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Evolution of mycoheterotrophy

Reduction in leaf size
Loss of photosynthetic activity

Loss of chlorophyll

-Gastrodia umbrosa-

-Epipogium roseum-
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Plastid genes - degradation and loss

Functional gene
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Plastid genes — gene groups

ATH %

Australian Tropical Herbarium

Plastid NADH Photosynthetic Plastid- Genes with ‘other’
dehydrogenase related genes encoded RNA functions and plastid
-like complex psa, psb, pet, polymerase Plastid ATP generic apparatus accD,
ndh ines rbcftc. (PEPipo synthase atp matK, trn, rnn, rpl, rps etc.
Indirectly Directly Genes for photosynthetic enzymes || ‘Housekeeping’ genes e.g.,
involved in involved in with secondary functions e.g., for transcription and
photosynthesis || photosynthesis transcription mediation translation processes
e.g., fine-tune e.g.,
photosynthetic || photosynthesis
performance apparatus
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Plastid genes - degradation and loss

¢

£z <o

é%%o

P
Partial Full
heterotrophy i heterotrophy

@ Plastid NADH Most Plastid-encoded Plastid ATP ‘Other’ functions § -

S . dehydrogenase-like i photosynthetic RNA polymerase synthase and plastid genetic i

s = complex genes (PEP) apparatus :

B i psa, psb, pet accD, matK, tmE, etc. |

= dh ] ] ] t ? 1 ] E

a " rbeL, efc. it . ol rps, rrn, tm, efc. i
Bulk of ;

. ndh genes i photosynthesis

D g genes

=3 .

< 5 I —--- o (PEP genes)

2 '

== 8 rbcl (Rubisco gene)

e = .

= 3 : atp (ATP synthase genes)

=5 i e e

5 : matK (maturase K)

832 e e

= ° |- Translation apparatus and five core nonbioenergetic genes x

Orchids were found to be variable
in the conservation of ndh genes
regardless of the nutrition status.
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Dipodium R.Br.

Common name: Hyacinth orchids

Subfamily: Epidendroideae
Tribe: Cymbidieae

* 39 species
Divided in two section:

e Section Dipodium
» Section Leopardanthus (Blume) O. Kuntze




Section Leopardanthus in Australia
‘Leafy’, autotrophic species
Adventitious roots, epiphytes and terrestrials




Section Dipodium in Australia
 ‘Leafy’, autotrophic species
 Non-adventitious roots, terrestrials
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Section Dipodium in Australia
 ‘Leafless’, mycoheterotrophic species
* Non-adventitious roots, terrestrials
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Phylogenomic resolution: Orchidaceae

Maximum likelihood phylogenetic tree: Based on 68 plastid loci and 148 taxa

SH-aLRT/ufboot < 80/95

0.02

—< Apostasioideae

Cypripedioideae

Orchidoideae

Neotieae

rq Sobralieae

I Triphoreae

’— Nervilieae

Tropidieae

<] Arethuseae
|_<I Malaxideae

Podochileae

—
\—Q Collabieae
<| Epidendreae

Vandeae

Stanhopeinae

-q Maxillarinae
I—Q Zygopetalinae

| Cymbidinae |
TDipodiinae
Catasetinae
—— Cyrtopodiinae
Eulophiinae
Oncidiinae

Vanilloideae

Cymbidieae

Epidendroideae



Phylogenomic resolution: Orchidaceae | Epidendroideae | Cymbidieae | Dipodiinea | Dipodium

Maximum likelihood phylogenetic tree: Based on 68 plastid loci and 148 taxa
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Phylogenomic resolution: Orchidaceae | Epidendroideae | Cymbidieae | Dipodiinea | Dipodium

Maximum likelihood phylogenetic tree: Based on 68 plastid loci and 148 taxa
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Phylogenomic resolution: Orchidaceae | Epidendroideae | Cymbidieae | Dipodiinea | Dipodium

Maximum likelihood phylogenetic tree: Based on 68 plastid loci and 148 taxa
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Phylogenomic resolution: Orchidaceae | Epidendroideae | Cymbidieae | Dipodiinea | Dipodium

Maximum likelihood phylogenetic tree: Based on 68 plastid loci and 148 taxa

[ D. pandanum 1~ ~TTTTTTTTTTTTTTTTTTTTTommmoommommosnocnooes
D. pandanum 2

D. ensifolium

Sect
Leopardanthus

0
)
fo
@
1S
o
O
<
=
o
2
o
LC
o

D. hamiltonianum
complex

A

D. stenocheilum
complex

Photo: M.A. Clements Photo: M.A. Clements

(Vo)
Sect
Dipodium

SH-aLRT/ufboot < 80/95

0

0.002

N



Phylogenomic resolution: Orchidaceae | Epidendroideae | Cymbidieae | Dipodiinea | Dipodium

Maximum likelihood phylogenetic tree: Based on 68 plastid loci and 148 taxa
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Divergence-time estimations: Orchidaceae | Epidendroideae | Cymbidieae

Bayesian analyses performed with BEAST 2: based on 30 plastid loci and 134 taxa; Best-fit model for the data set: Optimised relaxed clock/ birth-death
( Model comparison by AICM; Fabozzi et al. 2014)
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Divergence-time estimations: Orchidaceae | Epidendroideae | Cymbidieae

Bayesian analyses performed with BEAST 2: based on 30 plastid loci and 134 taxa; Best-fit model for the data set: Optimised relaxed clock/ birth-death
( Model comparison by AICM; Fabozzi et al. 2014)
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Divergence-time estimations: Orchidaceae | Epidendroideae | Cymbidieae | Dipodiinea | Dipodium

Bayesian analyses performed with BEAST 2: based on 30 plastid loci and 134 taxa; Best-fit model for the data set: Optimised relaxed clock/ birth-death
( Model comparison by AICM; Fabozzi et al. 2014)

Australia has arrived at today's geographical position
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Divergence-time estimations: Orchidaceae | Epidendroideae | Cymbidieae | Dipodiinea | Dipodium

Bayesian analyses performed with BEAST 2: based on 30 plastid loci and 134 taxa; Best-fit model for the data set: Optimised relaxed clock/ birth-death
( Model comparison by AICM; Fabozzi et al. 2014)

Australia’s climatic conditions became increasingly arid
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Divergence-time estimations: Orchidaceae | Epidendroideae | Cymbidieae | Dipodiinea | Dipodium

Bayesian analyses performed with BEAST 2: based on 30 plastid loci and 134 taxa; Best-fit model for the data set: Optimised relaxed clock/ birth-death
( Model comparison by AICM; Fabozzi et al. 2014)

Plio-Pleistocene
i

Zanclean & Piacenzian :

Aridification of Australia continued

€T0T “¥'D ‘9591035

D. pandanum
D. ensifolium

Sect
Leopardanthus

— \ r D. hamiltonianum
complex
M
—{-__ D. stenocheilum

complex g
I T
ISR
2 9
D. variegatum g‘

B , D. punctatum
complex

D. roseum
complex

o0

95% highest posterior

density (HDP) values l T Miocene T | Plio_|Plei S T
20 10 0 Million years ago




Divergence-time estimations: Orchidaceae | Epidendroideae | Cymbidieae | Dipodiinea | Dipodium

Bayesian analyses performed with BEAST 2: based on 30 plastid loci and 134 taxa; Best-fit model for the data set: Optimised relaxed clock/ birth-death
( Model comparison by AICM; Fabozzi et al. 2014)
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Divergence-time estimations: Orchidaceae | Epidendroideae | Cymbidieae | Dipodiinea | Dipodium

Bayesian analyses performed with BEAST 2: based on 30 plastid loci and 134 taxa; Best-fit model for the data set: Optimised relaxed clock/ birth-death
( Model comparison by AICM; Fabozzi et al. 2014)
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Divergence-time estimations: Orchidaceae | Epidendroideae | Cymbidieae | Dipodiinea | Dipodium

Bayesian analyses performed with BEAST 2: based on 30 plastid loci and 134 taxa; Best-fit model for the data set: Optimised relaxed clock/ birth-death
( Model comparison by AICM; Fabozzi et al. 2014)
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Dipodium plastome: general features

Plastome assembly

e 24 Dipodium plastomes were assembled using Geneious Prime and a de novo & reference-guided assembly approach (reference plastomes D.

roseum (MN200386) & M. coccinea (KP205432)).

Small Single Copy Region

[l photosystem |

[ photosystem Il

[ cytochrome b/f complex
[] ATP synthese

[] NADH dehydrogenase
[l ribosomal RNAs

- clpP, matK

[l other genes

[l transfer RNAs

[l RNA polymerase

[ RubisCO large subunit
[] ribosomal proteins (SSU)
[ ribosomal proteins (LSU)

[Jhypothetical chloroplast
reading frames (ycf)
(*) Intron containing genes

@ moderate to severe
pseudogenized genes



Dipodium plastome: general features

Plastome assembly

* 24 Dipodium plastomes were assembled using Geneious Prime and a de novo & reference-guided assembly approach (reference plastomes D.
roseum (MN200386) & M. coccinea (KP205432)).

[l photosystem |

[ photosystem Il

[ cytochrome b/f complex
[] ATP synthese

[] NADH dehydrogenase

;S? TB [l ribosomal RNAs
p:;;ﬁl - clpP, matK
peter Dipodium [l other genes
chloroplast genome [l transfer RNAs
P [l RNA polymerase

142,949 bp - 152,956 bp [l RubisCO large subunit

[] ribosomal proteins (SSU)
[ ribosomal proteins (LSU)

[]hypothetical chloroplast
reading frames (ycf)
(*) Intron containing genes

@ moderate to severe
pseudogenized genes

Average size of land
plant plastomes:
152,858 kb



Dipodium plastome: structural hotspots — ndh genes pseudogenisation and loss

Plastome assembly

* 24 Dipodium plastomes were assembled using Geneious Prime and a de novo & reference-guided assembly approach (reference plastomes D.

roseum (MN200386) & M. coccinea (KP205432)).
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142,949 bp - 152,956 bp

tmF-GAA
tmL-UAA*

1

tmv-UAC*
ndhJ¥

ImF-GAA
tmL-UAA*

L

tmV-UAC*
nahCv¥
nahJv

ImF-GAA
tmL-UAA*

L

tmV-UAC*
ImF-GAA
tmL-UAA*

!

tmv-UAC*
ndhcv¥
nahKv¥
ndhJ¥

[l photosystem |

[ photosystem Il

[ cytochrome b/f complex
[] ATP synthese

[] NADH dehydrogenase
[l ribosomal RNAs

- clpP, matK

[l other genes

[l transfer RNAs

[l RNA polymerase

[ RubisCO large subunit
[] ribosomal proteins (SSU)
[ ribosomal proteins (LSU)

[]hypothetical chloroplast
reading frames (ycf)
(*) Intron containing genes

@ moderate to severe
pseudogenized genes



alypu
o
adypu

<OVNAWY

[l photosystem |
[ photosystem Il

VdI-0SS

Lo

e =
aHYypU _
wVYPU

altjou ]
a3ypu=—]
0qsd =

~Qypu

NNO-NUj—§*

[ cytochrome b/f complex

[] ATP synthese

[] NADH dehydrogenase
[l ribosomal RNAs

— NNO-NWj

16,756 bp - 13,602 bp ————— |

I- -

— ovnug
== z¢/dI

w\ll
D
= 17} a
cods 2 8
2 5006820
5 c c 5> ()
% n == O o >
L5 2e000¢c 2y
» S OO0 TGE®LOE
T cl>SoTT=ES52Y
T 0.5 3 EELHI TS
EO988QQ 55652258
S B 2 3B B=SE03
oo o 2<a 8 38 m.d o DT3P
o S g Z >898 y% = O %
S osxxx cccc®e EeEaq
ERERNCORO ©=
SN
u.
n. - [l
LI suu "3 .
ol | DOV-HUL) U —
o = 90v-u) —
20wy | noNw o — NNO-NW)
. |IDDQ.ZE~ .
5o/
1oy Loy
— Iy
Slsdi = 2 sLsdi =] 2 o
wHUYpU Y — P a
oy —] © mWYpu 5 Glsd/ = 2
= = > VYPU=] S
a3YoU — mw_mm:" q N
I =] -
00 =g U= 0qsd my
oYU 0Gsd == a%:ﬁ
= ~aypu
-<%VO vS20 -<m8
— OvN-1wg ovN-1w) —OvN1wj
= zc/d e —zc/d/
NN —F g
— Suu NNO-NW NNO-NU —
90V-dU L D0V-HW)
Suu — Ul
n
[ ] - u
1o mo o




ndh gene degradation: Dipodium plastomes

Maximum likelihood phylogenetic tree: Based on 68 concatenated plastid loci (69,335 bp) and 145 taxa; Best-fit model:
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ndh gene degradation: Dipodium plastomes
Maximum likelihood phylogenetic tree: Based on 68 concatenated plastid loci (69,335 bp) and 145 taxa; Best-fit model: GTR+I+I+F+R4 (IQ-TREE)
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ndh gene degradation: Dipodium plastomes
Maximum likelihood phylogenetic tree: Based on 68 concatenated plastid loci (69,335 bp) and 145 taxa; Best-fit model: GTR+I+I+F+R4 (IQ-TREE)
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Plastid genes - degradation and loss ATH

Australian Tropical Herbarium
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Plastid genes - degradation and loss ATH 4
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