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Basic concepts and Hierarchy
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Define the overall plot style

import matplotlib as mpl
import matplotlib.pyplot as plt

plt.style.use(“my_style.style”)
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Basic setup

# font settings
font.size: 14
font.family: Arial

# grid setting
axes.grid: True
grid.linestyle: --
grid.linewidth: 0.8
grid.alpha: 0.75

# global axes
axes.labelsize: 14
axes.titlesize: 16
axes.linewidth: 2.0

# figure.autolayout: True

# legend settings
legend.fontsize: 14
legend.frameon: False
# legend.fancybox: True
legend.facecolor: 'none’
legend.edgecolor: 'none'

Default plots
lines.linewidth: 2.0

# error bars
errorbar.capsize: 2

# bar plot
patch.linewidth: 1
patch.edgecolor: ‘white’

# other options

xtick.labelsize: 14
ytick.labelsize: 14
xtick.direction: in

xtick.major.size: 8
xtick.major.pad: 8
ytick.direction: in

ytick.major.size: 8
ytick.major.pad: 8

mathtext.default: regular



Practices for overall style control

What to do in your style file:
1. Figure-level: default font family and size
2. Axes-level: linewidth, label/title font size, legend properties, grid properties
3. Axis-level: ticks label size and pad, direction, visibility

What you should not:
1. very specificalized settings that can only be determined according to your data

However, sometimes we do want to override the default style settings:

# Change default line width and color
plt.rcParams['lines. linewidth'] = 2
plt.rcParams['lines.color'] = 'blue’



Subplots layout control

There are three ways to control the whole layout (spacing, padding and positions etc.).

1. quick and dirty but works really well for most cases: (when you are using subplot/subplots)
plt.tight_layout()

2. Combine GridSpec + constrained_layout [Most Recommended]

3. Combine subplots_adjust with GridSpec or subplots [Global control; Recommended]

Python

fig.subplots adjust(left=0.1, right=0.95, top=0.91, bottom=0.09)



tight _layout()

without tight_layout() with tight_layout()
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Internally, tight_layout() will calculate the locations of all Artists based on their constrained
Caveat: constraints have priorities and tight_layout() can be un-deterministic
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GridSpec for complicated layout

tight_layout()

constrained_layout=True
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(automatically adjust wspace, hspace &
left, right, top, bottom)

Personal favorite

matplotiib.pyplot as pit
atplotlib.gridspec as gridspec

t.figure(figs

ratios=[4,1]), helght rati
add
add S

add

fig
fig
fig
fig.

gs.tight layout(fig)

plt.show()

matplotlib.pyplot as plt
matplotlib.gridspec as gridspec

plt.figure(figs =(8,6), constrain layout

gridspec.GridSpec(2, width ratios
bplot{gs{
subplot(gs|

subplot(gs|

figure=fig,
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More controls in GridSpec

more keyword arguments in GridSpec

fig = plt.figure(figsize=(12, 10), constrained layout=True)
s = gridspec.Grid (

nrows=3,

ncols=3,

figure = fig,

height ratio=[6.6, 1.0, 0.6],
hspace=0.4,

wspace=0.3,

left=0.1,

ri ?.=G.95.

top=0.91,

bottom=0.09
)
ax6 = fig.add subplot(gs[O, 8])
axl = fig.add subjg (gs[o, 11)
ax2 fig.add subplot(gs(®, 2])
ax3 = fif t(gs[l, :2))
ax4 = fig.add subplot(gs[l, 2])
ax5 = fig.add subplot(gs(2, :])

LLR

o+
L]

oz

Further splitting of a grid block

gs_split.py
1§ matplotlib.pyplot as plt
2 matplotlib.gridspec as gridspec

fig = plt.figure(figsize=(8,6), constrained layout=True)
gridspec.GridSpec(2, 2, figure=fig, width ratios=[4,1], height ratios=[1,4])
= fig.add subplot(gs[o, 6])
rd fig.add subplot(gs(e, 1])

fxg:Qdd 3ubp1§t(gs[.. 1])

button gs = gridspec.GridSpecFromSubplotSpec|

subplot spec=gs[l, 0],
hspace=

fig.add subplot(button gs[e, 0])
fig.add subplot(button gs[1, ©])

.show()

ax1 (gs[0, 0]) »s{ ax2 (gsfo, 1]) ax1 (gs[0, 0]) «ax2 (gs[0} 1])
ax5 (button_gs|0, 0])
ax3 (gs[1, 0]) ax4 (gs[1, 11) w | ax4 (gs[1, 1])
ax6 (button_gs[1, 0])



Advanced topic: Dimension and Resolution

figsize: usually in the unit of inches (1 inch = 2.54 cm)
plt.subplots(2, 2, figsize=(8,6))
# determine the physical size of the figure

Orientation Landscape -~

. ) _ ) Resolution ixels 1920 = 1200(16:10) ~
resolution: dpi (dots per inch) and pixels P

plt.savefig(‘tmp.png’, dpi=100) nefresh Rate 0.5 Hr
# for fixed inches, more dpi means higher resolution

Scale 100 % 200 %
# in your screen
the figure will be shown in (800, 600) pixels (=dpi*inches)
# Visually, the figure size is determined by your PC resolution

Fractional Scaling

Advice for determining your figure size for publications (if size restrictions do apply)
1. determine the physical size in inches (referring to page size, A4 or A5, also margins)
2. use high dpi values for high resolution (suggested: 300 or 600)



Advanced topic: Coordinates system

(OOO Figure coordinate systems (Cartesian projection) ]

14 - . Data coordinate (DC): in data units
' S Normalized data coordinate (NDC) (0,0) — (1,1)

_ Figure coordinate (FC): in pixels
: Normalized figure coordinate (NFC) (0,0) — (1,1)

J Data Coordinates
] rprrmalized (MDC) or native (D5

Why is it important to know?
1. some arguments may use NFC

- gs = gridspec.GridSpec(
: nrows=3,
ncols=3,
o figure = fig,
1 HDC 0 FDE D, -1) height ratio=[0.6, 1.8, 8.6],

=1 'ih*-rrrrrrrrmﬂﬂﬂ-rrﬁ-rﬁ—rrrrrm |-|5|]_-,:,:_=|:|_4|

0 Figure Coordinates 360 wspace=0.3,

FC 10,00 / NFC (0,00 narmalized (NFC) o native (FC) left=0.1,
right=0.95,
top=8.91,
bottom=08.089

-

1. For precisely control locations of annotations

test theses functions on some specific points (corners)

Axes.annotate(text, xy, xytextzr.'&ne,|xycnards=‘;.lam', Fextcoardszh‘une,

arrowprops=None, annotation_clip=None, **kwargs) [source]



Advanced topic: Annotations

' Connections
matplotlib.patches Shapes
angled, Ay, angle e bar,
angleA=g0, rad =0 angleds-90, angled=-50, fraction=0.3
boxstyle default parameters boxstyle default parameters angle8 =0 :»;::45-:_ :‘.;’;E;E-
8= 30,
. . - :-:_l:l L
ConnectionStyle pad=0.3 pad=0.3 V. r .. . .,
Eaxi-tyle Bhgled, el angle, aig bar,
nﬂq:e; -gb ad=0.3 m::g-l'ﬁ!: aqu::;'gﬂ. Fractssf=-03
pad=0.3 pad=0.3 i wgleB=100. | angiel =0
: rounding_size=MNone armE= 30,
fad=5
Aurtist
_ : pad=0.3 :
pad=0.3 round4 rounding_size=None
a3, angle, AL, bair,
rad=-0.3 angles=-00, angled =90, angle= 180,
d=0.3 M;Ie:l:ll}_ am;':ﬂ-;l: fractson=-02
_ pad=0, rads= armimi,
pad=0.3 tooth_size=None :;"_’D" 40,
- : pad=0.3 .- . :
pad=0.3 roundtooth toath_size=None
Connecton shyles for anno
Circle
python & Copy ¥ Edit

circle = patches.Circle((2, 2), radius=1, color='green', fill=True)
ax.add_patch({circle)

https://matplotlib.org/stable/users/explain/text/annotations. htmMi#coordinate-systems-for-annotations



Advanced topic: Annotation

Point A
Point B
Point C
Point D
Point E

-
-

~——
~—~——
~~~~~

b

https://github.com/rougier/scientific-visualization-
book/blob/master/code/ornaments/annotation-
side.py

Annotations:
1. ax.text: text annotation
2. ax.annotate(): text annotation
3. patches: circles, rectangles, polygons etc

https://github.com/rougier/scientific-visualization-
book/blob/master/code/ornaments/annotation-
zoom.py

Point D Point C Pont B Point A

Point E

ax.text(
1.1,
0.5,
"Point " + chr(ord("A") + i),
rotation=90,
Size=8,
ha="left",
va="center",
transform=ax.transAxes,)

using NDC



Guess what kind of practices | used for the following

GridSpec for grinding subplots

mplstyle: global control for (use constrianed_layout)

font, grid, ticks P1-P4 in lower densities 19ure.suptitle _
ATP-free CheA ATP-bound CheA ax.set_title
180 . 180 =
150 | 150 | -3
------ >mode 1 10

120 | 120 | ;
© © 2 ax.text
2 90 | 2 90 | € (ax.transAxes
& é >mode 2 10_4 8 ( )

60 |- 60 |

30 | 30 |

0 |- i - | | 0 - i 10-5
10 20 30 40 50 60 10 20 30 40 50 60
Distance (A) Distance (A)

rectangle patches ConnectionPatches
(ax.transData) (for the arrow)
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Lastly, use Jian’s package & check some samples

Use seaborn Line Plot y Scater Piot
“ ” = 0 -
Use the “plot” module from EnsembleAnalysis ‘ » .
https://github.com/huangjianhuster/EnsembleAnalysis ” os ,
00 - ]
a4 - '
Use Jian’s mplstyle: i [ 02
https://github.com/huangjianhuster/toolbox/tree/main/plot B e Y T v R T T
Bar Plol Error Bar Plol
Lastly, for manuscript figures: of -l
1. plot all elements using matplotlib (doable but sometimes can be lots of work for of aso |
annotations, images, alignments etc.) . =
2. plot each subplots individually and use PPT or Al to further adjust it. (alignment; ol
. . . . . . 0 : : -
format-rich annotations etc.) However this should be as minimal as possible. A e B
N Custom Contour Levels (Histogram Method)
M P1-P4 in lower densities
| ) ATP-free CheA ATP-bound CheA
| & 0020 180 — 180 - =
1 | [ | oo . o
\* I' \.L// 0030 _.:‘g 4 190 I- 2T - —=mewamode 1 10"3
“./ s , 2L 120 |- 120 |
o 2 4 f: ; '.'3 I-J e 20 40 0 80 100 ’ % % %‘
. " len 9% [ 9% - £
‘3 10 : & & & 5 — o080 2 10-4 8
; - 30 | 30 | 24
-3 3 0 1= ! 0 I 1 ‘|0-S
woi »*F g QT 10 30 40 50 60 0 20 30 40 50 60
: il PP : o ~ Distance (A) Distance (A)


https://github.com/huangjianhuster/EnsembleAnalysis
https://github.com/huangjianhuster/toolbox/tree/main/plot

Sl: Animation

Seq: SSORDRDRDRDRDRDRDRDRDRERRRDDDSRRDRDRDRDRDRGDSSRRDR (len=50)

RMSD-Loss dist_map loss = 5.94e-04 dihedral loss = 1.92e-04
4 |- Tl o Dmphes o ODhelss| 60 o MAE=6305¢-01 5| ® MAE=6.305e-01
= 5
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o - O - .
2 2| et s o - £ GridSpec
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‘ ﬂ iy Annotation
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0 1 2 0 20 40 60 -5 0 5 3D plOt
Loss 1e~3 distances(A) dihedrals(rad) S I .
ider
—e—MD-ref —e—Reconstruct 2 |- MD-ref AnlmatIOn
Reconstruct
= 2 |
<
o
© 1 "
g 15| | (will not be covered here...Happy to
= N . " .
G s = discuss in private)
10 |
5 -
0 { :I
2 3 4 5
Ca-Ca distance (A)
Sample | 0 [Sn|[Stop |[Pause]Restar]

#aeEd> Q=



Thank you.
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