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1- Carrageenan oligosaccharides
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1- Sequence alignment

2- Motif

3- Protein-Protein Interaction
4- Functional genomics
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1- Expressed sequence tag
2- Microarray
3- Spot



EST) Jloca 2 oddbe slo Jlgs —$-)

sloalusn YL 0" bl oL Jlg awgar a5 aiwn CDNA o6sS slo Iy LEST

5 Wgd oo Jol> oL Jlgv sl oy, sl eolatul b aS Slakad o> Jab .aigd o olwl CDNA

JoSo 00 (g5lwdilucons DNA Slelad ) aSul @ 498 b sl 0592lS'ed B B Ve v sg0>

Olaad -l Olasin cudls oads ol slays 5l cion oles oo |y LEST 1 e MRNA

dgd oo i SMbl gl SSL ;0 MRNA  usSee oo L CODNA/MRNA - Jlg lgicas
AYAY (obblb opw g Lippals)

o Lo a5 05 lolid Jued canms Slie EST (sl s Julowisty 0

355 a5 5y Sl oy rizat 3 (SNPS) a5pilS 5SS sla iy Lol
Cowl Sow EST Jlg5 el (g )by (5 wio3ls EST (sl Jlgv ulaol 50 Jbd slays ais
S la g st 55l el ymad a5 5 (550 oy sl olab sl
EST slaosls degoammo oy 35,5 . digd asrine Judoigds j20 51 L8 ol a5 ol ool oolaul

AOYAY (olblb o g Loepals) o)ls )18 (NCBI) IS ol (6585585 g0 ledbol Lo 35 10 j0









o] anslio 5 28 p 5 gyl Slope Sledlbl GGl (3yme 4 lal Jad cpl )o
5 okl 5o b Slepd Sllllhas o lacuedl e T g0 4 e 5 K00SS L

Ll melgm lalS jo eald pll Slope Sldllas 5l (S0 » s90
olpe slagys -)-¥

56T el o ool by 0 Shoe (i lp i 08 Il lape lag)s 5L
Wl oplive Gl 68 Lo Slaisjee 05 b plapyy 4 &S wasee Gl Sl nl @ Sloee
Sledlbl cplplo g Bgd o Glo Sialos g0t cdél las o ) slo s 10 L3 slays
S 2lags QN e 5 Gual) wiloo sy Gloanlp otd ly golS ool Slaes
Sledlbl anil asls 185 T cwyp 3590 (F sy ol 0 ol (e iyl oYL Slope
SlagtaSan 5 05 Olo pelad (o 35 T B aile (el slaty, 53 bags (Sloes
(Ve VogSazml 5 2logd) 99,000 ) 0 (PP (259 5 -9
al,l5, el Arabidopsis thaliana sl |, sob; oledll AtGenExpress .S
NASC Array GEO wiils alisee Sledlbl clacSil .ol 03,8 atgs ATHL (oS eyl
Slope BT aies o )8 sges wyws o |, lays wledlbl Genevestigator 4 Array Express
odd jlos g aald Lulpd 50 05 ol zobw o1 50 &S, l)T5 ) wliolesl 51 saliel (i wilgs
U1 55 0w L3 ey Syse |y wiload Laseie by ol pabie Slss 5 wiloads g o3Il
B oS oo L8 oolatul 050 calitee Sliole;l 5l oanl caws 4 slayy lo s uSejlal ( Slope
Sial3l & (s Sgazme slras alie (Lo slagSll a5 psghe (nl @ 050 wald 5 slel 08
aliee sl jloss pul )0 Lo (2ol b (il 8l & jgod il oo Hled SO o Gl el b

03 ole Lol o o5 (plaaisel &8 col (nl s slags BT S0 ppe anir Wisd aseie

1- Co-expression genes
2- Query gene
3- Gene targeting
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1- Eukaryotic initiation factor 2B

2- Guanine nucleotide exchange factor

3- Haem-regulated inhibitor of translation
4- Metallothionein
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1- Clathrin adaptor complex small chain family protein
2- Clathrin vesicle coat
3- Polyphosphoinositides
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B> g i Sldlas .aib oo [(CIA)ACG(T/C)G(T/CIG)] G-box atwa Jlg (s5l> 00,
ABRE 55> slaiys o,Sles glp G-DOX ax 51 a5 sas o lis ABRE (g5l> slo 5909, o
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2- Primary/early auxin response genes
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Sids 58 ST IMEIA (o il Jute 5 sl Sigemslz) lacliganl 09 oo <l (sladgs
5 2LS Glop3d lagutiyy Gl WG Siailex lee « S p LRl aile Syl
cel MeJA o)ls ol o Sliomis Bl lglyd slo iy casS oS slo MRNA  jil38l
Odan 3l S slaeSsn g bieSend P12 5lssy caniS e aiile olam T Ly Wl
YoV Lae g peolpl) ail o o bl sled gBo ol o a4 04 0
5,8 a8 (proteinase inhibitor 1) pin2 sl )5 ;o Slgewl> Wl Jgiuwe T/G-DOX adiso
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s s 5 o 5| w52 GCCGCC Iy b GCC-DOX (aphais Crall s
PRA 4 Thi2.l PDFL2 aile pigl 4 eaimogealy slons s igagn 4ol o oasarslis
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1- Gibbrellic acid responsive element
2- CAACTC regulatory element
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proteins (e.g. Glutathione S-transferase, Bax inhibitor-1, Alcohol dehydrogenase 1 and
Catalase 1), Ras-related protein RIC2, Calmodulin, EF-hand, Arabinogalactan protein,
Myb, GRIM-19, SNARE-like, Vesicle transport v-SNARE, Fatty acid desaturase 2,
Glutaredoxin-like, etc. Moreover, many snared Co-expressed genes were identified
between Arabidopsis and Rice among which are; aspartic proteinase, RNA-binding
RNP-1, enoyl-CoA hydratase/isomerase family, aldehyde dehydrogenase, ATP citrate
lyase A-3, cysteine proteinase, Cytochrome P450, serine/threonine protein kinase
WNK, Galactose oxidase superfamily protein, alpha/beta hydrolase superfamily protein,
leucine rich-repeat family protein (LRR), calmodulin-domain protein Kkinase,
Lactate/malate dehydrogenase family protein, oxoglutarate/Iron-dependent oxygenase,
20S proteasome alpha and beta, 26S proteasome, Isopentenyl-diphosphat isomerase,
SNARE-like superfamily protein, Bax inhibitor-1 (BI-1), Tetratricopeptide-like
superfamily protein (TPR), EF-Hand, FtsH protease, Clp protease proteolytic subunit,
Monodehydroascorbate reductase, Chaperone protein dnaJ, glutathione S-transferase, S-
adenosyl-L-methionine:carboxyl methyltransferase superfamily protein, zinc finger,
octicosapeptide/Phox/Bem1p family protein, sucrose nonfermenting 1 (SNF1)-related
protein kinase, F-box and serine/threonine kinase PBS1 protein. Our results indicated
that most co-expressed genes identified in Arabidopsis and rice are high likelihood
candidates for functional characterization in relation to in vitro androgenesis induction

in monocot and dicot plants.

Keywords: Androgenesis, Arabidopsis, ATTED-II, Cis-acting regulatory elements,
Genevestigator, Co-expressed genes, Mannitol, Microspore embryogenesis, Motif,
Motif Sampler, PLACE, Rice, RiceFREND, Stress






Abstract

Owing to the haploid nature of pollen cells, microspore embryogenesis
(androgenesis) is a valuable tool to generate double haploids for breeding purposes.
Microspore embryogenesis is based on the switch of microspores from their normal
pollen development towards an embryogenic pathway, which can be induced by
different stress treatments. Efficient androgenesis in plants is induced by a combination
of starvation and osmotic stress, which is achieved via a mannitol treatment of anthers
containing microspores at the mid-late to late uninucleate stage, just prior to the first
pollen mitosis. At the molecular level, the induction of several genes marks the
reprogramming of microspore toward the androgenic pathway. The basic assumption is
that a cluster of co-expressed genes is regulated by the same transcription factors and
the genes of a given cluster share common regulatory motifs. Accordingly, we
hypothesized that genes indirectly connected with query genes may be share common
regulatory motifs. In this study, gene co-expression networks in Arabidopsis and rice
was constructed using ATTED-1I and RiceFREND databases, respectively and
thereafter 1000 bp upstream of coding Region these genes in Arabidopsis and rice as
promoter are chosen from TAIR and RAP-DB databases, respectively. To ensure the
expression of these genes in the embryo, their expression patterns was evaluated using
microarrays data present in Genevestigator software. The shared cis-acting regulatory
elements were predicted by scanning 1000 bp upstream region of co-expressed genes,
using the motif sampler software and PLACE database. The results obtained from the
Genevestigator software indicated that all of these genes are expressed during
embryogenesis. Several cis-acting regulatory elements that are associated with response
to light, biotic and abiotic stresses, plant development and gene expression were
identified among which are; -10 promoter element, G-box, GT-1, I-box, Box A,
AuxRE, JARE, ERE, GCC-box, EIRE, ABRE, MYC, MYB, CRT/DRE, GARE, P-box,
PRE, Q-element, ARE, SEF3, PolyA signal, A-box, C-box, T-box, S1F box, RY repeat,
BS1, REalpha, REbeta, TATA box, etc. This result reveals the probable cis-acting
regulatory elements that possibly are involved in the expression and regulation of co-
expressed genes in Arabidopsis and rice during mannitol treatment and the
reprogramming of microspore toward the androgenic pathway. Many genes were
identified in our study among which are; Proteolytic genes (e.g. 20S proteasome, 26S

proteasome, FtsH metalloprotease, Cysteine protease, Aspartic protease), stress-related
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