Supplemental Figure Legends

Figure S1. A bifurcated phylogenetic tree of 111 plant species. The order or plant group nhames

are provided at each indicated node. The complete species names can be found in Table S1.

Figure S2. CTT annotation summary of FBX genes in 111 plant genomes. (A) A stepwise
number comparison of sequences identified through the CTT annotation process. “Pseudo”,
“New” and “Prior” indicate FBX pseudogenes, newly annotated FBX loci and previously
annotated FBX loci, respectively. (B) Correlation of the number of sequences identified in the
different steps of the CTT annotation. (C) Correlation of genome size with the number of FBX

loci in the three different groups listed in (A) in 111 plant species.

Figure S3. Statistical modelling of variation in the number of FBX genes in plant genomes.
Black and cyan lines represent the empirical and expected data, respectively. The statistical
model indicated in each panel was the best fitting model calculated using the “fitdistrplus” R
package. The Kolmogorov—Smirnov test result is included in each panel to show the goodness-
of-fit of the statistical model. Dashed red and green lines indicate the mean and mode number
of FBX genes per genome, respectively. (A) Density curves of the number of FBX genes per
plant genome in Clusters 1 and 2. (B) Density curves of the number of FBX genes per plant

genome in Clusters 3 and 4.

Figure S4. Comparison of the lineage-specific expansion of FBX genes with total angiosperm
gene families. (A) Number of FBX subfamilies in Clusters 1 and 4. (B) Number of lineage-

specific and core angiosperm gene families.

Figure S5. Comparison of the number of different groups of FBX genes in 111 plant genomes.
(A) Variation in the number of FBX gene superfamilies across 111 plant genomes. The solid
blue line, gray shaded area, and bars with yellow, light green, orange, dark green, gray and
cyan colors are as described in Figure 5. (B) Correlation of the number of orphan FBX genes

with other groups of FBX genes in 111 plant genomes.

Figure S6. Statistical modeling of the number distribution of total, homologous and orphan FBX
genes. Black and cyan lines represent the empirical and expected data, respectively. The

statistical model indicated in each panel was the best fitting model calculated using the



“fitdistrplus” R package. The Kolmogorov—Smirnov test result is included in each panel to show
the goodness-of-fit of the statistical model. Dashed red and green lines indicate the mean and
mode number of FBX genes per genome, respectively. (A) Total number of FBX genes per
genome. (B) Number of homologous FBX genes per genome. (C) Number of orphan FBX

genes per genome.

Figure S7. Analysis of the role of three WGD events in contributing to the complete set of FBX
duplications in 27 flowering plants. The species belonging to five groups of flowering plants are
labeled with one character as follows, B: Brassicales; G: Gossypium raimondii (Grai); M: Musa
acuminata (Macu); P: Poaceae; R: Rosids. The result of »? goodness-of-fit data is provided to

demonstrate the fitness of the observed data to the indicated power-law curve.

Figure S8. Analysis of the role of three WGD events in contributing to FBX duplications in four
different clusters in 27 flowering plants. The letter code for the five groups of flowering plants is
as indicated in Figure S7. The result of 3 goodness-of-fit data is provided in each panel to
demonstrate the fitness of the observed data to the indicated power-law curve. The four
clusters of FBX genes are described in Figure 3A. (A) Cluster 1. (B) Cluster 2. (C) Cluster 3.
(D) Cluster 4.

Figure S9. Differential contribution of homologous and orphan loci in expanding the size of the
FBX gene superfamily in 111 plant genomes. The solid blue line, gray shaded area, and bars
with yellow, light green, orange, dark green, gray and cyan colors are as described in Figure 5.
(A) Proportion of the total number of homologous FBX genes per genome. (B) Proportion of the
total number of orphan FBX genes per genome. (C) Proportion of Cluster 1 homologous FBX
genes per genome. (D) Proportion of Cluster 2 homologous FBX genes per genome. (E)
Proportion of Cluster 3 homologous FBX genes per genome. (F) Proportion of Cluster 4

homologous FBX genes per genome.

Figure S10. Correlation of the species tree matrix with FBX subfamily sizes for the four clusters
of FBX genes in each plant genome. The species matrix was converted from the species tree
using the “phytools” R package. The dendrogram of each data matrix was created using the
“dist” (method = "manhattan") and “hclust” (method = "ward.D2") functions in the “gplots” R
package. The spearman’s dendrogram correlation was calculated using the “dendextend” R

package.



Figure S11. Statistical modeling test of SCPs in Cluster 4 subfamilies. Three different statistical
models constructed using the “fitdistrplus” R package are shown to model the distribution of
SCP values. (A) The histogram of observed data is plotted against three fitted density
functions. (B) The empirical cumulative distribution (black dots) is plotted against three fitted
distribution functions. (C) The empirical quantiles are plotted as functions of theoretical
quantiles of three fitted models. (D) The empirical probabilities are plotted as functions of
theoretical probabilities of three fitted models. The Kolmogorov—Smirnov test results are

included to show the goodness-of-fit of three statistical models in (B).

Figure S12. A normal distribution of SCPs in Cluster 3 subfamilies. The model was constructed
using the “fitdistrplus” R package. Black and red lines indicate the empirical and expected
distribution of SCP values, respectively. The Kolmogorov—Smirnov test result is shown to

demonstrate the goodness-of-fit of the model.

Figure S13. An enlarged view showing the hc clustering of Cluster 4 FBX subfamilies and the
interaction of CAFs with ASK1. The CAF proteins demonstrated to interact with ASK1 in
previous literature or in this work are shown blue and red, respectively. The untested
subfamilies are highlighted in black. The asterisks indicate CAF proteins that have been
confirmed to interact with ASK1 in both previous literature and this work. The two arrowheads
indicate subfamilies that are absent in Arabidopsis. The color code of the side bar is as
described in Figure 8A. The accession number of each CAF protein, and the corresponding

references describing their interactions with ASK1, can be found in Table S2.

Figure S14. Enrichment assay of known Arabidopsis FBX genes in four different clusters. The

p-values were calculated based on Fisher’s exact test for the indicated pairs of datasets.



Hua, 2020; Figure S1

Chlotophytes IE

rC

P.umbilicalis
O.lucimarinus
M.RCC299
M.CCM
B.braunii

C.subellipsoidea.C—169

C.zofingiensis
D.salina
V.carteri
C.reinhardtii
M.polymorpha
S.magellanicum
S.fallax

L P.patens

Poaceae

Panicoideae

Basal Eudicots

Superasterids

Saxifragales

Basali Rosids

Fabales E

Malpighidales

S.moellendorffii
A.trichopoda
N.colorata
C.kanehirae
S.polyrhiza
Z.marina
D.alata
A.officinalis
M.acuminata
A.comosus
O.sativa
T.aestivum
H.vulgare
B.hybridum
B.stacei.
B.sylvaticum
B.distachyon
O.thomaeum
M.sinensis
S.bicolor
Z.mays
P.virgatum
P.hallii
S.viridis
S.italica
A.coerulea
A.chondriacus
C.quinoa
D.carota
L.sativa
H.annuus
O.europaea
M.guttatus
S.tuberosum
S.lycopersicum
K.fedtschenkoi
K.laxiflora
V.vinifera
E.grandis
A.hypogaea
C.arietinum
T.pratense
.truncatula
V.unguiculata
P.vulgaris
G.soja
G.max
C.sativus
F.vesca
P.persica
M.domestica
R.communis
M.esculenta
L

Basal SMB
Sapindales —

T

Malvales

-
L

—

5

Brassicales

ol

)

. num
S.purpurea
P.trichocarpa
P.deltoides.WV94
C.citriodora
A.occidentale
C.sinensis.
C.clementina
T.cacao
G.hirsutum
G.darwinii
G.barbadense
G.tom

G.mus

G.rai
C.papaya
E.syriacum
D.strictus
L.annua
l.amara
E.salsugineum
T.arvense
C.amplexicaulis
S.pinnata
M.perforliatum
I.tinctoria
C.maritima
C.hispanica
B.oleracea.capitata
B.rapa.FPsc
S.alba
E.vesicaria
R.islandica
L.tivum
A.linifolium
D.sophioides
A.halleri
A.lyrata
A.thaliana
B.stricta
C.rubella
C.grandiflora
M.maritima
C.violacea



Poaceae

Hua, 2020; Figure S2

A

Brassicales

Malvales

Sapindales
Basal SMB

Malpighidales

Fabales

Basal Rosids
Saxifragles

Superasterids

Basal Dicot

Panicoideae

Pooideae

Basal Monocot

Basal Flowering

Basal Land

Chlorophyte

Outgroup

11 1 | e |

el | o |

Cvio
Mmar
Cgra

Ahal
Dsop

New FBX -
Pseudo
In-frame
Trimming
tBLASTN

600 —

p=0.5, p-value=2.9e-8

500
400

300
Log,(count)

200
15

100 +

Number of New FBX Loci

10

5 3000

2500 p=0.25, p-value=7.7e-3
2000
1500 — . .

1000 —

Number of Prior FBX Loci

3000 1 0=0.31, p-value=8.3e~4
2500 .
2000 .

1500

Number of Total FBX Loci

Genome Size (bp)

Gene HMMER
Wise -Pfam



Hua, 2020; Figure S3

05— Dinorm=0.73,
. | p-value < 2.2e-16

04—
|

03—
|

Density

0.2-
|

0.1 -

Number of Species

Dweipun=0-20,
0.06 — p-value = 0.03 |

0.04 -

Density

0.02 -

...

60 80 100

Number of Species



Hua, 2020; Figure S4

Number of FBX Subfamilies

6000 —

5000

4000

3000

2000

1000

Cluster 1

[ |
Cluster 4

Number of Angiosperm Gene Families

70000

60000

50000

40000

30000

20000

10000

Lineage
specific

Core



Hua, 2020; Figure S5

A
3000
7]
Q
c
[
O 20004
x
m
[T
C
o
@ 1000 -
Ke)
£
=
z
04
Species
B

p

0.20.4060.8 1.0 |:|—|

All

Clueter 1
Orphan

Cluster 4
Cluster 3

Cluster 2



Hua, 2020; Figure S6

A

Density

Density

Density

0.0015 — | 5"52’/%283?3
0.0010 —
0.0005 —
0.0000 — ‘"
|

0 1000 2000 3000

Number of FBX genes per genome

D yeibun= 0-06,

0.0015 — p-value = 0.75
0.0010 — l

0.0005 — |

0.0000 — |‘

| | | |
0 1000 2000 3000

Number of FBX genes per genome

0.015 — |

D Inorm = 0.16,

| p-value = 0.03
0.010 —
0.005 —
0.000 —

| | | | | |
0 100 200 300 400 500

Number of FBX genes per genome



Hua, 2020; Figure S7

100 x2=37;p-value =095 @ Recent WGD
- e K-pg boundary WGD
X A Ancient WGD
g 807 o
$ R
» o
5 60+ B
o R P
»
8 R F‘B BB R R R R
= 40 - RP
-
(] R P B
c RB
L R
8 204 R
2 R
' R P p D
Mo R b BG pP P
0- BRgP R
T T T T T T 1
0.0 0.5 1.0 1.5 2.0 2.5 3.0

Ks-based WGD age



Hua, 2020; Figure S8

(21]

<

0.99

6.8; p-value

x2=

100 —

0.93

3.3; p-value

x2=

I
=}
@

60 —

40

20 —
0

(%) so10adg 1ad sgop Jo uonoeiq

m Recent WGD

K-pg boundary WGD

A Ancient WGD

<4
4o
440
1 Qo
4o
4o
<
qefx ann.

100 -

I
o
5}

60 —

40

(%) so10adg 1ad sgop Jo uonoei4

3.0

1.0 15 2.0 25
Ks-based WGD age

0.5

0.0

0 15 2.0 25 3.0
Ks-based WGD age

0.5

0.0

(a]

(&)

~
@
o
1
o
3 dx
2
&
= <«
b ABA <o
A__w <0
~ <oqx °
> e
<x
<
4=
[ N4
.B.P
<
o
T T T T T 1
o o o o o o
o [=<} © < N

(%) sal0adg 1ad sgop Jo uoioea4

=0.97

; p-value

> x2=48;

100

T
o
©

60 —

40

20

(%) sa10adg sad sgoM Jo uonoeiy

3.0

25

20

1.5

1.0

0.5

0.0

3.0

25

20

1.5

1.0

0.5

0.0

Ks-based WGD age

Ks-based WGD age



Hua, 2020; Figure S9

<

(1e303 j0 9%) dnoug ay} jo uiopiodoid

1.00

0.754
0.50
0.25+

(1e303 j0 %) dnoug ay} jo uiopiodoid

Species

Species

(1303 Jo %) dnouo ayj} jo uronsodoad

T T T
@ © s
[S) o [S]

0.2+

(1303 J0 %) dnouo ayj3 jo uroniodoad

Species

Species

T T
© <
(=] =]

0.2+
0.0

(1e303 j0 %) dnoug ay} jo uoiodoid

0.20 H

0.15 4
0.104
0.05 -
0.00 4

(1e303 jo %) dnoug ay} jo uloiodoid

Species

Species



Hua, 2020; Figure S10

o9
&
&
)
~N
'S
b
Species S
P S

N

2

N
Cluster 1 |> ‘ S

(&)
N
D
Cluster 2 C}Q
&V
2
N
Cluster 3 O |> Q ' S
O

Cluster 4 17 17 l7 l>

|
|

-1 -08-06-04-02 0 02 04 06 08 1

Spearman’s p



Hua, 2020; Figure S11

A

Density

CDF

0.005 0.010 0.015 0.020 0.025

0.000

0.2 0.4 0.6 0.8 1.0

0.0

Histogram and theoretical densities

—— Weibull

- = normal
---- logis

20 40 60

Single Copy Rate (% of species)

Empirical and theoretical CDFs

Dyeipunn = 0.09, p-value = 0.8
Dporm= 0.10, p-value = 0.7
Diogis = 0.14, p-value = 0.3

— Weibull

normal
logis

T T T
20 40 60

Single Copy Rate (% of species)

Empirical quantiles

Empirical probabilities

60

40

20

1.0

0.8

0.6

0.4

0.2

0.0

Q-Q plot

0o ®o o

o Weibull
© normal
o logis
T T T T T T
0 20 40 60 80 100
Theoretical quantiles
P-P plot
8
g8
° gso%”
el
o&eif
ng
!"@
838 §
°o°n‘ 8
o ©
©4 08748
8 o4
&o,
L 2
) o Weibull
o normal
o logis
T T T T
0.2 0.4 0.6 0.8

Theoretical probabilities




Hua, 2020; Figure S12

2 7 D porm = 0.11
p-value =0.79

D Cluster 3

Number of Subfamilies

0 25 50 75 100

Single Copy %



; Figure S13

Hua, 2020

Copy Number

0 5 1015 20 2530 35

Intermediate

Multi-copy

98- Lsyxoef o s B o3 UB50x. Q%2 vEx5i30_8
T 8885353552552 B eREREREER g5 8 8T ElaE
528Pr5E8 8853338053683 8 8685 2RnS ST 86T ES
" =
]
|
[ ]
| ]
|
I |
|
||
" =
|
|
J =
. “
| |
] [ ]
n - - | & |

[$23
-0 Ly [ Sofocrnen? 5080pg==wm S o= = = =8 L R 600=2
RS AR R S T R R I A e R A kR et
3= 2 TE X =~ =T =9 S =
28538885838 S3S3 SR 3T 2838838585208 8888 658 8B AT 6660 S 0G5 S84
u
- |
| | u
|
|
|
|
|
|
| HE
u u
|
|
u
|
|
| |
|
| |
|
-
|
| |
| =
|
5 ... {.
.. |
.- | |
| |
| -

o -

| |
Y "l

9dIN
gzroionouno 4
LE[0TaNOMO

* 0dn

660012NOuHO
28104 ¥
AP
01280911V
L 10TQWoyHo
1 LOTONOYHO
* /dgd
60010NOouHO
* ¢ZdIS

*

900 TOINOYHO

€007TOWouuo

* L2dINS
8700 10WoUHO
1'06229911Y
1di3
0600710WOuHO

* 7S8d _

* 69Y04 WV

* dId
2010T0WoyHo

* g4

* MO

* 061043V

* 28504 WV
ONOTS

* 20904 W

*
a
s
<

*
9
2
o

*
{a}
=,
|

/10711a1avYY
1001OWoyHo

Did/edi111z
E
VidiL
* 1LdINS'60504 IV
FZINS
€-183v/LuIL




Number of FBX Genes

Hua, 2020; Figure S14

p=21e-20
p=17e-18
p=7.1e-04
p =1.8e-03
p =9.4e-03

[ known
250 [ unknown
200
150 —
100
50
. ]

Cluster 1 Cluster 2 Cluster 3 Cluster 4




	Supplemental Figure Legends
	Figure S1
	Figure S2
	Figure S3
	Figure S4
	Figure S5
	Figure S6
	Figure S7
	Figure S8
	Figure S9
	Figure S10
	Figure S11
	Figure S12
	Figure S13
	Figure S14

