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Twenty-one years ago... in 1998
The 15t International Symposium on the Family Magnoliaceae, Gwangzhow
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Presented ITS study on Magnoliaceae - never published



Ten years ago... in 2009

The 2nd International Symposm on the Family Magnoliaceae
,Guang;hou,_ghina 5-8 May, 2009
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Presented nine cp genome region study (9.2 kbp) on Magnoliaceae — published in 2013
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Why magnolia study is
important in botany?

As a member of early-diverging
angiosperms, reconstruction of the
phylogeny of Magnoliaceae will
play a key role in understanding

the diversification of angiosperms.
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Why Phylogeny?

- Reconstruction of phylogenetic tree is the first step for understanding
EVOLUTION and CLASSIFICATION of a group of taxa




Major graave

Minar groove
.

How can we make phylogenetic tree?

« (Traditionally,)

Morphological character analysis

« (After the recognition that DNA is basic genetic material of life,)

DNA analysis




Toward the ultimate phylogeny...

How can we make GOOD phylogenetic tree?

1) Complete sampling representing ALL subgroups of a target plant group

4

overall
resolution

A

»

/]\ »
saturation point taxon number

2) Complete data collection: include DNA regions as many as possible

(at lease over the saturation point)

- have to compare orthologous genes: exclude multiple copy genes
- exclude too divergent regions (theoretically, > 25%)

overall
resolution

7 g y
saturation point DNA regions ;



DNA regions

History of Molecular Phylogenetic Studies on Magnoliaceae

/Kim (in prep.)
Complete cp genomes (160 kbp);
130 taxa representing all major sublineages of Magnoliaceae (7 genera, 18 sections)

>

-

Kim and Suh (2013) 10 cp regions;

7 genera, 18 sections

ndhF, rbcl, matk; trnK'5' intron, trnK 3" intron, rbcl-atpB, trnH-psbA, trnl intron, trnl-trnf, ORF350;

~N

Kim et al. (2001) ndhF, 7 genera, 18 sections (all genera and sections)

Azuma et al. (2001) analysis . matk; 6 genera,17 sections

Azuma et al. (1999). | Azuma et al. (2001)
5 ¢p regions: analysis Il.

matK, trrK 3'intron, trnK 5" intron, 5 cp regions

gbcL—az‘pB,1zgnH—,0_5bA; matK trnK 3'intron, trnK 5’ intron,
genera, 10 sections rbd.-atoB, trrH-psbA;

\\ t/ 3 genera, 10 sections /
4

Z

Subgroups in Magnoliaceae (subgenera and sections)

v



nuclear

DNA regions

History of Molecular Phylogenetic Studies on Magnoliaceae I

}

Genome size of Magnolia kobus: 1.4~2.0 Gbp

Nie et al. (2008); PHYA, LFY, GAI1

1

Chloroplas;[ (160 Kbp)

) )

A

Subgroups in Magnoliaceae (subgenera and sections)

v



Estimation of genome size of M. kobus based on flow cytometry

1C =1.42pg (~1.39Gbp)

Standard
Solanum lycopersicum 2C=1.96

Magnolia kobus 2C=2.9410.04

Events

166

Standard

Solanum lycopersicum 4C=3.92
83

0 200 400 600
DAPI-A-Compensated 1,000



Estimation of genome size of M. kobus by k-mer analyses

Estimated size is ca. 2 Gbp k=73.

118,868,881
99,000,801 I
86,000,001
F7 000,801
66,800,861

55,808,881 k:73’ 2'079’028’389bp Freguency

33,000,800 k=33, 4,599,062,800bp

11,808,868

a

1 28 [39 58 7 96 115 134 153 172 191 218 229 248 267 286 305 324 343 362 381 400 419 438 457 476 495



Previous
Chloroplast tree

Kim et al. (2013)
10 chloroplast regions
= 9.2 Kbp
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Previous
Chloroplast tree

Kim et al. (2013)
10 chloroplast regions
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Previous
Nuclear tree

Nie et al. (2008)
Nuclear PHYA, LFY, GAIT
= 2.3 Kbp
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In this study, I

« We tried a genome-wide approach on the phylogeny

of Magnoliaceae with high-throughput

target-enrichment sequencing (Hyb-Seq) using NGS.




Overview of NGS based target-enrichment sequencing (Hyb-Seq) I

1. Detection of single-copy genes

Taxon A genome e — — — — ==
Taxon B genome e S———— - — — ===
Taxon C genome S S— = = _—
2. Probe desigp for single-copy genes

3. Shred genomes

Taxon A genome s =Bt B 3 E-BE-
Taxon B genome e Bt B e B
Taxon C genome I &—— g} B T3 B

4. Add taxon-specific index adaptors
5. Capture target fragments in each taxon and mix them

6. Run NGS

7. Demultiplexing

8. Assemble and alignment




Target-enrichment sequencing = Hyb-Seq = Targeted sequencing I

« Already have been applied in human exome sequencing.

» Tools for Hyb-Seq
- MarkerMiner (Chamala et al., 2015): detecting single copy-genes
- HybPiper (Johnson et al., 2016): mapping and alignment

» Recent publications

Animals

Prum et al. (2015). Birds. Nature

Breinholt et al. (2017). Butterflies. Systematic Biology

Plants

Mandel et al. (2016). Asteraceae. Applications in Plant Sciences

Schmickl et al. (2016). African Oxalis (Oxalidaceae). Molecular Ecology Resources
Stefan et al. (2017). Aristolochiaceae Molecular Phylogenetics and Evolution
Tamara et al. (2018). Euphobia (Euphobiaceae). New Phytologist

Global Carex Group (submitted). Carex (Cyperaceae).




Materials and Method I

Materials

130 taxa of Magnoliaceae
- Representatives of previously reported ALL subgroups of Magnoliaceae

(subgenera, sections, major clades)

Method

Target regions:

chloroplast whole genome (160 Kbp) + 504 nuclear single-copy gene regions (443 Kbp)
Capturing and NGS running: RapidGenomics Co.
- 32 Gbp of 100 bp paired-end sequencing using HiSeq3000
Extraction of othologos gene regions: HybPiper (Johnson et al., 2016)
Matrix combining and sequence statistics: MEGA (ver. 7.0)
Phylogenetic analyses: ML with 500 bootstrap using RAXML (GUI 1.5 beta)




Nuclear Target Regions for Hyb-Seq: 504 single-copy genes (443 Kbp) I

Preliminary assembly of Magnolia kobus (ver. 0.4): 1.91 Gbp

/ M. kobus SCGs based on gene clustering (tribe MCL; 1,772 genesN

1,400

\

\_

SCG: single copy gene

/

o

Shared SCGs (or low copy genes) among Arabidopsis, Populus, Oryza, and Vitis
(Duarte et al., 2010; 959 genes)




Results I

Chloroplast genome
* 130 magnolia cp genomes were COMPLETED (more than 1,000X)
- uncovered gaps: only 0.06 % (three regions)

—> later, completed by PCR-based Sanger sequencing
» Size of cp genome

- subfamily Magnolioideae: 159.1 Kbp (mean of 127 taxa)

- subfamily Liriodendroideae: 159.7 Kbp (mean of two taxa)

« Structural variations
- trnV-GAC deleted in M.liliiflora
- 299 bp deletion in M. acuminate
- 658 bp deletion in M. kobus i

* Aligned matrix: 136.4 Kbp A)‘

- Phylogenetically informative sites in Magnoliaceae: 6,014 (4.8%) d

- Phylogenetically informative sites in subfamily Magnolioideae: 4,984 (3.7%)



Summary of Chloroplast phylogeny (BS>50%)
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Results I

Nuclear regions

« 504 nuclear single-copy genes were determined.

(+ introns and adjacent intergenic spacer regions)

- Only 20 gene regions were analyzed in this talk
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Results I

Nuclear regions

« 504 nuclear single copy genes were determined.

(+ introns and adjacent intergenic spacer regions)

- Only 20 gene regions were analyzed in this talk

nuclear 20 gene regons Cp genome

aligned length (Kbp) 24 136

Magnoliaceae | Magnolioideae | Magnoliaceae | Magnolioideae
# of informative sites (bp) 4,255 3,514 6,014 4,984
% of informative sites (%) 17.8 14.7 4.8 3.7




Summary of nuclear phylogeny (BS>50%)
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Chloroplast vs. Nuclear (BS>50%)
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Strict consensus tree between cp tree and nuclear tree
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Taxonomic structures of possible classification systems proposed in Kim and Suh (2013)
based on the analyses of chloroplast 10 regions

Summarized

Genera and sections of Clade names relationships Proposed Froposed Proposed Proposed
Nooteboom (19835) recognized in this study ., this study system | systemn system lll system IV
Subfamily A Genus A
Michelia Genus A Genus A Subgenus A
Elmernilia Subgenus A Sect. A
M. sect. Maingola MICHELIA —— Sect. A Genus A Sect. A Subsect, A
M. sect. Alcimandra
M. sect. Aromadeodron
M. sect Yulania a
M. sect. Buergena "’
M. sect. Cylindrica YULANIA &+ —— i Sect. B Genus B Sect. B Subsect. B
M. sect Tiwdipastnim
Pachylarnax
M. sect. Manglietiastrum GYMOPODIUM  ___ | Sect. C Genus C Sect. C Subsect. C
M. sect. Gynopodium
Subgenus B Sect. B
M. sect. Magnalia THECRHODON —— Sect. D Genus D Sect. D Subsect. D
M. sect. Theorhodon
Subgenus C Sect. C
Kmernia KMERIA —— Secl. E Genus E Secl. E Subsect. E
i Subgenus C Sect. D
Manglietia MANGLIETIA — Sect. F Genus F Sect. F Subsect. F
i Subgenus D Sect. E
M. sect Oyama RYTIDOSPERMUM —— Sect. G Genus G Sect. G Subsect. G
M. sect. Rytidospermum
0 Subgenus E
M. sect. Rytidospemum FREASERI —— b Sect. H Genus H Sect H Subsect, H
Subgenus F
M. sect. Rytidospermmum MACROPHYLLA — Sect. | Genus | Sect. | Subsect. |
M. sect. Gwillimia Subgenus G Subgenus B
M. sect. Linanthe GWILLIMIA &+ —— Sect. Genus J Sect. J Sect. F
M. sect. Blumiana
d Subgenus H
M. sect Talauma TALAUMA Sect. K Genus K Sect K Sect. G
M. secl. Splendenfes
Subfamily B
Liriodendran LIRIODENDROM Genus B Genus L Genus B Genus B




Strict consensus tree between cp tree and nuclear tree

PhyloCode (Cantino and de Queiroz, 2010)
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SUMMARY

For 130 taxa representing all subgroups in Magnoliaceae, complete

chloroplast genomes and 20 nuclear DNA regions were determined.

Some conflict relationships were recognized between chloroplast tree and
nuclear tree suggesting possible ancient hybridization, especially between
ancestors of MICHELIA and YULANIA clades.

Highly supported clades from both chloroplast tree and nuclear tree were
named as EUMAGNOLIA and CORE EUMAGNOLIA based on the concept
of PhyloCode.

Target-enrichment NGS (Hyb-Seq) will be the standard method of future

phylogenetic studies. > Ultimate Phylogeny



Further studies

1) Evolutionary character reconstruction




Evolutionary character reconstruction

r

& Mesquite File Edit Characters Taxa&Trees Trace All Tree Analysis Window Help 21% (=] (100%)
'_e 886 Trace All Characters SZETS Tree Window 52 showing Stored Trees
Trace All Characters i [bﬁ‘;f?a-lrﬂﬁﬁm%mmeter‘s\{ModuIeQ\{Citations\ ]

Ancestral States: Tree #
Reconstructed Ancestral States (Parsimony Ancestral States) ! 4 g ]

using:
Stored Matrix: Bembidion matrix

Ancestral states are listed by character and by node on the tree. Node numbe

Char.\Node
character 1
character 2
character 3
character 4
character 5
character 6
character 7
character 8
character &
character 10
character 11
character 12
character 13
character 14
character 15
character 16
character 17
character 18
character 19
character 20
character 21
character 22
character 23
character 24
character 25
character 26
character 27 - T P - - e . :
character 28 Maodified from Tree "Untitled Tree® from trees "Untitled Trees Block™ of file 16c-TraceAllChars.nex [tre

character 29 . ok v

cha b
TEEE LIy i |e® Z

w1
o

24

(™)

T
i
i

[y

T
-

CHNOQOOHOOOQOOOOOHHFOOOOOHQOOH WRE R
CHNDOoOOHODOoOOOoOOOOHHODODODOFHNODOONMWRNERKN
CHNDQOHDOOOOOOHHDDOoOOHNMNDOODE RS

T




Family Magnoliaceae
Subfamily Magnolioideae
Tribe Magnolieae
Genus Magnolia
Subgenus Magnolia
Section Magnolia
Section Gwillimia
Section Lirianthe
Section Rytidospermum
Section Oyama
Section Theorhodon
Section Gynopodium
Section Maingola
Section Alcimandra
Subgenus Yulania
Section Yulania
Section Buergeria
Section Tulipastrum
Subgenus Talauma
Section Talauma
Section Blumiana
Section Aromadendron
Section Manglietiastrum
Genus Kmeria
Genus Manglietia
Genus Pachylarnax
Tribe Michelieae
Genus Elmerrillia
Genus Michelia
Subfamily Liriodendroideae
Genus Liriodendron




Terminal flower

Axillary flower

Family Magnoliaceae
Subfamily Magnolioideae
Tribe Magnolieae
Genus Magnolia
Subgenus Magnolia
Section Magnolia
Section Gwillimia
Section Lirianthe
Section Rytidospermum
Section Oyama
Section Theorhodon
Section Gynopodium
Section Maingola
Section Alcimandra
Subgenus Yulania
Section Yulania
Section Buergeria
Section Tulipastrum
Subgenus Talauma
Section Talauma
Section Blumiana
Section Aromadendron
Section Manglietiastrum
Genus Kmeria
Genus Manglietia
Genus Pachylarnax
Tribe Michelieae
Genus Elmerrillia
Genus Michelia
Subfamily Liriodendroideae
Genus Liriodendron




Unisexual flower

Family Magnoliaceae
Subfamily Magnolioideae
Tribe Magnolieae
Genus Magnolia
Subgenus Magnolia
Section Magnolia
Section Gwillimia
Section Lirianthe
Section Rytidospermum
Section Oyama
Section Theorhodon
Section Gynopodium
Section Maingola
Section Alcimandra
Subgenus Yulania
Section Yulania
Section Buergeria
Section Tulipastrum
Subgenus Talauma
Section Talauma
Section Blumiana
Section Aromadendron
Section Manglietiastrum
Genus Kmeria
Genus Manglietia
Genus Pachylarnax
Tribe Michelieae
Genus Elmerrillia
Genus Michelia
Subfamily Liriodendroideae
Genus Liriodendron




Anthers introrse

N

Anthers latrorse

Family Magnoliaceae
Subfamily Magnolioideae
Tribe Magnolieae
Genus Magnolia
Subgenus Magnolia
Section Magnolia
Section Gwillimia
Section Lirianthe
Section Rytidospermum
Section Oyama
Section Theorhodon
Section Gynopodium
Section Maingola
Section Alcimandra
Subgenus Yulania
Section Yulania
Section Buergeria
Section Tulipastrum
Subgenus Talauma
Section Talauma
Section Blumiana
Section Aromadendron
Section Manglietiastrum
Genus Kmeria
Genus Manglietia
Genus Pachylarnax
\ribe Michelieae
Genus Elmerrillia
Genus Michelia
Subfamily Liriodendroideae
Genus Liriodendron




Anthers

introrse

latrorse

introrse

Carpels; fruits

free; ellipsoidal

Family Magnoliaceae
Subfamily Magnolioideae
Tribe Magnolieae
Genus Magnolia
Subgenus Magnolia
Section Magnolia
Section Gwillimia
Section Lirianthe
Section Rytidospermum
Section Oyama
Section Theorhodon
Section Gynopodium
Section Maingola
Section Alcimandra
Subgenus Yulania
Section Yulania
Section Buergeria
Section Tulipastrum
Subgenus Talauma
Section Talauma
Section Blumiana
Section Aromadendron
Section Manglietiastrum
Genus Kmeria
Genus Manglietia
Genus Pachylarnax
Tribe Michelieae
Genus Elmerrillia
Genus Michelia
Subfamily Liriodendroideae
Genus Liriodendron







Diverse morphology of magnolia seeds




CHALAZAL TYPES
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Further studies

1) Evolutionary character reconstruction

Z) Re-investigation o genome size

3) Suggestion of a minimum set of genes
for phylogenetic or barcoding studies
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Ploidy Levels, Relative Genome Sizes, and Base Pair
Composition in Magnolia

J. Kevin Parris'
Department of Environmental Horticulture, Clemson University, Clemson, SC 29634

Thomas G. Ranney
Department of Horticultural Science, North Carolina State University, 455 Research Drive, Mills
River, NC 28759

Halina T. Knap
Department of Entomology, Soils, and Plant Sciences and Department of Genetics and Biochemistry,
Clemson University, 276 P&AS Building, Clemson, SC 29634

‘W. Vance Baird
Department of Horticulture, Michigan State University, A288 Plant & Soil Sciences Building, East
Lansing, MI 48824

Genome size estimation

Table 1. Summary of means and ranges for 2C, holoploid genome size (pg), and 1Cx monoploid genome size (pg) of Magnolia species grouped

by section and ploidy level.

Ploidy level*

Classification 2n=2x=38 2n=4x=176 2n=6x=114
Subgenus Magnolia
Section Magnolia (5/41%) 2C = 3.80°E* (3.43-4.40)" NY 2C=11.18 C (10.83-11.86)
1Cx = 1.90" (1.72-2.20)* 1Cx = 1.86 (1.81-1.98)
Section Gwillimia (4/6) 2C=5.32 A (5.10-5.63) N N
1Cy = 2.66 (2.41-2.82)
Section Rhytidospermum (5/18) 2C =4.27 CD (3.66-4.69) N N
1Cx = 2.14 (1.83-2.35)
Section Manglietia (10/17) 2C =4.87 B (4.65-5.25) N N
1Cx =2.44 (2.33-2.63)
Section Macrophylla (1/5) 2C =4.57 BC (4.41-4.87) N N
1Cx =2.28 (2.21-2.44)
Section Auriculata (1/3) 2C =3.83 E (3.74-3.96) N N
1Cx = 1.94 (1.87-1.98)
Section Kmeria (1/1) 2C=5.51 A (5.51-5.51) N N

Subgenus Yulania
Section Yulania (14/43)

Section Michelia (17/31)

Subgenus Gynopodium
Section Gynopodium (2/3)

Section Manglietiastrum (1/1)

Genus Liriodendron (2/2)

1Cx = 2.76 (2.76-2.76)

2C =4.05 DE (3.84-4.26)
1Cx =2.02 (1.92-2.13)

2C =4.56 BC (4.234.92)
1Cx =2.28 (2.11-2.46)

N

2C=421D(4.21-4.21)
1ICX =2.11 (2.11-2.11)

2C=3.41F (3.35-3.47)
1Cx = 1.71 (1.68-1.74)

2C = 8.56 A (8.08-9.34)
1Cx = 2.14 (2.02-2.34)
N

2C=12.68 A (11.49-13.47)
1Cx = 2.11 (1.92-2.25)
N

2C=11.93 B (11.57-12.50)
1Cx = 1.99 (1.93-2.08)
N




PROTOCOL |

Estimation of nuclear DNA content in plants using
flow cytometry

Jaroslav Dolezel2, Johann Greilhuber® & Jan Suda®’

!Laboratory of Molecular Cytogenetics and Cytometry, Institute of Experimental Botany, Sokolovska 6, CZ-77200 Olomouc, Czech Republic. 2Department of Cell Biology
and Genetics, Palacky University, Slechtitelii 11, CZ-78371 Olomouc, Czech Republic. *Department of Systematic and Evolutionary Botany, Faculty of Life Sciences,
University of Vienna, Rennweg 14, A-1030 Vienna, Austria. ‘Department of Botany, Faculty of Science, Charles University in Prague, Benatska 2, CZ-12801 Prague,
Czech Republic. *Institute of Botany, Academy of Sciences of the Czech Republic, Prithonice 1, CZ-25243, Czech Republic. Correspondence should be addressed to J.D.
(dolezel@ueb.cas.cz).

Using a proper standard plant is a key to estimate precise genome size in flow cytometry
Parris et al. (2010) used just one internal standard (Psium sativum; 2C=0.09)

TABLE 2 | DNA reference standards recommended for the estimation of
Genome size of M. kobus: nuclear DNA amounts in absolute units.
1.4 Gbp in this study 2C DNA content
2.0 Gbp in Parris et al. (2010) Plant species and cultivar® (pg DNA)P

Raphanus sativus L. ‘Saxa’ 32 1.11
Recognition of genome size Solanum lycopersicum L. ‘Stupické polni rané’ 32 1.96
|S Very |mportant for the Glyane max Merr. ‘Polanka’ 46 2.50
selection of taxon for future Zea mays L.'CE-777"% 5.43
intensive genome Pisum sativum L. Ctirad’ 33 9.09

‘Dar 4733

sequencing Sgcgle cereale L. Da?kovske 16.19

Vicia faba L. Inovec’ 2 26.90

Allium cepa L. Alice’ 33 34.89

3Seeds may be obtained free of charge by contacting the corresponding author at dolezel@ueb.cas.cz.
b2C DNA contents were determined using human leukocytes (2C = 7.0 pg) as a primary internal
reference standard. Note: An alternative set of DNA reference standards was used by Johnston and
co-workers*4,



Further studies

3) Suggestion of a minimum set of genes
for phylogenetic or barcoding studies




Suggestion of a minimum set of genes
for phylogenetic or barcoding studies
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* In case of Carex Hyb-Seq study, we
successfully extracted 10 best
nuclear regions showing 80% of 0.9
clade-resolution compare to total
gene (340 genes) analysis.

- We may suggest a set of the best e
regions for the studies of additional
taxa.
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