mMitoosi meioosi fertilisaatio

replikaatio rekombinaatio
repair repair

'\ '\ / mendelistinen genetiikka ,

DNA-huusholli

Geenien toiminta

molekyyligenetiikka

@ @@ ~ 7| kehitysgenetiikka

@ iy
— €®. .~ | Koskee kaikkia
DNA RNA proterinit ioluisi
transkriptio prosessointi translaatio — monisoluisia
regulaatio

Genetiikan perusteiden miellekartta



Miten geenitoiminnasta syntyy
pateva monisoluisen organismin
yKsIl0?



Kasvien ja elainten erot
Solutasolla pienid, monisoluisuustasolla jarkyttavan suuria
Meyerovitz 1997, Genetics 145: 5-9

Solufunktiot yhteisia:

DNA-asiat, replikaatio, transkriptio, ribosomit/ translaatio,
chaperonit,

ATP-synteesi,

glykolyysi,

aminohapposynteesi,

aktiini/tubuliini, Kinesiinit, keratiinit,

ubiquitin,

calmodulin,

steroidihormonit

Mitoosi, meioosi, kromosomit: oleellisesti samoja

Jako “’kasveihin” ja ’elaimiin’ on hiukan maalaismainen



unicellular ancestor
of animals

mitochondrion

nucleus DIVERGENCE
OF ANIMAL

AND PLANT
LINEAGES /

ACQUISITION OF
MULTICELLULARITY

eucaryotic
common ‘
ancestor cell

”"i"e”“'a’f | ACQUISITION OF
ancestorof plants  ESHIGRBRIESTEN o1(croplast

600 Myr



Uusi ja tarkea katsaus:

Rokas (2008) The origins of multicellularity and the early
history of the genetic toolkit for animal development

Ann. Rev. Genetics 42: 235-51

doi:
10.1146/annurev.genet.42.110807.091513

Kopiol tasta ja googleta.
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Fig. 1. A consensus phylogeny of eukaryotes. The vast majority of charac-
terized eukaryotes, with the notable exception of major subgroups of
amoebae, can now be assigned to one of eight major groups. Opisthokonts
(basal flagellum) have a single basal flagellum on reproductive cells and flat
mitochondrial cristae (most eukaryotes have tubular ones). Eukaryotic pho-
tosynthesis originated in Plants; theirs are the only plastids with just two
outer membranes. Heterokonts (different flagellae) have a unique flagellum
decorated with hollow tripartite hairs (stramenopiles) and, usually, a second
plain one. Cercozoans are amoebae with filose pseudopodia, often living
within tests (hard outer shells), some very elaborate (foraminiferans). Amoe-

www.sciencemag.org SCIENCE VOL 300

bozoa are mostly naked amoebae (lacking tests), often with lobose pseu-
dopodia for at least part of their life cycle. Alveolates have systems of
cortical alveoli directly beneath their plasma membranes. Discicristates have
discoid mitochondrial cristae and, in some cases, a deep (excavated) ventral
feeding groove. Amitochondrial excavates lack substantial molecular phylo-
genetic support, but most have an excavated ventral feeding groove, and all
lack mitochondria. The tree shown is based on a consensus of molecular
(7—4) and ultrastructural (76, 77) data and includes a rough indication of new
ciPCR "taxa” (broken black lines) (7-77). An asterisk preceding the taxon
name indicates probable paraphyletic group.

13 JUNE 2003 1
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Nama kaikki ovat sienia




Dictyostelium discoideum
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2 mm

Figure 14-58 Light micrographs of Dictvostelium discoideum
showing various stages in fruiting-body formation. (Courtesy of
John Bonner.)

future

future foot-  Stalk cells

plate cells

future
spore cells

7~ 7\ fruiting
\_f| / body

foot plate

Figure 14-59 Cell migrations involved
in the formation of a fruiting body in
Dictyostelium discoideum. Cells in the
front of the slug migrate down to
become the stalk, while cells in the
middle migrate up and differentiate into
the collection of spores that forms the
fruiting body.



ROLAND THAXTER’s Legacy and the Origins of Multicellular Development

Dale Kaiser

Departments of Biochemistry and of Developmental Biology, Stanford University, Stanford, California 94305

OLAND THAXTER published a bombshell in
December, 1892. He reported that Chondro-
myces crocatus, before then considered an imperfect
fungus because of its complex fruiting body, was ac-
tually a bacterium (Figure 1). THAXTER had discov-
ered the unicellular vegetative stage of C. crocatus; the
cells he found were relatively short and they divided
by binary fission. C. crocatus was, he concluded, a
“communal bacterium.” THAXTER described the lo-
comotion, swarming, aggregation and process of fruit-
ing body formation of C. crocatus and its relatives,
which are collectively called myxobacteria, with an
accuracy that has survived 100 years of scrutiny. He
recognized the behavioral similarity to the myxomy-
cetes and the cellular slime molds, drawing attention
in all three to the transition from single cells to an
integrated multicellular state. He described the be-
havior of myxobacteria in fructification in terms of a
“course of development” because it was “a definitely
recurring aggregation of individuals capable of con-
certed action toward a definite end” (THAXTER 1892).
This essay will emphasize some implications of THAX-
TER's demonstrations, often apparently unrecognized.
The striking similarities to cellular slime mold de-
velopment probably led JoHN TYLER BONNER and
KENNETH B. RAPER, 50 years after THAXTER's discov-
ery, to take independent forays into myxobacterial
development. RAPER, an eminent mycologist, had in
fact discovered Dictyostelium discoidium, recognizing it
as a superb subject for the study of morphogenesis,
cellular differentiation and intercellular communica-
tion. BONNER was fascinated by morphogenesis and
sought unifying principles behind the bewildering di-
versity (BONNER 1952, 1974). Both RAPER and BON-
NER seemed to be intrigued by the unusual example
of morphogenetic movements exhibited by the myxo-
bacteria as they formed fruiting bodies. RAPER saw
“examples of interdependent cellular behavior that
involve purposeful orientation, morphogenetic move-

Genetics 135: 249-254 (October, 1993)

Hans REICHENBACH, GBF, Braunschweig.

ments, intercellular integration and finally coordi-
nated differentiation that are in some ways compa-
rable to higher forms” (QUINLAN and RAPER 1965).
Both BONNER and RAPER sought the factors in C.
crocatus that coordinated and guided the morphoge-
netic cell movements, noting that individual myxobac-
terial swarm cells retained their physical individuality
throughout the process of cooperative morphogene-
sis, and in that respect differed from the myxomycetes
but resembled the cellular slime molds.

Tama otus on bakteerien
aggregaatio, joka muistuttaa hyvin
paljon limasienid tassa
monisoluisuusasiassa. Itsenéiset
solut rydémivét yhteen ja
muodostavat aggregaatin
nalkiintyessaan

Kuuluu purple-bakteerien ryhméén

Tatd ryhmaa epéilladén
tumallistenkin esiaidiksi

Bakteerien monisoluisia
systeemeitd kylla on enemmankin,
mutta niissa on yleensa vain noin 3
erilaistunutta solutyyppia (Rokas
2008).



Kasvien ja elainten erot

Meyerovitz 1997, Genetics 145: 5-9

Kokonaisuuden saately taysin erilainen

Elaimet Kasvit

tyroidihormoni gibberelliinit

neuronit eli hermosto etyleeni

lihassolut litkkuminen mesofylli, ilmaraot, ksyleemi

KLOROPLASTIT, tietenkin

T&ssé el ole tilaa/ aikaa/ tietoa, mutta muut monisoluisten ryhmaét kuten sienet
ja ruskolevat totetuttavat yhteytensa eri tavalla



Kehityksen saatelyn geneettinen pohja

Elaimet Kasvit
MADS-boksi  seerumivaste? homeoottiset selektorit
lihassolun erilaist.? /
HOMEOBOX homeoottiset selektorit yl. mitogeenista aktivointia
Solujen inter-  tyrosiinikinaasiperhe etyleenireseptorit
aktiot ser-threo-kinaasit
soluseina!!!

extracellular matrix!!!

Y mparisto rhodopsiini fytokromit (punainen)
Kryptokromit UUTUUS Kryptokromit (sininen)

paivanpituus/ rytmiasiat/



Table 22-2 Some Major Families of Gene Regulatory Proteins in Arabidopsis, Drosophila, C. elegans, and the Yeast
Saccharomyces cerevisiae

Myb 190 6 3 10
AP2/EREBP (Apetala2/ethylene-responsive- 144 0 0 0
element binding protein)
bHLH (basic helix-loop-helix) 139 46 25 8
NAC 109 0 0 0
C2H2 (Zn finger) 105 291 139 53
Homeobox 89 103 84 9
MADS box 82 2 2 4
bZIP 81 21 25 21
WRKY (Zn finger) 72 0 0 0
GARP 56 0 0 0
C2C2 (Zn finger)/GATA 104 6 9 10
Nuclear hormone receptor 0 21 25 0
C6 (Zn finger) 0 0 0 52
Estimated total (including many not listed 1533 635 669 209
above)
% of genes in genome 5.9 4.5 3.5 3.5

The Table lists only those families that have at least 50 members in at least one organism. (Data from J.L. Riechmann et al., Science
290:2105-2110, 2000. With permission from AAAS.)

Table 22-2 Molecular Biology of the Cell 5/e (© Garland Science 2008)




Kasvien perusratkaisu on modulaarinen:

Samaa rakennetta toistamalla (pienin
muunnoksin) saadaan aikaan monenlaisia
ratkaisuja

Avoin kasvu: samaa voldaan toistaa yha
uudelleen (el aina, mutta usein)

Yksilollisyys hetkommin tlmaistua (miksi
kuitenkin puun oksat tulevat toimeen
keskenaan?)



Kasvin kehitys noudattaa vakiintunutta perusmallia: varsi-lehti-silmu
Arkkitehtuuri (topologia) saadaan aikaan yksikertaisin muunnelmin
Kukinta-ajan saately (esim. aikaisin/ my6haan/ talven jalkeen)
Kukintoverso usein eroaa suuresti vegetatiivisesta

Meristeemin (kasvupisteen) luonne (kukka / verso)

Kukkalehden luonne (verho/ terd/ hede/ emi)

MyoOhéiset geenit (heteen ja emin detaljit, meioosit ym.)



periclinal division anticlinal divisiol
(increases in girth and surface area)
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transverse division long axis of
(increase in length) plant organ
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(A) (B) (C) (D)

Figure 22-119 Molecular Biology of the Cell 5/e (© Garland Science 2008)

qalll®

etyleeni gibberelliinihappo

Kasvin kehityksen keinot: solun jakautuminen ja sen venyminen



Kasvien kasvunsaatelijat (’kasvihormonit’

@CHZ&OH
H H
OH N % 7

CH; COOH CH, |-|| il e
gibberellic acid (GA3) [a gibberellin] indole-3-acetic acid (IAA) [an auxin] ethylene
CH,
| CH; CH, Gk
CH C
HO TR 25 N OH CH
N c CH, OH OH 3
COOH
P o CH, CH;
N _ 4
> abscisic acid (ABA)
H
H (o]

zeatin [a cytokinin]
HO

brassinolide [a brassinosteroid]

Figure 22-117 Molecular Biology of the Cell 5/e (© Garland Science 2008)
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Figure 22-122 Molecular Biology of the Cell 5/e (© Garland Science 2008)

tippa auksiinia on laukaissut kukintasiimun

Auksiini ja sen transportti ovat keskeisia kasvipisteen rakenteen saatgjia



Kasvi-embryon ensimmainen kohtalonratkaisu:

juuri ja verso



Box 1 Embryonic origin of primary meristems

Shoot
meristem | CLV3

Cotyledon (stem cells)

seed leaf) ( )

WUS (OC)

Hypncutyl
(embryonic
stem)

1WA Stem cells
Apical . Pro-embryo "{ T = T
S f §y/4 Root ac

AR

Root \ Stem cells

Suspensor
Basal meristem
cell
1-cell embryo | 16-cellembryo | Heart stage | Heg ula’[c:r*;,:r cu’cuﬁ:s

Nature 14 Feb 2002
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globular

embryo cotyledon

shoot

suspensor . .
primordium

root
primordium

(A) L1 (B) N
20 pm 50 pm

Figure 22-114 Molecular Biology of the Cell 5/e (© Garland Science 2008)



shoot apical

meristem catyladan

. (Seed Ieaf) vascular cylinder
(hldden) conta:ninglde?reloping
xylem and phloem

ZONE OF CELL
DIFFERENTIATION
root hairs &
cortex
— epidermis
ZONE OF CELL
ELONGATION
ZONE OF CELL ical
DIVISION apica
meristem
root cap
(A) (B) 100 pm

Figure 22-118 Molecular Biology of the Cell 5/e (© Garland Science 2008)

L |

root apical meristem 1 mm
Figure 22-116 Molecular Biology of the Cell 5/e (© Garland Science 2008)



mutagenized seedling mutant sector

self-fertilization of seed pods from:
seed

of cells in T
e i individual flowers mutant sector nonmutant sector
produces F, . 11

m : 5 generation seeds

seeds grow into F, generation seedlings

l i
sy i
T T

25% m/m 50% m/+ 25% +/+ 100% +/+

Figure 22-113 Molecular Biology of the Cell 5/e (© Garland Science 2008)

Kuinka mutantteja indusoidaan ja tuotetaan Arabidopsis-kasvilla



suspensori




Eraat lituruohot
ovatkin hobbitteja

Arvovaltaisen
tiedelehden kansi
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Figure 22-115 Molecular Biology of the Cell 5/e (© Garland Science 2008)

Sirkkataimen ongelmia, eli indusoituja mutantteja, joista sitten
pitaa selvittaa, mika geeni on vialla. Kuva on varhainen, vuodelta
1991, ja julkaistu Naturessa, koska kasvien kehitysbiologia

nykyajassa alkoi vasta silloin. _



Verson kehitys noudattaa vakiintunutta perusmallia: varsi-lehti-silmu
Arkkitehtuuri (topologia) saadaan aikaan yksikertaisin muunnelmin
Kukinta-ajan saately (esim. aikaisin/ my6haan/ talven jalkeen)
Kukintoverso usein eroaa suuresti vegetatiivisesta

Meristeemin (kasvupisteen) luonne (kukka / verso)

Kukkalehden luonne (verho/ terd/ hede/ emi)

MyoOhéiset geenit (heteen ja emin detaljit, meioosit ym.)



V2 apical meristem

r axillary bud

internode
(stem)

g JUUIEN MERISTEE

node

Figure 22-111 Molecular Biology of the Cell 5/e (© Garland Science 2008)
_ l




sty Apikaalimeristeemi
\ eli kérkikasvupiste

{ - Kierteinen kasvutapa
e - solut jakautuvat

(A) epasymmetriseen
kohtaloon: toiset jatkaa
meristeemind ja toiset

5 jaa sivuun, lehdiksi.
| - kolme geenia:
signaali (CL1),
- reseptori (CL3) ja
primordium transkription saatelija
shoot aplcal meristem Clavata3 i
ep.derm.s (Homeodomain-

/_\' luokka
“; b\ B Cl. ﬁ p )

Clavata1 Wuschel _
(A)

Figure 22-123 Molecular Biology of the Cell 5/e (© Garland Science 2008)
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Figure 22-122 Molecular Biology of the Cell 5/e (© Garland Science 2008)

tippa auksiinia on laukaissut kukintasiimun

Auksiini ja sen transportti ovat keskeisia kasvipisteen rakenteen saatgjia



shoot apical meristem

bud primordia leaf base

Figure 22-124 Molecular Biology of the Cell 5/e (© Garland Science 2008)

Apikaalidominanssi

Karkisilmun (apikaalimeristeemin)
pitaa

- tietad olevansa karkisiimu
- lahettaa vastaava viesti

- viestin pitda kulkea alaspain

- lehtihangan silmun pitaa ymmartaa
ja tulkita viesti

- jos latva katkeaa, jonkun alemmista
oksista/silmuista pitaa ottaa komento




Kasvin kehitys noudattaa vakiintunutta perusmallia: varsi-lehti-silmu
Arkkitehtuuri (topologia) saadaan aikaan yksikertaisin muunnelmin
Kukinta-ajan saately (esim. aikaisin/ my6haan/ talven jalkeen)
Kukintoverso usein eroaa suuresti vegetatiivisesta

Meristeemin (kasvupisteen) luonne (kukka / verso)

Kukkalehden luonne (verho/ terd/ hede/ emi)

MyoOhéiset geenit (heteen ja emin detaljit, meioosit ym.)
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Edellisen puun kloonipoikanen: ei tule runkoa tallek&an, kaikki
oksat pysyy oksina.

Mutaatio on jossakin kohdassa viestiketjua: apikaalidominanssin
puute on monimutkainen asia.



teosinte normal maize Tb1-defective

(B) mutant of maize
Figure 22-125 Molecular Biology of the Cell 5/e (© Garland Science 2008)

Teosintti on maissin villi
kantamuoto, josta
muutaman mutaation takia
tuli morfologialtaan aivan
toisenlainen kasvi:

ARKKITEHTUURI
TOPOLOGIA

tb1l mutaatio palauttaa
primitiivisen
haarautumismuodon




Arabidopsis thaliana

V.Vl LG Koko sekvenssi julkaistiin
L ENELERS 14.12.2000

genome

118.7 Mb (Megabasea)
26 000 geenid

duplikaatiot 180 ja 112 Myr

BSE in Franco
Infected beefin the food chain? - #8
Flusd .'.éjlr:'l-.ﬂﬂh:'.-:

Coral bleaching
Shielded by the glow



http://www.arabidopsis.org/agi.html

Cell growth, cell division
a — and DNA synthesis

Transcription | Ir
Metabolism Cell rescue, defence,

cell death, ageing

_— Cellular
communciation/
signal transduction

Protein destination

~~Intracellular transport
Unclassified

Y

Y . .
— Cellular biogenesis

| | Transport facilitation

| ll I' Energy
[
| Protein synthesis

L lonic homeostasis

Lituruohon geenien toimialoja



Kaksi riisilajiketta
sekvensoitiin heti
peraan

Kaupallista ja
humanitaarista
merkitysta



Unclassified

: Cell Communication/Signal Transduction
Transcription & DNA Replication -

Cell Growth / Maintenance
Protein Synthesis

Defense, Aging, Death

Developmental Process

nergy

Membrane Transport

Metabolism

Fig. 1. Rice gene prediction classifications. HMLgenes®°® were classified with Interpro and GO
software (27-29); the categories generated are shown.

Huomaamme, etta luokittelemattomien geenien osuus on
kaventunut merkittavasti parissa vuodessa
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Figure 1 Expressed genes, expression dynamics and marker genes. (a) Comparison of detected genes in three different expression studies. AtGenExpress,
this study; Birnbaum et al., another study using Affymetrix ATH1 arrays and sorted root cells3: Yamada et al., a study using whole genome tiling arrays.
(b) Histograms of relative expression levels (Z scores) show tissue-specific expression dynamics. (c) Heat map of tissue-specific marker genes. Yellow
indicates low expression; red, high expression. Top, condition tree; left, gene tree.

Nature Genetics May 2005

Schmid et al. (2005) A gene expression map of Arabidopsis thaliana development



