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An Immense plant biodiversity
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..but how much longer.."?
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..especially in the tropics

Predicted extinction risks
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Insights from history?

Temperature of Planet Earth
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—volutionary questions

How much and how fast can evolution compensate for the climate change?

The evolutionary “winners”?

Human influence; landscape fractionation.

Plant genomes are the result of millions of years of selection and adaptation.
« What can we see from the past?

- How does genome evolution work?
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Sequencing the world biodiversity... not there yet
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5 NANYANG

TECHNOLOGICAL
UNIVERSITY uarkko salojirvi Chen, Frontiers in Plant Science 2018.




Boreal forest consists of only few foundation
Species

Other
4 %

pine
%
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Using silver birch as a model to study genome
evolution in trees

Ecology:

- Fast-growing pioneer tree.

* Important species in the boreal ecosystem.

Genome:

* Only tree with a reference genome which can be made to flower within a year.
- Small reference genome.

Genetics:

* Selfing possible - can construct highly inbred lines.

* Low interspecific incompatibility - crosses between different Betula species

possible.
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Betulaceae and higher order Fagales contain

several important tree species
L N

Nothofagaceae SOUthern beeches

Fagales Beech family: oak, chestnut,

Fagaceae gnd beech (Quercus,
Castanea, and Fagus)

Myricaceae

walnut family
Juglandaceae Walnut’ pecan’ ‘
hickory

— Ostrya  Hop-hornbeam

— Carpinus Hornbeam

Rhoipteleaceae

horsetail tree

Ostryopsis Hazel-hornbeam

Ticodendraceae Corylus Hazels
setutacess ——] Silver birch (Betula pendula)
Casuarinaceae Alnus Alders

!_ | Jarkko Salojirvi Www.mobot.org
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Betulaceae Is a widely spread family
]

* Birch highly prevalent - ecologically important.

* Most important deciduous tree for forestry in Finland - 16% of total
tree volume.

Range of the family Betulaceae Range of Betula pendula
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Model for Tree Genetics

* Only tree which can be
made to flower within a
year.

» Selfing possible - can
construct highly inbred
lines.

» Speciation not resolved -
crosses between different
Betula species possible.

Nature 184, 2037-2038 (26 December 1959) | doi:10.1038/1842037b0

Early Induction of Flowering in Birch Seedlings

K. A. LONGMAN & P. F. WAREING

n 1. Department of Botany, The University, Manchester,

2. Department of Botany, University College of Wales, Aberystwyth,
! Jarkko Salojarvi




Sirch Genome

* Flow cytometry: 440 Mb.

* Assembly v1.2 435.0 Mb.
* 5,524 scaffolds >1,500 b.
* N50 length 239,8 kb.
* Longest scaffold: 3,17 Mb

* 89% of the assembly mapped
to 14 chromosomes
* Ultra-high density linkage
map, 3.6 M markers.

o
.! Jarkko Salojarvi



Genomic insights to population history
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Population Genomics of Birch: 12 Sites
Representing the Geographic Range
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Ps Shows Admixed Individuals
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Species

Birches Have a Complex

Phylogeny with Admixed

—B. platyphylla
100
——B. pendula

100

96 —B. populifolia

100
-A. incana

-A. glutinosa
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Sirch Has \Weak

Population Structure

 Qutcrossing, wind-pollinated
species with over 1,000 km
pollen dispersal.
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Split into European and Siberian Populations
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Population History
]

- Demographic history estimated with Stairway Plot.

+ Unfolded site-frequency spectrum estimate (ANGSD) with ancestral state
reconstruction (Phangorn, R).

» Substitution rate and generation time of birch is not known.
- Large range of possible substitution rates, from 2.7 x 10=° to 3.5 x 1078,
 Best guess from peach: 7.77 x 10-° mutations / (Bp x generation).
- Same rate as Arabidopsis.

* Generation time also unknown, could be between 10 and 80 years.

.! Jarkko Salojarvi



Population History - Four Major Bottlenecks

» Population bottlenecks appear to

co-occur with events of climatic
upheaval.

, Pliocene—Pleistocene boundary
Pliocene , o 2 Ma
marine extinction

Neogene Middle Miocene disruption 14.5 Ma
Eocene—Oligocene extinction

Palaeogene t 33.9 Ma
even

Cretaceous—Paleogene extinction
66 Ma
event

.! Jarkko Salojarvi
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Timing of bottlenecks?
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Plant adaptation and evolution
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Whole genome duplications

during plant evolution
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Poplar has a recent
whole genome
duplication event.
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Tandem duplication: local amplification

* Mostly mediated by homologous recombination

A
Duplication ,
Deletion
a
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Beams&Roth, 2015
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Functional Bias According to the Duplication Origins

Syntenic: Enriched for
transcriptional regulation

Gene Density

TE Density

Tandem expansions:
Enriched for environmental

responses and secondary
metabolism.

Holds also for most other
Species.

mm Tandem

mm Syntenic

-! Jarkko Salojarvi

Salojarvi et al. Nat.Genetics 2017



Convergent Tandem Expansions

L N
N orthogroups

- Significant overlap of orthogroups
(Fisher test, p<2.2e-16)

B.pendula P trichocarpa
* Enriched GOs associated with

environmental responses.

- Adaptations to tree-like lifestyle
visible in tandems shared by
B.pendula and Ptrichocarpa (fungal
defences, cell wall biogenesis,
cellulose synthase).

i A.thaliana
n Jarkko Salojarvi Salojarvi et al. Nat.Genetics 2017



How does the genome evolve..?
e

« Genes retained after WGDs appear to follow a dosage balance hypothesis:

 In complex regulatory networks and protein complexes the stoichiometric
balance between the different components needs to be preserved.

* Therefore selection acts against losses after WGDs and against tandem
duplications.

» Other genes evolve through local expansions, such as tandem duplications.

TECHNOLOGICAL
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Selective Sweeps: Recent Adaptation
]

« Sweepfinder2 + post processing pipeline adapted from the analysis in great
tit genome (Laine et al 2016).

- Careful curation of sweeps - removal of organellar insertions and
transposable elements.

 This resulted in 913 genes, out of which 841 had orthologs in Arabidopsis.

.! Jarkko Salojarvi




In Birch, Selection Acts by Tuning the Timing and

Crosstalk Between Different Processes
Nl

- Regulators and receptors holding key positions in triggering developmental
or physiological chains of events.

- 3 GOs significantly enriched (44 genes), related to related to wood and fiber
development, light sensing, embryogenesis, and reproductive isolation.

.! Jarkko Salojarvi



In Birch, Selection Acts by Tuning the Timing and

Crosstalk Between Different Processes
Nl

 Further analysis was carried out to test how many of the sweeps can be
explained by population structure.

» Significant contribution in 423 genes, 490 genes unexplained.

» We further correlated the SNPs around sweep regions with temperature,
precipitation, and geographic coordinates of the sites.

» SIX genes with high statistical significance: PHYTOCHROME C, SWEETIE,
KAKTUS, MED5A, RESPONSE REGULATOR 1, FAR RED SEQUENCE 10

.! Jarkko Salojarvi



—xample Sweep Region: PHYC
L N

* In Arabidopsis, Phytochrome C is connected to temperature-specific
regulation of the circadian clock, and strongly linked to altitudinal, and
latitudinal-longitudinal clines in flowering time.

« Population structure does not explain the SNP pattern around the sweep
(5.3%, NS).

« Maximum temperature explains a significant proportion (26% RDA, p.adj=0.01)

RDA
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Connection between sweeps and gene origins?
L N

* Enrichment of sweeps in syntenic genes from paleohexaploid event, as well
as in non-tandemly duplicated genes.

 Young birch-specific genes significantly depleted.

 Tandems not enriched.

.! Jarkko Salojarvi



How does the genome evolve..?
e

« Genes retained after WGDs appear to follow a dosage balance hypothesis:

 In complex regulatory networks and protein complexes the stoichiometric
balance between the different components needs to be preserved.

* Therefore selection acts against losses after WGDs and against tandem
duplications.

- Tandems: Exploration - exploitation hypothesis:

- Exploration: tandems are evolving with low evolutionary selection pressure
(copy number variants)

» Different mechanism for selection (homologous recombination,
decreased LD)

* Exploitation: at specific times in history, rapid environmental changes
require exploitation of the exploratory gene space -> fixation, sweeps.

TECHNOLOGICAL
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—volution of a gene family
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DUF26: Stress-antifung domain

* Analysis on a protein in Ginko biloba: A mannose-binding lectin that exhibits
antifungal activity.

Conserved cystein motif:
C-8X-C-2X-C

TECHNOLOGICAL
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KIngdom

DUFR206 Is widely present throughout the plant

d
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Cucumis sativus -

[ 1 sdCRRSP
B CRRSP
B sdCRK
[ bCRK
B CRK
I PDLP

o
N
o
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...and mostly in 2xDUF26 configuration

@) Signal peptide
. DUF26 domain
Transmembrane region

e
<> Kinase domain (type I)
<> Kinase domain (type I)

aaenad NANYANG
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CRK radiation in angiosperms, many lineage-
specific tandem expansions

a Selaginella sdCRKs/sdCRRSPs
Selaginella ddCRKs Eudicot vCRKs
sdCRRSPs
bCRKs ‘ R \V ¥4 Monocot VCRKs
Basal (a) group —  \76 - Variable ([3) group
Spruce-specific CRKs/CRRSPs : / \ \\\
\ \ \
/ CRRSPs
Eudicot
C
PDLPs Y
b CRRSPs
Selaginella sdiCRRSP Monocot vVCRK
Selaginella sdCRK PDLP-| |  Monocot CRRSP
Selaginella ddCRK PDLP-II
sdCRRSP

Eudicot CRRSP ' o ‘ Eudicot vCRK
bCRK-II

bCR w‘ [y p |
I b | !
il |
Al il
pr | '

lr
r; J
SRR NI 7 =
TEC 7|6 | Amborella vVCRK
% UM e = waB258L(0) Group Variable (B) Group

Vaattovaara et al. submitted



Significant expansions in branches with WGD
events

b bCRKsvs RLKs Ath S (2) d VCRKs vs RLKS
Ath 39 (+6)
Ptr9 (+2)
Ptr 55 (+22)
Vi 11 (+4) _
Vi 40 (+7)
Aco 10 (+5)
Aco 29 (+10)
5 r== Bdi2(-1) .
: 13 18 Bdi 38
1 5 Osa3 P=0.0567543 | 38
: I == Osa 48 (+10)
5-43 Zma 3 P=0.0032154 :
P=0.0051119 Spo 4 (+1) + 7==117 Zma 30 (+4)
4 Spo 17
Atr9 (+4 v
79 (4 ° Atr 8 (+1)
Smo 5 (+1)
0 Smo 0

Ppa 0 0.2 Ppa 0 5

aaenad NANYANG
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- S‘ UNIVERSITY ' sarkko salojérvi Vaattovaara et al. submitted



—volution to harsh environmental conditions
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Detecting early signs of heat and drought stress in

Phoenix dactylifera (date palm)
S_—__

1. Very important crop.
2. Resistant to extreme drought, heat
and UV conditions.

.! Jarkko Salojarvi

Safronov et al. PLoS ONE, 2017



—ffects of heat and drought on date palm seedlings

under controlled conditions
L . AN T e

Transcriptomics

Day/Night: 16h/8h: 20°C/ Day/Night: 16h/8h: 35°C/
15°C 15°C ,
| | Metalbolomics
Drought (9 days no water, Drought (5 days no water,
2 week acclimation). 2 week acclimation).
Low temperature High temperature

‘. Jarkko Salojarvi Safronov et al. PLoS ONE, 2017



stories

- Metabolome: immediate responses, transcriptome: slower, anticipatory

response
Transcriptome
100
Control Heat
*
N e
—_ 0 - - X :
@ 100 Drought e _~ Heat & Drought

=50 0 50
PC1 (26%)

el
Heat

ateigd NANYANG

‘9%; TECHNOLOGICAL

UNIVERSITY Jarkko salojarvi

100

PC2 (15%)

PCA of transcriptome and metabolome tell different

Metabolome
10 Control
3
3
5
Drought
" o X
0 ,,_,.,_ ................................... e S, N —
o h xo
-5 -|Heat & Drought - .
Heat
5 0 5 10
PC1 (37%)

—
Drought

Safronov et al. PLoS ONE, 2017



Carbohydrate metabolism activated by drought

B Viscellaneous

Organic acids
Sugars

Amino acids

| =, 1]

Unknown-bth-pae-013
Tocopherol alpha
Similar to Lumichrome

Threonic acid—1-4-lactone
Hexadecanoic acid

Glucuronic acid

Docosenoic acid methyl ester 13-Z

Lactose 2
Glucose-1-phosphoric-acid
Galactose

Fucose

Fructose

D-Glucopyranose
D-Cellobiose

Serine

Proline
Ornithine-1-5-lactam
Ornithine Derivate not found
D-L-Glutamine
DL-Glutamine

Asparagine

Arginine NH3

Safronov et al. PLoS ONE, 2017
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Gene expression: preparation for heat

Expression of heat shock proteins and chaperones.

anaerobic

. i i
cellular response {d ;%sgrr%nlg

peroxide response fo
bacterium ['esPonse to jresponse to
cellular response Q) cellular sucrose | wounding
; response
sertads | osmohc esponse to Jresponse to
hypoxia hscisic acidl salt stress

Jarkko Salojarvi Safronov et al. PLoS ONE, 2017



Circadian&light motifs and sugar signaling motifs

enriched In promoters of diff exp genes

QT T
TGGGCC
Hexamer (CCGTCQG)
RAV1-A (CAACA)
i CAAT-box (GGCAAT)
) CAAT-box (C[A/CJAAT)
> Box-Il (GGTTAA)
.v@ Iosmocox$>>1>>>v

o\+o 771 I W-box (TTGAC)
% B PRE (ACTCAT)
\v_ Iomﬂ\ma BS in ADH1 (CCACGTGG)
CCA1 (AAAAATCT)
_ 18> (TGACG)

ARF (TGTCTC)
s T-box (ACTTTG)
SORLIP5 (GAGTGAG)
SORLIP1 (AGCCAC)
SORLIPs (G[G/C][G/C][C/A]C)
EVENINGAT.core (TGGATA)
Morning element (CCACAC)
G-box (C[A/G])[C/T][G/C][T/G)G)
G-box(CACGTGG)
G-box ([A/T)[C/G]JACGTG[T/G))
_ - LTRE ([AJCCGACIA))

CM2 (CCGCGT)
TATCCAYMOTIFOSRAMY 3D (AGATAT)
TATCCAOSAMY (TAATC)
SREATMSD (GGATG)

MYBST1 (TTATC)

I-BOX (GATAAG)

I-BOX (TATCC)

GATTA (TGGATA)
CGACGOSAMY3 (CACGT)
CATCC (GGATAA)

ERF1 BS in AtCHI-B (GCCGCC)
Erd1 (ACGT[G))

TATA-box (ATATAAT)
EIRE (TTGACC)
DREB2A (ACCGAC)

CBF2 (CCACGTGG)
ABRE (ACGTGTC)
ABRE ([C/TIACGTGGC)
ABRE ([A/C][C/A][G/C][T/G][G/TIG[C])

* Perhaps new adaptation?

TATA-box ([T/AJIAT][T/A|A/TIATIATIT])

Safronov et al. PLoS ONE, 2017
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—volution of environmental defenses
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Tissue-specific study across the stem reveals the transcriptome dynamics of bark.

Juan Alonso-Serra*"**?, Omid Safronov*'?, Kean-Jin Lim***°, Sara J. Fraser-Miller**®’, Olga B.

Blokhina'?, Ana Campilhog, Sun-L1 Chong9, Kurt Fagerstedtl’z, Raisa Haavikko®, Yki

1,2,3,10 1,2,3

Helariutta , Juha Immanen'*”, Jaakko Kangasjirvi'”, Tiina J Kauppila®, Mari Lehtonen'’,

Laura Ragni'’, Sitaram Rajaraman'’, Pia Runeberg-Roos’, Riikka-Marjaana Risinen®, Pezhman
Safdari'?, Maija Tenkanen’, Jari T Yli-Kauhaluoma®, Teemu H. Teeri***** Clare Strachan***°,

Kaisa Nieminen***'°, Jarkko Salojarvi***'*!1->1>.
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. F1: Phellem
B F2: Phellogen / Phelloderm
" F3:0ld phloem

F4: Developing phloem

F5: Vascular Cambium
: Developing Xylem
: Xylem

: Previous year xylem

% Dry weight

w.w.w)m)» '

Cryoseqtioning of birch bark tissues

§-n Illlll I' "

¥ Ara

= Rha

& Xyl
W GlcA
Z MeGlcA
M GalA
' & Man
® Gal
Xl ora j-.‘GlC
ok
5
.n‘;)‘:
g l.r|§| 'l l l'I a8 Illl e |I'l

s
x

LS

Serra, Safronov, Lim et al. accepted



Intensity

Sirch phellem contains high amounts of betulin and

ts precursor lupeol
L N

: Betulin abundance - Lupeol abundance
100,0 90,0
90,0 80,0
80,0 70,0
70,0 60.0
233 % 50,0
40,0 z 40,0
30,0 30,0
20,0 20,0
10,0 i 10,0 i i
0,0 - e —— 0,0 I _ -— i
1,5m height Transition zone Apical stem 1,5m height Transition zone Apical stem
mFl mF2 ©F3 F4 mFl mF) =F T4

. Ve Ry Sensgar v Serra, Safronov, Lim et al. accepted



Highest betulin content in B. pendula
L N

Triterpene composition 103.5
83,9
100,0 I
® Betulin
4,5 "’ o Lupeol
< 10,9 1.4
%B 10,0 1 I I ® Betulone
- ) 42
ot 3.5 m Oleanolic Acid
‘g T Betulinic Acid
-
s 1,0 I I Allobetulone
—
o B
E:L) T P
0,1 J.

0,0

A. glutinosa B. davurica  B. alleghaniensis  B. ermanii B. papyrifera B. pendula

.! Jarkko Salojarvi Serra, Safronov, Lim et al. accepted



Betulin IS the main distictive feature between B.
pendula and A. glutinosa phellem

v A v '
it ' T ' J A.glutinosa
N3
§ W B pendula ® Ne
3 —— NiL1 (AP) 2 O N3
§ W ror: ::tg % - B.pendula
ke —— N1L4(OL) 2 - A N1L1(AP)
B 1 — Ngt; (AP) 1?: $ A NiL2
— N
N | N3y E § § ® A A A NIL3
= —nian 2 J15 % A { A N1L4(OL)
£ i N3L2(OL) @ § A
S M | . Botulin > 8% A A N2L1(AP)
pd —— Amorphous 8 = A A A N2L2
s - § ‘A A N3L1 (AP)
© g2 A Y & N3L2 (OL)
2 £ 3
o - 9 3 <4
\ S €5
e gad © A
O
Q2419 -
B o
5 3
&%
$sE O
£3
2 e Higher amorphous
Higher cellulose/helicelluiose signal betulin signal
-4 + T Y T v T v T v ¥ T ?
3 i i 1 . 1 . 1 . 1 -15 -12 -9 -6 -3 0 3 6
1800 1600 1400 1200 1000 800 . &
2 PC1 (90 % explained variance)
Wavenumber / cm
o

.! Jarkko Salojarvi

Serra, Safronov, Lim et al. accepted



0.15 0.20

MDS2
0.10

-0.15 -0.10 -0.05 0.00

#

0.05

Bark tissue transcriptomes are stratified by the
tissue from which they originate

F8 F7.
/ F6.
F1)
\ F3|
F2
) F4 5
-0.3 -0.2 -0.1 0.0 0.1
MDS1

Serra, Safronov, Lim et al. accepted



Secondary metabolism pathways enriched in

ohellem (F1)

alpha amyrin bioSynt

camphor bioSynt

esterified suberin bioSynt

lupeol bioSynt

oleancolate bioSynt

avenacin bioSymt

mangrove trterpenoid bioSynt
cpoxysqualene bioSynt

guanosine nucleotdes degradation Il
rose anthocyamn bioSynt I
supcrpathway avenacin A bioSynt
sovbean sapomn I bioSynt

oleoresin monoterpene volatiles bioSynt
arachidonatc bioSynt
docosahexanoate bioSynt I

linoleate bioSynt I (plants)

fatty acid activation

alkane bioSynt II

mevalonate pathway |

gibberellin bioSynt III

bisabolene bioSynt

all rans farnzsol bioSynt

trans-trans farnesyl diphosphate bioSynt
ursolate bioSynt

betulinate bioSynt

uracil degradation I
phosphatdyicholine acyl editing
morphine bioSynt

monoterpene bioSynt

baicalein Meta

wogonmn Meta

baicalemn degradation

macvlzlycerol degradation
secologanin and strictosidine bioSynt
berberine bioSynt
glutathione—mediated detoxification 11
phospholipases

very long chain fatty acid bioSynt I
glycerophosphodiester degradation

Jarkko Salojarvi

Phellem [F1]

l
[
L |
|
[ ]
L 1
- 00O 1
/1
[ ]
J
]

| 1

|

)
| l
|
1
. 1]
[ )
[ ]
1
[ 1
—
{ — B Homologous pathways
| ]' related to
{ { betulin biosynthesis
1 1
l )
[ ) ] Homologous pathways
':]' related to
I suberin biosynthesis
] )
1

(

=T o x>

Max(mean) of log2FC

10
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...especially triterpenoids

MEP/DOPX Pathway Plastid

1 Bpev0l ¢2634 g000) )
' 7 Bpev0l ¢1070.g0022 Cytoplasm
Betulinate/mangrove/mevalonate Bpev0l <0219 50021

biosynthesis

Bper01 2634 g000)
Bperv0l 1070 g0022
Bpev01.¢0219 20021
Bpev01.¢2211 0002
Bperv01 ¢0219 g0018
Bpev01 ¢ 1800 g000S

BpevOl ¢2211 g0002
Bpev0l c0219.20018
BpevOl <1800 g000S5
BpevOl ¢1439 20014
Bpev0l 0267 20013
Bpev0 ] <0960 g0007
BpevOl ¢1493 g000)
Bpev0l 0267 g0015

Homolog to Lupeol biosynthesis to Ursolate biosynthesis

o Homolog to Oleanolate biosynthesis
[PP s [PP* s | PP Squalene 2,3-epoxid B-amyrin biosynthesis
Homolog to a-amyrin biosynthesis H
Bpev0l ¢1492 0001
I— GPP Bpev0l <0267, g001S Homelog to Soybean saponin-1
BpevOl ¢ 1439 50014 biosynthesis
MVA Pathway Bt — T
Bpev0 1 c0960 g0007 m “E:“l :-n:.v.- :-nm‘
Homolog to Oleoresin monoterpene Bpev0 ) c0286 0009
volatiles M-Mh BpevOl ¢3244 g000
Acelyl COA ‘ — . l:::\:l: cl‘:f ;“’)'“l.

B Bpev01 c0286 g000S
Bpev0l c1439 g0014
Bpev0l c0267 g0013
Bpev0 | c0960 g0007
BpevOl ¢ 1493 g000)
BpevOl c0267 g001 £
Bpev0 1 cO189 g005S
BpevOl ¢ 1456 g000)
Bpev0 | cOMTO g9
Bpev0 ] cO470 gOod9
Bpev0l.cO470 g0050

-
-4

‘ . Bperv01 ¢ 1988 g000])

Bperv01 c0d1 5 g000]

o el Bper01 0671 g0003

Bpev01 c3193 g0002

Bperv01.c0671 g0004
f - \ N 2

{ \ Bperv01 ¢ 1574 g0oo2

J ( trate B Bpar01 c0671 g000S
| - - .

\ J Bperv01 ¢ 1574 g000)

CyCle Bper01.¢1004 0001

J/ Bper01.¢1659 g0006

Bperv0l ¢ 1214 g0004

*

SpervOl c026
BpevOl c000]

. -
b deAD

gwefep _ Log,FC
: yntenic
- Tandem -I()-I -

Expanded S0 s

Jarkko Salojarvi Serra, Safronov, Lim et al. accepted



Comparative transcriptomics of B. pendula vs.
A.glutinosa

- To compare the transcriptomes, we extracted phellogen (F2) and old
phloem (F3) from black alder (A.glutinosa) and carried out RNAseq.

- RNAseq mapped against a draft assembly of A.glutinosa.

» Birch-specific gene family expansions detected by running orthofinder using
B.pendula, A.glutinosa, V. vinifera, A. thaliana and Ptrichocarpa gene models.

» Birch-specific expansions were identified from among orthogroups.

Expanded and contracted gene families in B. pendula

2 4 6

Log2 [Bp — Vvi]
0

-4 -2

‘ -10 -5 0 5
: Jarkko Salojérvi Log2 [Bp — Ag] Serra, Safronov, Lim et al. accepted



- Suberin biosynthesis
" W———og.fold change)

Endoplasmic reticulum
ﬂwm TU scaffold22771_size3395.1
— CYP86A1 » w-OH-Fatty CYP86? > a,w-dicarboxylic aci LACS? = a,w-DCAcyl-CoA-
BE BE  £oev01.c1092.g0004.m0001 acid 4 -I-_
RICBAFPHP evm.TU s sz = ? > - = =
e ittt ASETT ORISR 3 G3P ~
~e FAR?
CYP86B1
| rdrpreepieogedood o gy sttt m GPAT5/7
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NP g | Bpev01.c0365.g0020.m00O1 eV TU scaffold23114_size3342.1
BAN I A NP
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| '!' v,
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Serra, Safronov, Lim et al. accepted

TANDEM BIRCH-SPECIFIC EXPANSION



Setulin biosynthesis
BH Log,FC

MVA Pathway

Acetyl CoA

Citrate
cycle

mm
N w
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Ed
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Setulin biosynthesis is less active in alder
]

(a) (b)
Suberin biosynthesis pathway Mevalonate pathways (MVA)
=1 Aliphatic suberin feruloyl transferase ==]Spearman correlation:  0.1538968 *malene enoxidace
l ’ ® P-value of correlation 0.8048 Squalgm LpO\ldabL
caffeoyl-CoA caffeoyl transferase CYPS86AI
O ‘ ® .' oc—
&) Glycerol-3-phosphate acyltransferase ) . o
s B-Ketoacyl-CoA synthase | ==
G o1
o i S
= -1
S S
- 3
S S
': - : r r Y
£ S - Farnesyl pyrophosphate
S S ®
B0 %0
® M N - CYP716 @ @ Lupcol synthase
CYPR6BI
Spearman correlation 09411765 ® ’Squulcnc SylllhllSC
i P-value of correlation:  0.005089 -
1 I 1 1 I 1 I
2 4 6 8 10 12 14 ’ ) 6 8 10 12
B. pendula Log,FC B. pendula Log,FC
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Sirch-specific genome structure: Tandem LUS
expansion next to CYP/716

lia trichopoda: Annotation file: AmTr_v1.0_evm_run27_fiker02.gf3 (Amborella Genome Consortium v1.0.15.2, unmasked) evm_27.model.AmTr_v1.0_scaffold00119.10
oK oK (L oK 0K oK oK e

endula subsp. pendula: Scaffold assembly from Salojarvi et al. Nat. Genét2017. (University of Helsinki v1.0, unmasked) Bpev01.¢0219.9g0021.m0001 (chr: Contig219
POK  JOK  HOK  [OK 0K  POK 0K EOK  OOK —JIf0K—-J120K [130K [I40K [ISOK  [160K 170K 80K, [1SOK  POOK 10K

11 11 4
T !

fera (grape) (French Ratiop8l Sequence Centér v2. unmasked) GSVIVG01032218001 (chr: 11 13077694-13161848)
oK

| [
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. F1: Phellem

Bl F2: Phellogen / Phelloderm SynteﬂlC geﬂeS and geﬂes Uﬂder

. F3: Old phloem

F4: Developing phloem SeleCtlve Sweeps are

F5: Vascular Cambium
I F6: Developing Xylem

W e overrepresented in expressed genes

I F8: Previous year xylem

o Syntenic B Tandem [ Sweep

“ Serra, Safronov, Lim et al. accepted



Conclusions

 Climate change will dramatically alter the living conditions of the earth within
the next decades.

- Competition in ecological niches will change, other species will get an
advantage.

« Genomes contain information about the past selection and adaptation.

» Can be used to derive hypotheses about gene family evolution and
selection.
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