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Outline

1. Gene co-expression networks reveal links between the circadian clock and
isoprenoid biosynthesis

2. The GGPPS gene family at the branch point in the isoprenoid pathway
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The circadian clock
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' The circadian clock in plants
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Part1: Linking the circadian clock to
specialized metabolism
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Geranylgeranyl diphosphatePP

The circadian clock and the MVA- and MEP

pathways (isoprenoids)
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Biological Networks
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Gene Co-expression Networks (GCN)
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Modular GCN of the circadian clock genes and
isoprenoid pathway genes encoding enzymes
SwissFederalIqﬁiﬁjt"@ofTechnologyZurich Iocalized in plastids

Eidgendssische Te hni

J core circadian clock gene

» circadian clock gene

_ MEP pathway gene (plastid)

+ igoprenoid pathway gene (plastid)
—— positive correlation (prpg= 0.05)

Vranova, Coman and Gruissem, 2012

26.02.14 ETH Zurich Plant Biotechnology | dcoman@ethz.ch



Organ specific GCN of the circadian clock genes

- : and MVA- and MEP pathway genes
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: GCN, transcript &

protein trends
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Integrating additional levels: GCN, transcript &

protein trends
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"= The gene co-expression networks revealed the MVA and MEP pathway
genes , which might link the circadian clock to the outputs

= The GCN identified a possible modular and organ specific regulation
between the circadian clock and isoprenoids at transcript level

* Met
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Part 2: The GGPPS branch point in the

isoprenoid pathway

12 predicted GGPPS in A. thaliana:

why? redundant or not? Multiple GGPPS gene paralogs exist in plants

tca Vi Osaos%igldica

cpa 7 e aly Arabidopsis lyrata (10 genes)

ath Arabidopsis thaliana (12 genes)
bdi Brachypodium distachyon (3 genes)
cpa Carica papaya (4 genes)

ath cre Chlamydomonas reinhardtii (1 gene)
fve Fragaria vesca (6 genes)
ama Glycine max (8 genes)

ptr lia Lotus japonicus (11 genes)

mdo Malus domestica (10 genes)
mes Manihot esculenta (6 genes)

mrcc299  Micromonas sp. RCC299 (1 gene)

mtr Medicago truncatula (4 genes)
olu Ostreococcus lucimarinus (1 gene)
0sa Oryza sativa ssp. japonica (4 genes)

osaindica Oryza sativa ssp. indica (4 genes)

ota Ostreococcus tauri (1 gene)
GGPPS1 GGPPS12 ppa Physcomitrella patens (2 genes)

pir Populus trichocarpa (8 genes)

rco Ricinus communis (4 genes)

shi Sorghum bicolor (2 genes)

sSmo Selaginelia moellendorffii (5 genes)
S S S tca Theobroma cacao (6 genes)
Geranylgeranyl diphosphate - vca Volvox carteri (1 gene)

wi Vitis vinifera (3 genes)

ma Zea mays (5 genes)

http://bicinformatics.psb.ugent.be/plaza/gene_families/view/HOMO00909
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Increase of plant functional complexity, more
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+ P34802 GGFPFS11_Arabidopsis thaliana

0,

— OAZUTT GGPPSZ_Arabidopsis thaliana
—

DaLJY2_GGPPSE_Arabidopsis thaliana

lw % (RN _GEEPPE_Arabidopsis thaliana

- 204045 GEFPS4 Arabidopsis thaliana
T - R

sk

—» 095LG2 GGPPS3 Arabldopsls thallana

QALIAD GGPPSS_Arabidopsis thaliana
-

QBLHRA GEPPS1D_ Arabidopsis thaliana
I QELRRO_GGPPSS_Arabidopsls thallana

e =

i, + COLUE1_GGPPS6_Arabidopsis thaliana
QELLCS_GGPPST_Arabidopsis thaliana
[48]

e B1ASLD_Picea abies

ph-ssul |l

QBET33_Cryza saliva ssp. japenica

al AZXEAT Oryza sativa ssp. incica
- AJASYS Oryza saliva ssp. japanica
OBVEUD Malus domestica
ATPIIT Wilis vinilara
-.-AﬁBEVQ_Vitia vinifera

. T Q39108 GEPPS12 Arabidopsis thaliana
" —Ls . rBBHRI8 Populus trichocarpa
- B8l HME_Populus trichocarpa
B3SUY3_Ricinus communis
.»—AQZN21_Hevea brasiliensis
CBTITD_Glyzine max
COPOMN2_Picea sitchens's

m

— B4KOS Ginkgo bilaba §
ABRDOT Physoomitrella patans |~
i ASTED8 Physcarmilralla palsns :'
" o5sWWA_Prototheca wickerhamii |
ASJHUE_Chlamydomonas reinhardtti
i AAS512 Ostregoacous lucimarinus
: QO0Y25_Cstreocoscus taur

1

sub. T

1.0 PAM

CHIGQLUE Clarkia breweri
BEIETS Populus tichocarpa
L———AGZN18 Heves brasiliensis

sub

land plants

aquatic plants

Number of Paralogs

GGPPS gene paralogs

max No. of GGPPS/species

Angiosper
R? = 0.93

/

-
-
_—

= Gymnosperms
— Mosses

Coman et al., in preparation




12 predicted GGPPS in A. thaliana:

Eidgenéssiscﬁ_g:; , e Hc;chschule Ziirich : Why? redundant or not?

Swiss Federal Ir_|§;é y@of Technology Zurich

86% 84.6%
GGPPS——)—
C..C DD..D DD..D

100% FARM and SARM conservation in GGPPS1-11

GGPPS1-4, 6-11 produce GGPP in E. coli

=
i

0.2

Relative ahsorhance ar 472 nm

Beck* and Coman* et al., 2013

02 LEx] 4]} o7 13 %3] Gl L1l 01z pllN-4T1-2 * equal contribution

26.02.14 ETH Zurich Plant Biotechnology | dcoman@ethz.ch



. ' 'q.
Eidgendssische Té;;'h'_ﬁ.i‘r e Hochschule Ziirick
Swiss Federal Ir!,s‘t@té"of Technology Zurich

Evolution of the polyprenyl synthase domain in plants
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GGPPS5 is a ghost pseudogene
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The 10 GGPPS paralogs are differentially

Eidgenéssisch_sa-"ll;:‘e . - Hc;chschule Ziirick : expressed during plant deVEIOpment
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GGPPS subfunctionalization is supported by the
correlation of sequence and expression
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The 10 GGPPS paralogs have different

subcellular localization and expression pattern
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Being many is not enough: lethality vs.
redundancy in the GGPPS gene family from
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Being many is not enough: lethality versus

i’ redundancy of Arabidopsis plastid GGPP synthases
swissFederal nSHEut8 of Technology Zurich reveals GGPPS11 as a major hub enzyme
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Continuing evolution of young GGPPS

Eidgenéssisch_g:; .‘ eHc;chschuIe Ziirick : In A' thal’ana accessions
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“Young GGPPS” paralogs: Operon-like gene

cagenssische ebhmseh Hochschue it B clusters for specialized metabolic pathways
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“young GGPPS”
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Final remarks
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"= The gene co-expression networks revealed MVA and MEP pathway genes
that might link the circadian clock to the outputs

= The GCN identified a possible modular and organ specific regulation
between the circadian clock and isoprenoids at transcript level

= GGPPS paralogs: being many is not enough; GGPPS11 is a hub paralog,
conserved across plants and its function is essential; the “young GGPPS”
might be required for particular developmental processes or environmental
conditions

"= GCN are species independent. GCN + Orthology => knowledge transfer and
metabolic pathway evolution between species

* Met
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