blots could be stripped and reused. This was done by washing the

blots in Southern denaturing buffer at 42-45oC for 30 minutes and then in 1X

Southern neutralizer (4Xstock:L.0 M Tris.Cl, 2.4M NaCl) at 65oC for 45 minutes.
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The blot was washed in 1 L of washing solution (O.fX SSC,O.'l.Vo SDS) at 65"C for

30 minutes. Then the prehybridization step was repeated and the blots were

stored at 4oC refrigerator until next use.

(2).Northern Blot Hybridization.

The procedure for Northern blot hybridization was basically simitar to that

of Southerns with the exception of a few steps. Usually, an RNA marker (GIBCO)

was also run simultaneously with the RNA sample. Along with Rhodnius ovariole

RNA, DrosophíIø female RNA was run as a positive control and Rhodnius testis

RNA was run as a negative control. After electrophoresis, the gel was rinsed with

large volume of deionized water at least 3 times to remove the formaldehyde. The

subsequent procedure of Northern transfer through the washing step is exactly

the same as that of Southern blot hybridization.

To calculate the size of the RNA band from the Northern blot, part of

membrane that contains the RNA marker lane was cut out and probed

individually with radio-labelled l, HindIII digest to detect each band of the RNA

marker on X-ray film, since the RNA marker is made by in aitro transcription of

different fragments of À phage (GIBCO^5620S4) and the RNA marker was not

properly detectable using ethidium bromide. The migrating distance was

measured directly on the X-ray film and a similar standard graph was made as

I did for L Hindltr digest standard graph for the Southern blot.

To reuse the Northern blot, the blot was washed at 65oC for 1.5 - z hours
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in a washing solution (S mM Tris.Cl, 0.20 mM EDTA, 0.0SVo Di-Sodium

pyrophosphate, 0.1 x Denhartds) and rinsed in z x ssc ,incubated in

prehybridization mixture (same as for Southerns) overnight at 42"C with gentle

shaking. The blot was then stored in 4"C refrigerator until needed next.

RESULTS

Isolation of Genomic DNA

Figure 3A shows the check gel of the genomic DNAs isolated from

Rhodnius ovariole and Drosophila melanogøsúel adults. A tight band in each of the

sample lanes showed the isolated DNA is not degraded and in high molecular

weight form.

Southern Blot Hvbridization

In this experiment, the cDNAs of DrosophíIø gene Bíc-D (p15a), nønos (Ns),

oskar (p1952),aøsa (v1.3) andbícoíd (pl128) were used as probes for the Southern

blot hybridization.

Nanos:

Figure 4 A shows the southern blot probed with nønos cDNA. The 9.2 kb

fragment containing Drosophilø nanos gene was found in the DrosophiløEcoRl



genomic DNA lane (Wang and Lehmann,1991) but no signal was found in the

Rhodnius genomic DNA lane under these experimental condition (see the figure

legend).

Bíc-D.

Figure 4 B shows the Southern blot probed with Bic-D cDNA. The 13.6 kb

and 6.1 kb EcoRI fragements containing Drosophílø Bíc-D gene were detected in

the Drosophila genomic DNA lane (Wharton and Struhl,1989) but no signal was

found in the Rhodníus DNA lane under these experimental condition (see the

figure legend).

Oskar:

Since t}rte oskar cDNA probe always resulted in a high background, it was

not possible to determine whether or not there was a hybridization signal in the

Rhodnius genomic DNA distinguishable from the background (data not shown).

W:
Figure 5 A shows the Southern blot probed with aøsø cDNA (V1.3). Eight

hybridization bands were detected in the Ntodnius genomic DNA lane while the

signal from the Drosophilø DNA lane was too strong to distinguish the individual

bands, presumedly due to the relatively low hybridization and washing

stringency compared to the Drosophilø DNA sequence (see the figure tegend).

41



Bicoìd:

When the Southern blot was probed with bicoid full length cDNA p7728,

two hybridization bands oÍ 4.6 kb and 3.2 kb were detected in Khodniu.s genomic

DNA under the washing condition of relatively low sfringency (Fig.6 A).

Increasing the washing stringency resulted in a loss of the 4.6 kb band but the

strong hybridization signal from the 3.2 kb band remained. The 8.7 kb EcoRI

fragment of Drosophíla genomic DNA containing the bícoid gene (Berlith, et

a1.,1988) was also revealed in the Drosophílø DNA lane.

Isolation of RNA

Figure 3 B shows the check gel of the isolated RNA from Rhoilnius ovariole,

testis and Drosophila melanogaster females. The 18 S and 28 S ribosomal RNAs

were well stained as visible in the Rhodníus ovariole RNA lane however the 28 S

rRNAs of Drosophílø RNA and Rhodniøs testis RNA were not visible.

Northern Blot Hybridization

Since positive signals were found on Rhodníils genomic Southern blots

when probed with aasa and bicoíd cDNA, Northern blot hybridization was

performed by using uøsø cDNA V1.3 and bicoid cDNA p1,1,28 as probes in order

to determine whether the sequences homomlogous to aøsø and bícoid detected in

Rhodnius genomic DNA were also expressed specifically in Rhodníus ovariole

system.
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As shown in figure 5 B, when probed wit}:.aasaV7.3, two faint bands sized

1.8 Kb and 0.3 Kb were detected in the Rhodnius ovariole RNA lane but not in the

Rhodnius testis lane while the 2.0 kb oasa mRNA was found in Drosophilø Íemale

RNA lane (Lasko and Ashburner, 1988) under this washing condition (see the

figure legend).

A strong hybridization signal sized 0.53 Kb and a faint band sized 2.8 Kb

was found onll 
fn 

t}:re Rhodm,us ovariole RNA lane and not in the testis RNA lane

when the RNA blot was probed withbícoid p1128 cDNA (Figure 6 B). The 2.6 kb

bicoid mRNA (Berleth, et ø1.,7988) was also detected in the Drosophila female RNA

lane. These results from Northern blot hybridization indicated thatbicoid andaøsa

homologous sequences are not only present in Rhodnius genomic system but also

expressed in Ntodnius ovariole system.

Characterization of bicold cDNA Hybridization

The bicoíd full length cDNA p1.128 that I used as a hybridization probe

contains several functional subregions including the bicoid class homeobox

(Berleth et a1.,1988), the PRD-repeat (Frigerio et ø1.,1986), the M-repeat (McGinnis

et a1.,7984) in addition to the major coding region. In order to identify the

subregions within the bicoid cDNA that are reponsible for the hybridization

signals with the Southern and Northern Blots, p1128 cDNA was cut with several

restriction enzymes into several fragments containing those subregions and these

fragments were separated in and purified from agarose gel and used to reprobe
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the Southern blots and Northern blots with the same washing stringency as

before. These purified fragments were (figure 7 A): A. a 252 bp EcoRI-HinfI

fragment (position: 0 - 252 nt) containing the PRD-repeat (position: 32 - IZ2 nt);

B. a 2L1, bp HinfI-AvaII fragment (positi on: 252 - 463 nt) containing t]ne bícoíd class

homeo box (position:27T - 452 nt); C. a262 bp AvaII fragment (position: 469 - 725

nt); D. an about 1.7 kb SalI-HindIII fragment (position: 238 - -2,400 nt) containing

the M-repeat and rest of the bícoid coding region.

As shown in Figure 7 B and C, no signal was detectable on the Southern

and Northern blots when probed with the DNA fragments containing bicoid class

homeobox, M-repeat and majority of the rest of the coding region. Flowever,

when the fragment A containing the PRD-repeat was used as probe, the 4.6 kb

and 3.2 kb bands in Rhodnias genomic DNA lane were still detected on the

Southern blot and the 0.53 kb band in Rhodní¡zs ovariole RNA lane was also

detected on the Northern blot.

Probing the same Northern blots with the mouse B actin cDNA revealed

a tight band sized -2.0 kb in the l?hodníus ovariole RNA lane indicating the RNA

was not degraded (figure 7C), however B-actin cDNA failed to detect any band

from Ntodnius testis RNA (Data not shown).
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Since the bícoíd cDNA fragment A containing the PRD-repeat hybridized

strongly to Rhodnius genomic DNA and ovariole RNA, a synthetic oligonucleotide

consisting of 18 nucleotides including three antisense PRD-repeats:

S'CGG(A/G)TG 3' was used as probe to reprobe the Rhodnrus genomic Southern

blot and ovariole RNA blot in order to further explore the efstence of PRD-repeat

in Ntodníus system. The PRD-repeat oligomer still hybridized to the 4.6 kb and

3.2 kb Rhodníus genomic DNA EcoR[ fragments (figure 7B). When the washing

stringency is increased the signal from the 3.2 kb band failed to be detected but

the the signal of the 4.6 kb band was still present (figure 7B). Surprisingly, the

PRD-repeat oligomer did not hybridue to the Ntodníus ovariole RNA (Figure 7

c).

45



Figure 3.

A. The DNA check gel of the isolated genomic DNAs from Rhodnius ovarioles

(Lane 1) and Drosophíla adults (Lane 2). - 0.5 ug of Rhodnius genomic DNA and

-0.3 ug of Drosophilø genomic DNA along with - 1.5 ug of ì, DNA-HindIII digest

(Lane M) were electrophoresed in a1,% agarose gel in TAE buffer, and stained in

0.5 uglml ethidium bromide water solution.

B. The RNA check gel of the isolated total RNAs from Drosophilø melønogøster

females (Lane 1), Rhodniøs testes (Lane 2) and Ntodnius ovarioles (Lane 3). 5 ug

of total RNAs from Drosophíla females and Nndnízs testes and 2 ug of total RNA

from Rhodnius ovarioles along with 3 ug of the RNA ladder (GIBCO, Cat

No.5620SA) were electrophoresed in a 1.5% formaldehyde RNA denaturing gel.

Each RNA sample was mixed with 1 ul of ethidium bromide (10 mglml in water)

prior to electrophoresis.

46



A

2 3-+
94+
65+
43+

2.3+2.O*

B

KbM 123

Lo.+
4.4*

24+

o.24*



Figure 4

A. Southern blot hybridization using nønos cDNA pNS as a probe. 10 ug of DNA

from Drosophilø adults (Lane 1) and Rhodníus ovarioles (Lane 2) were

electrophoresed in a'l,Vo agarose gel, transferred to MSI nyton membrane and

hybridized to Drosophila nanos cDNA pNS probe. The hybridization was carried

out at 60"C in a routine hybridization mixture (see the methods) overnight. The

washing was done routinely as indicated in the methods but at 62"C.

Autoradiographic exposure time was 16 hours.

B. Southern blot hybridization using Bic-D cDNA p15a as probe. 10 ug of DNA

from DrosophíIø adults (Lane 1) and Rhodníus ovarioles (Lane 2) were

electrophoresed in a'l,Vo agarose gel, transferred to MSI nylon membrane and

hybridized to Drosophila Bíc-D cDNA p15a probe. The hybridization was carried

out at 50"C overnight in a routine hybridization mixture (see the methods). The

washing was done at 50oC, twice in 2X SSC,0.1,Vo SDS, for 20 minutes each; once

in 0.5X SSC,O.'l.Vo SDS, for 20 minutes; once in 0.2X SSC,0.'1,%SDS, for 20 minutes.

The autoradiographic exposure time was 5 days.
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Figure 5

A. Southern blot hybridization using oøsø cDNA V1.3 as probe. 10 ug of DNAs

from Drosophila adults (Lane 1) and Rhodnius ovarioles (Lane Z) were

electrophoresed in a'l,Vo agarose gel, transferred to MSI nylon membrane and

hybrydized to the Drosophílø oøsa cDNA V1.3 probe. The hybridization was

carried out as indicated in the methods. The washing was done at 55'C twice in

2X SSC,0.1Vo SDS, for 20 minutes each; once in lX SSC,0.1 Vo SDS, for 30 minutes;

once in 0.25X 9SC,IJVI SDS, for 20 minutes. The autoradiographic exposure time

was 7 days.

B. Northern blot hybridization using aøsø cDNA V1.3 as probe. 10 ug of total

RNA from Drosophilø females (Lane 1), Nndníøs testes (Lane 2) and Rhodníus

ovarioles (Lane 3) were electrophoresed in 1.5Vo agarose formaldehyde RNA

denaturinggel, transferred to MSI nylon membrane, and hybridizedto Drosophílø

aøsø cDNA V1.3 probe. The hybridization was carried out at 59oC overnight in a

routine hybridization mixture. The washing was done once in 2X SSC,0.1Vo SDS,

at room temperature, for 20 minutes; once in 2X SSC,O.7Vo SDS, at 59oC, for 20

minutes; once in 2X SSC,0.1% SDS at 62"C, for 20 minutes. The autoradiographic

exposure time was 4 days.
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Figure 6

A. Southern blot hybridization using bicoíd cDNA p1128 as probe. 10 ug of DNAs

from DrosophíIø adults (Lane 3) and Rhodníus ovarioles (Lane l,Z) were

electrophoresed in 'l,Vo agarose gel, transferred to MSI nylon membrane,

hybridized to Drosophilø bícoíd cDNA p1,1.28 probe. The hybridization was done

routinely as indicated in the methods. The washing for Lane 1 was done routinely

as indicated in the methods. The washing stringency for Lane 2 and 3 was raised.

This was done twice in 2X SSC,0.Lvo SDS,at 58oc, for 20 minutes; once in 1X

ssC,0.7vo sDS, at 58oc, for 20 minutes; once in 0.5x ssc,0 Jl,% sDS, at 58oC , for

20 minutes; once in 0.25X ssc,0.1,% sDS, at 58oc , for 15 minutes. The

autoradiographic exposure time was 16 hours for Lane 1 and 24 hours for Lane

2 and 3.

B. Northern blot hybridization using bicoid cDNA p1.728 as probe. 10 ug of total

RNA from Drosophila females (Lane 1), Rhodnius testes (Lane 2) and Ntodnius

ovarioles (Lane 3) were electrophoresed in 7.5Vo agarose formaldehyde RNA

denaturin9 gel, transferred to MSI nylon membrane, hybridized to Drosophilø

bicoid cDNA p1'128 probe. The hybridization was carried out at 59oC in a routine

hybridization mixture overnight. The washing was done once in 2X SSC,0:1,%

SDS, at room temperature, for 20 minutes; once in 2X SSC,O.1,vo sDS, at 59oC, for

20 minutes; once in 2X SSC,}jl,% SDS,at 62"C,for 20 minutes; once in 1X SSC,0.lvo

SDS, at 62oC, for 20 minutes. The autoradiographic exposure time was 4 days.
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Figure 7

A. A schematic of the bicoíd cDNA p1128. Fragment A is 2sz bp in tength

containing a 90 bp long PRD-repeat. Fragment B is 211 bp in tength containing

a 180 bp long homeo box. Fragment C is262bp in length. Fragment D is - 1.7 Kb

in length containing M-repeat and rest of the bicoid coding region.

B. Charaterization of bicoid hybridization on Southern blots. The same Southern

blots as shown in figure 6 containing 10 ug of Rhodnius genomic DNA in lane

A,B,C and D was hybridized to fragment A, B, C and D resepectively. The

hybridization and washing was done routinely as indicated in the methods. The

same Southern blot containing Rhodnius genomic DNA was also hybridized to a

synthetic PRD-repeat probe (Lane E and F) at 53"C in routine hybridization

mixture overnight. The washing for Lane E was done once in 5X SSC,0.1Vo SDS,

at room temperature,for 20 minutes; twice in 2X SSC,0.1% SDS, at S5oC,for 20

minutes each. The washing for Lane F was done additionally once in 1X SSC,O.1,Vo

SDS, at 55oC, for 20 minutes; once in 0.5X SSC,O.'l.Vo SDS,at S5oC,for 20 minutes.

The autoradiographic exposure time was 24 hours.

C. Characterization of bícoid hybridization on Northern blot. The Rhodnius ovariole

RNA blot containing 20 ug of total RNA (lane A,B,C,D,and E) was hybridized to

fragment A,B,C,D and synthetic PRD-repeat probe respectively and washed at the

same condition indicated in figure 7 B. The same blot was also hybridized to

mouse B-actin cDNA to detect the integrity of the Rhodnius ovariole RNA (Lane

F). The autoradiographic exposure time was 24 hours.
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DISCUSSION

The Reliability of the Techniques

I have used cross-species Southern and Northern blot hybridization

techniques to study the homology between two insect species: Drosophilø

melønogastu (Diptera) and Rhodnius prolixus (Hemiptera) at the molecular level.

This is the first attempt to apply this approach to Rhodnius. The reliability of the

techniques used is an important consideration in the interpretation of the results.

The technique for isolating genomic DNA from Rhodníus ovarioles was

worked out in this re¡earch. The proteinase K was found to be very effective to

digest the ovariole proteins which were then efficiently separated from the nucleic

acids by using at least three phenol extractions. This yielded a ratio of ODrron-rr*n^

ranging from 1.8 - 2.0, the indicative of the purity of DNA, which was further

demonstrated by the results of the DNA check gels. The RNAase digestion step

was also indispensable for the successful isolation of DNA from the Rhodnius

ovarioles. Deletion of this step resulted in the presence of at least 8 - 9 times as

much RNA in sample as there was DNA. This made it impossible to calculate the

actual concentration of the DNA. This also indicated that the Rhodníus ovarioles

were extremely active in RNA synthesis.

Guanidinium thiocyanate - phenol-chloroform extraction was used to

isolate RNA. The chaotropic agent guanidinium thiocyanate, which is extremely

effective in denaturing proteins and inactivating RNAase, was first introduced by



Chirgwin et aI. ('1,979) to isolate biologically active RNA. This method was further

modified by Chomczynski and Sacchi (7987) in which phenol-chloroform

exfraction was used to remove proteins from RNA, replacing the tedious and

expensive ulffacentrifuge step, which made it possible to recover total RNA from

small quantities of tissues and also allowed the simultaneous processing of a large

number of samples. Therefore, this method was chosen to isolate RNA from

Rhodnius ovarioles and testis and Drosophila females. Pure and intact total RNA

was recovered from Rhodnius ovarioles at high yield as shown by the results of

the RNA check gel and integrity checking with the mouse p-actin cDNA.

Flowever, the Drosophilø female RNA isolated with this protocol often contains

protein as indicated by the ratio of ODruo.-rr**. Since mouse p-actin cDNA failed

to detect any signal fromRhodníus testts RNA, the negative results in the Khodnius

testis RNA lane on the Northern blots when probed withbícoíd cDNA p1128 and

ztøsø cDNA vl.3 are questionable.

Since the Southern and Northern blot hybridizations were the major

techniques used in this study, a thorough understanding of the parameters

influencing nucleic acid hybridization is essential for interpreting the results

especially for the cross-species hybridization dealing with different degree of

homology between DNA sequences. The hybridization occuring between probes

and its target may be estimated with the melting temperature T- which defined

as the temperature when half of the duplex molecules have dissociated into their

constituent single strands. T^ is affected by the monovalent cation concentration
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(M), the base composition expressed as mole fraction of G and C residues, the

length in the nucleotides of the shortest chain in the duplex (L), and the

concentration of helix-destablizing agents such as formamide. The following

equations of T^ are for the DNA-DNA and DNA-RNA duplexes, valid from pH

5 to 9 and for probes longer than 50 nucleotides (Wahl, et a1.,1987):

T-o*o-o*o = 81.5o + 76.6logM + 41 (mole fraction G + C)
-500 / L - 0.62(%formamide)

T^o*o-*o = 79.8" + 18.5 logM + 58.4 (mole fraction G + C)
-820 / L-0.5( % formamide)

From the above equation, the hybridization between probes and its target could

be enhanced by raising the monovalent cation concentration, lowering the

hybridization temperature, eliminating formamide, and vice versa. My

hybridizations were routinely carried out at 55oC and in solutions of 1 M Na*

without formamide, which maximized the rate of annealing of the probe with its

target. The washing was routinely done at raised temperature (ranging from 57oC

to 60'C) and decreasing the salt concenfration from 5X SSC (-0.8 M Na*) to 2X

SSC (-0.3 M Na*). This was considered as medium washing stringency. At this

stringency, the hybridization signal was interpreted to be due to specific binding

of the probes to its homologous sequences in Ntodníus. Also, each experiment was

repeated routinely two to three times with different batches of nucleic acids and

different blots in order to eliminate the possibility of artifact and confirm the

results.

58



Maternal Genes in Rftodziøs SEtem

As mentioned in the introduction, the nanos gene is specially involved in

the determination of abdominal formation in tli.e Drosophilø system (Lehmann and

Nusslein-Volhard, 1991), part of nanos gene is shared by another recently cloned

Xenopus maternal gene Xcat-2 (Mosquera et a1.,1993), which showed that nønos

gene was conserved to a certain degree in an evolutionarily higher system like

Xenopus. Under the experimental condition in this research, nønos signal was not

detectable inRhodnius genome. Whether or not it is present or the amount present

in my nucleic acid preparations is below the detection sensitivity of my methods

is unknown.

Bic-D is a maternal gene required for the differentiation of cystocytes into

oocyte in Drosophilø (Steward and Nusslein-Volhard, 7986; Suter and

Steward,l991).k encodes a coiled polypeptide with sequence similarity to the tail

domain of the myosin heavy chain, the microtubule motor kinesin and

intermediate filament proteins (Suter et a1.,1989; Wharton and Struhl,1989). The

Bíc-D cDNA was chosen as a probe with the expectation that in Rhodnius

ovarioles there may be genes similar to Bic-D to be involved in determination of

the differentiation of Rhodníus oocyte. As with nanos, under the experimental

conditions in this research, a Bic-D signal was not detectable in Rhodnius genome.

The Vøsø gene encodes a 660 amino acid protein which }:.as 29.7% amino

acid identity with murine eukaryotic initiation factor-4A (eIF-44) including the
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eIF-44 ATP-binding site (Lasko and Ashburner,1988). eIF-44, together with eIF-48

and eIF-4F, functions to recognize the mRNA cap structure and catalyse RNA

unwinding (see reference in Lasko and Ashburner,1.988). The aøsa protein is

thought to be an RNA binding protein that regulates the translation of localized

transcripts required for determination of posterior structures of Drosophilø embryo

(Hay,et ø1.,"1990). Eight aøsahybridization bands were found onRhodnil;s genomic

Southern blot and two weak bands were found on the Rhodníus RNA blot, one at

1.8 kb, the other at 0.3 kb. While a small band like 0.3 Kb from Rhodnius ovariole

RNA blot seems unusuall, the same blot was also probed with a mouse B-actin

cDNA and one tight hybridization band was obtained, indicating the RNA was

intact. The 0.3 Kb signal may be a specific splicing or endogenously degraded

product from the 1.8 kb RNA. Although the region within thre aasø cDNA V1.3

that is responsible for the hybridization was not studied in this research, the

result shows there are at least a certain amount of homologous sequence

conserved in Rhodníus and weakly expressed in the Rhodníus ovariole.

An important finding of my study is that bicoid cDNA p7728 hybridizes

strongly to two EcoRI fragments (sized 4.6 kb and 3.2 kb) of Rhodnius genomic

DNA and the homology of the 3.2 kb fragment to the p1128 is higher than that

of the 4.6 kb since the hybridization signal of the 4.6 fragment disappears when

the washing stringency is raised while the 3.2 kb signal remains.

Within thebicoíd cDNA there are also several identified DNA motifs which

are: L. PRD-repeat, a DNA sequence (60 -90 bp) which encodes repetitive histidine
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and proline (Frigerio, et a1.,1,986);2.bicoid class homeo box, a DNA sequence that

encodes a functional domain that binds to a specific DNA sequences and act as

a transcriptional factor (Treisman et ø1.,'1.992); 3.M-repeat, a DNA sequence

encoding repetitive glutamines (McGinnis et ø1.,798Ø). Further study showed that

only the 252 bp fragment A containing the PRD-repeat within the p1128 cDNA

was responsible for the hybridization to the two EcoR I fragments in the Rhodnius

genome. None of the other bicoíd coding regions, including bicoíd class homeo box

and M-repeat, hybridized to the Rhodnius DNA. Synthetic PRD-repeat probe

hybridizes to both of the two bands detected before. This strongly indicates that

the Drosophilø bícoíd PRD-repeat region is conserved in tlne Rhodnías genome but

most of the coding region of bicoid gene includingbicoid class homeo box and M-

repeat does not appear to be conserved in Rhodnius system or the level of

homology is very low.

Since two PRD-repeat hybridization bands were detected from tÌire Ntodnius

genomic Southern blot, two explanations may be possible: First, the two

fragments that hybridize to the synthetic PRD-repeat probe may be from two

independent genes in the Ntodnius genome, the 4.6 kb fragment contains a real

PRD-repeat while th 3.2 kb fragment contains a PRD-repeat homologous sequence

but with less homology to PRD-repeat than the one within t}:re 4.6 kb fragment,

so the 3.2 kb signal was washed out when the washing stringency was raised ;

second, there is only one gene that has PRD-repeat in Rhodnius genome but that

there is one EcoRI cutting site within the PRD-repeat resulting in the two
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hybridization bands detected by the PRD-repeat synthetic probe and also the

sequence within the 3.2 kb fragment is less homologous to the PRD-repeat than

the sequence within the 4.6 kb fragment.

Interestingly,bicoid cDNA p1128 sfrongly hybridizes to the 0.53 kb RNA

fragment and weakly to a 2.8 kb RNA fragment from thLe Rhodnrus ovariole RNA

blot. My further characterization showed that only t}lte252bp fragment A of bícoíd

cDNA containing PRD-repeat specifically hybridizes to the 0.53 kb Rhodnius RNA

fragment. This strongly indicates that the homologous sequence to the 252 bp

fragment A region of bicoid cDNA is not only conserved in the Rhodníus genome

but also expressed in Rhodnius ovariole system. Again, the RNA was intact as

checked by mouse þactin cDNA, the 0.53 kb fragment may also be a specific

splicing product from the 2.8 kb fragment or endogenously degraded product.

The positive results obtained here is from the total RNA from Rhodnius ovarioles

which also contain an abundance of ribosomal RNA, the 0.53 kb bicoid

homologous signal is not likely from the rRNA since the sizes of eukaryottc 26-

285, '1.6-1,85, 5.8S and 55 rRNA are 3.8-5.1. kb, 1.5-1.9 kb, -160 bp and 720 bp,

respectively. Even the transfer RNA is 70 -80 bp in length (Darnell et øL,1990).The

0.53 kb bicoid homologous signal was only detected when probed with the

fragment A of the bicoíd cDNA, so it is not either likely that the positive signal is

from non-specific RNA-DNA binding. Therefore, the positive signals from

Rhodnius RNA blots were interpreted to indicate the ovariole mRNA.

The synthetic PRD-repeat probe failed to hybridize to any RNA fragment
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on the Rhodnius ovariole RNA blot, especially to the 0.53 kb RNA fragment that

is detected by the fragment A containing the PRD-repeat. Combining the result

from Southern blot that the 3.2 Kb DNA fragment has higher homology than the

4.6kb DNA fragment when probed with the whole p11.28 cDNA,I interpreted the

results to suggest that besides the conserved PRD-repeat in Rhodniils genome,

there must be some sequence along with the PRD-repeat from the 252 bp bicoid

cDNA fragment A conserved in the Rhodnizs genome, probably within the 3.2 kb

Rhodnius EcoR[ DNA fragment, and expressed in the Rhodníus ovariole system,

and there may be only PRD-repeat conserved in the 4.6 kb EcoRI fragment.

Sequence of bicoid in Rhodnius System

Twelve genes in DrosophíIa have been found to contain the PRD-repeat.

These are often associated with homeo box, and/or the M-repeat (Frigerio, et

ø1.,1986). Among these genes, only two genes have had their biological roles

identified so far. One is bicoid, which is an indispensable and key gene in the

determination of anterior structures (St fohnson and Nusslein-Volhard,l992).The

other is the pair-rule gene paíred, which also contains pair-box and homeo box

(Frigerio, et al., 1986, Bopp, et al., 1986). Deletion of this gene will cause the

deletion of the embryo segments at a two-segment periodicity (Kilcherr,eú

ø1.,1986). Flowever, the exact function of PRD-repeat in these genes is still

unknown. No PRD-repeat has been found in any other organisms besides
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Drosophila until now.

This leads to the question, what is the significance of the finding that the

PRD-repeat is conserved in Rhodnius ? It has become increasingly clear in recent

years that proteins and their genes are further divided into functional domains.

In his exon shuffling theory, Gilbert proposed (7978,1986) that these functional

domains may be individually recombined and independently assorted to build a

new set of functional genes during evolution. The most striking example that

illustrates this theory is the gene that codes for the low-density lipoprotein

receptor (Sudhof et a1.,1985). This gene has L8 exons which are actualty a

combination of several functional groups of exons. Several exons have sequence

similarity to regions of epidermal growth factor or the blood clotting factors,

some other exons are homologous to a blood protein called complement factor 9.

Still other exons encode a signal sequence for the targeting of the receptor to the

endoplasmic reticulum membrane, a transmembrane domain for anchoring the

receptor in the membrane and a domain to which polysacchride side chains are

attached. It seems most likely that this mosaic of domains was assembled by

shuffling of exons from different transcription units.

This theory implies the existence of a network of gene sets in each

organism in which the genes only share one or several DNA regions that encode

special functional protein domain (Frigerio,et ø1.,1,986). For example,inDrosophíla

the homeo box is found to be shared by most Drosophila developmental genes

including bicoid andpøiredgene (Treisman et a1.,1,992;Scott,et ø1.,7989).M-repeat (or
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opa-repeat) was found within the genes of antennapedia and bithorax complexes

(McGinnis et a1.,7984) and also conserved in tlire bicoíd gene (Berlith eú ø1.,1988).

The PRD-repeat is conserved within 1,2 Drosophilø genes including bicoid and the

pair-rule gene paired (Berleth et a1.,1988; Frigerio et a1.,1986). The pair box, a DNA

sequence encoding a DNA-bind domain (Treisman et a1.,1991), was also found to

be shared by pair-rule gene paired, gooseberry, Pox meso,and Pox neuro (Bopp et

ø1.,1986,1989). Thus it is not surprising to find that both bicoid and pøired gene

contain homeo-box, and PRD-repeat sequences.

Another extension of this theory which could explain the existence of PRD-

repeat in Ntodníus genome is that genes from different species or even different

phyla may also share certain functional domains. The dramatic example is the

homeo box, an 180 bp DNA sequence encoding a homeo domain which is a DNA

binding domain, has been identified genetically to be shared by many genes from

Drosophilø, C.elegans, yeast, mouse and human (Scott et ø1.,7989). The zinc-finger

domains, a DNA binding domain encoded by three Drosophílø segmentation genes

hunchbøck,I?uppel and snøíl were found to be conserved within a variety of

arthropods and partly also other animal phyla such as Mollusca, Annelida and

Vertebrata (Sommer et ø1.,1992). The 3'untranslated region of bicoid mRNA from

Drosophila melønogaster that specifically directs the correct localization of bicoíd

mRNA is also shared by six distant Drosophila species in which all the shared

sequences can potentially form a large sterotypic secondary structure

(MacDonald,l990).
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My research has shown that the PRD-repeat is present in the Rhodnius

genome and possibly also part of a DNA sequence other than the PRD-repeat

from the fragment A of the bicoid p1128 is not only conserved in Rhodnius genome

but also expressed in Rhodnius ovariole. The significance of this discovery is two

fold: First, according to Gilberfs theory, the existence of a PRD-repeat in the

Rhodnius system suggests that the PRD-repeat is functionally important and

conserved as a functional domain during evolution. There may also be a gene set

in Rhodniils genome since two different hybridization bands were found on

Rhodnius genomic Southern blots; Secondly, part of DNA sequence other than

PRD-repeat in bicoid gene also appears to be conserved in the Rhodnias genome

and expressed in the Rhodníus ovariole. This also implies there may be another

unidentified DNA domain that is functionally important and shared by both

Rhodníus and Drosophilø, and the 0.53 Kb RNA presumedly represents a very

small protein in Rhodníus ovariole system.

The role of the PRD-repeat is not understood at molecular level. Flowever,

one clue that we have is the amino acid histidine which is encoded by the PRD-

repeat. Zinc-finger proteins, the first well-characterized eukaryotic positive acting

regulatory protein required for RNA polymerase III transcription of the SS-rRNA

genes (see Darnell,et a1.,7990), has nine repeated domains that contain cysteine

and histidines spaced at regular intervals forming finger-like loops. These

domains of the protein are specifically needed for DNA-binding. The histidines

within the domain, together with the cysteines, bind to zinc ions, which is
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required for the DNA-binding activity of the Zinc-finger proteins. The proline

encoded by PRD-repeat also has unique characteristics, in which the nitrogen

atom of the amino acid is incorporated into a ring, as a result, a proline residue

disrupts the usual organization of the backbone of a polypeptide, causing a sharp

transition in the direction of the chain (see Lewin,1990). All these characteristics

of the repetitive proline-histidine implies that PRD-repeat encodes a special

protein domain. Testing for expression of the PRD-repeat in Rhodníus ovarioles

using the synthetic oligonucleotides were negative, so the identification of tissue

specific expression of PRD-repeat in Rhodnius system would be very helpful to

understand the possible function of PRD-repeat.

Another open question to be answered is whether or not the bicoid

homologous sequence found in Rhodníus is expressed only in the ovariole germ

cells or also in the surrounding somatic cells, because the isolated Rhodnius

ovariole RNA is from maternal nurse cell-oocyte as well as somatical follicle cells

which is also active in RNA synthesis (Vanderberg,l963). In situ hybridization

would indicate where t}:.e bícoid homologous sequence is expressed in Rhodnius

ovarioles. If it is expressed in nurse cells, it may be related to a maternal gene

that plays a role in development and it would be worthwhile to clone the gene

and explore how it is translocalized into the oocytes, the mechanisms involved

and its possible functions. If it is expressed in the follicle cells, then it would be

of interest to determine the spatial and temporal expression of the gene, because

the follicle cells are not homogenous but to have different subpopulations
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(Huebner, 19U). Attempts to do in situ localization thus far have been

inconclusive. Positive labelling of ovariole sections have shown expression in all

the tissue of germ cell and somatic cell origin. Controls have not been

unequivocal. Efforts to resolve this are underway and continuing. Also, the

research in Drosophilø shows that the gene expression in the follicle cells are

spatially and temporally restricted and affects the polarity of the whole embryo

(St. ]ohnston and Nusslein-Volhard,1992). It would be interesting if the bicoid

homologous sequence is expressed in Rhodniu.s ovariole follicle cells.

Overall, aøsa and bicoid homologous sequences were detected in the

Rhodnius genome and ovariole RNA. The subregion in thebícoid cDNA p1128 that

is responsible for the hybridization was analysed and only the 252bp fragment

of the p7128 hybridized to the Rhodnius DNA and ovariote RNA. The PRD-repeat

was found to be conserved in the Rhodnius genome, suggesting that PRD-repeat

is a functionally important DNA motif.
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