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https://www.10xgenomics.com/datasets/3-k-pbm-cs-from-a-healthy-donor-1-standard-1-1-0
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library(Matrix)
library(dplyr)
library(tidyr)
library(ggplot2)

library(scales)

data_dir <- file.path(path.expand("~"), "biof3-data", "pbmc3k")

matrix dir <- file.path(data dir, "filtered gene bc _matrices", "hgl9")

pbmc_url <- paste0(
"https://cf.l0xgenomics.com/samples/cell-exp/1l.1.0/pbmec3k/",
"pbmc3k_filtered gene bc_matrices.tar.gz"

)
pbmc_tar <- file.path(data_dir, "pbmc3k filtered gene bc matrices.tar.gz")

dir.create(data_dir, recursive = TRUE, showWarnings = FALSE)

if (!file.exists(pbmc_tar)) {

download.file(pbmc_url, destfile = pbmc_tar, mode "wb")

if (!file.exists(file.path(matrix_dir, "matrix.mtx"))) {

untar (pbmc_tar, exdir = data_dir)

counts <- readMM(file.path(matrix dir, "matrix.mtx"))
genes <- read.delim(file.path(matrix dir, "genes.tsv"), header = FALSE)

barcodes <- read.delim(file.path(matrix_dir, "barcodes.tsv"), header = FALSE)

rownames (counts) <- make.unique(genes[[2]])
colnames (counts) <- barcodes[[1]]

counts <- as(counts, "CsparseMatrix")

IR ERMEREMKERE:
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mt_genes <- grepl(""MT-", rownames(counts))

gc <- data.frame(
cell = colnames(counts),
nCount_RNA = as.numeric(colSums(counts)),

nFeature RNA = as.numeric(colSums(counts > 0)),
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percent mt = as.numeric(colSums(counts[mt_genes, , drop = FALSE]) / colSums(counts) * 100)

gene_summary <- data.frame(
gene = rownames (counts),
total_counts = as.numeric(rowSums(counts)),
detected cells = as.numeric(rowSums(counts > 0))
) %>%

mutate(mean_counts = total_counts / ncol(counts))

marker genes <- c¢("IL7R", "CCR7", "S100A8", "S100A9", "MS4Al", "CD79A",

marker genes <- marker genes[marker genes %in% rownames(counts) ]

marker long <- bind rows(lapply(marker genes, function(gene) {
data.frame(
cell = colnames(counts),
gene = gene,
counts = as.numeric(counts[gene, ]),

log counts = loglp(as.numeric(counts[gene, ]))

)
1))
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genes <- marker_genes[1l:4]

expression <- gene_ summary$total counts[match(genes, gene_summary$gene) ]
genes|[1]

expression > median(expression)

mean (expression)

EIEHE
BIRIESR RS, BREGOTHERE LNBIERS.

BioF3
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gene_data <- gene_summary %>%
filter(gene %in% marker genes) %>%

select(gene, total counts, detected cells, mean_counts)
head(gene_data)

str(gene_data)

summary (gene_data)

YR

gene_datas$gene

gene_data[["total counts"]]

=1

high detection <- gene data[gene_data$detected cells > 100, ]

HIES
RZ R BREERERBHEIIRE, Seurat WR, ERDMERNEESNERBARESZEER.

analysis_result <- list(
counts = counts,
qgc = gc,

marker expression = marker long

analysis_result$qgc

dplyr: RIGEEBNEXENE
SenEe:

library(dplyr)

RESSERLCSREI ML, HFNFE5):

top_genes <- gene_summary %>%
filter(!grepl(""MT-|"RPL|"RPS", gene)) %>%
filter(detected cells > 50) %>%
arrange(desc(total_counts)) %>%
mutate (
log_total_counts = loglO(total_counts + 1),
detection_rate = detected cells / ncol(counts)
) $>%

slice_head(n = 10)

DECS AR marker 2F £, FIANEERSITIFTRIAMMECHS):
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marker summary <- marker_ long %>%

group_by(gene) %>%

summarise (
mean_log counts = mean(log_counts),
expressing cells = sum(counts > 0),
expressing rate = expressing cells / n(),
.groups = "drop"

) %>%

arrange (desc(expressing rate))

R $EEEE S5 ggplot2 ATHK

RIS, ASOGEEEBLELIRERIZDE. BETYE, BETRE ggplot2 Ao, MEXREKEBEMGENK

=R

ggplot2 B9z B8
ggplot2 ER " ERAEE" . (RAME—KEERRLE:

o data: {ERMTEUEE

o aes: MPLETUBREIR] x, y. EREE. F2IR. A/
e geom: AMAJVEINREREIE

o scale: AHRHIFIER AN 5515

o theme: ERIIIL

e labs: RRE, AARHHIFIEGIXF

/Rl

ggplot (top_genes, aes(x = reorder(gene, total_counts), y = total_counts)) +

geom col(fill = "#0f766e") +
coord_flip() +

scale_y continuous(labels = comma) +
labs(x = NULL, y = "Total UMI counts") +

theme classic()
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Top expressed genes in PBMC 3k
Bar plot built from the real 10x filtered matrix
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ggplot(gc, aes(x = nCount RNA, y = nFeature RNA, color = percent mt)) +
geom_point(alpha = 0.7, size = 1.2) +
scale_x_continuous(labels = comma) +
scale_y continuous(labels = comma) +

scale_color_gradient(low = "#0f766e", high = "#dc2626") +

labs(
x = "Total UMI counts",
y = "Detected genes",
color = "Mitochondrial %"
) +

theme_classic()
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Counts and detected genes per PBMC 3k cell
Each point is one real cell barcode
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box_data <- marker_long %>%

filter(gene %in% marker genes[1l:4])

ggplot (box data, aes(x = gene, y = log _counts, fill = gene)) +
geom_boxplot(width = 0.6, outlier.shape = NA, alpha = 0.82) +
labs(x = NULL, y = "loglp(UMI counts)") +
theme classic() +

theme (legend.position = "none")
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PBMC marker gene expression
Box plots show log1p UMI counts across real PBMC 3k cells

log1p(UMI counts)
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ggplot(gc, aes(x = nCount RNA)) +
geom_histogram(bins = 55, fill = "#2563eb", color = "white") +
geom_vline(xintercept = median(gc$nCount RNA), linetype = "dashed", color = "#£f59e0b") +
scale x_continuous(labels = comma) +
labs(x = "Total UMI counts per cell", y = "Number of cells") +

theme classic()
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PBMC 3k total UMI count distribution
Median total counts = 2,197
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ggplot(box_data, aes(x = gene, y = log counts, fill = gene)) +
geom violin(trim = FALSE, alpha = 0.72) +
geom_boxplot(width = 0.12, fill = "white", outlier.shape = NA) +
labs(x = NULL, y = "loglp(UMI counts)") +
theme_classic() +

theme (legend.position = "none")
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Distribution of marker gene expression
Violin plots reveal sparsity and cell-to-cell heterogeneity

log1p(UMI counts)
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facet _data <- marker long %>%

filter(gene %in% marker genes[1:6])

ggplot (facet_data, aes(x = log counts)) +

geom_histogram(bins = 35, fill = "#0f766e", color = "white") +
facet_wrap(~ gene, scales = "free y", ncol = 3) +

labs(x = "loglp(UMI counts)", y = "Cells") +

theme_bw()

BioF3 10 /16



BioF3 HFEIBEH T R #EEES ggplot2 AT

Marker expression distributions in PBMC 3k
Facets compare real gene-level distributions across cells
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marker expression <- counts[marker genes, , drop = FALSE]

gene_long <- as.data.frame(as.matrix(marker_ expression)) %>%
tibble::rownames_to_column('gene") %>%

pivot_longer (

cols = -gene,
names_to = "cell",
values_to = "counts"

) %>%

mutate(log_counts = loglp(counts))

AMHERED:

ggplot(gene_long, aes(x = gene, y = log counts, fill = gene)) +
geom violin(trim = FALSE, alpha = 0.72) +
geom_boxplot(width = 0.1, fill = "white", outlier.shape = NA) +
labs(x = NULL, y = "loglp(UMI counts)") +
theme classic() +
theme (
legend.position = "none",

axis.text.x = element text(angle = 30, hjust = 1)
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PBMC 3k marker expression distribution
Real marker genes from the public 10x matrix

log1p(UMI counts)
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gene_detection <- gene_summary %>%
filter(detected cells > 0) %>%

mutate (marker = if else(gene %in% marker genes, "Marker gene", "Other gene"))

ggplot(gene_detection, aes(x = detected cells, y = total counts, color = marker)) +
geom_point(alpha = 0.45, size = 1) +
scale_x logl0(labels = comma) +

scale_y_loglO(labels = comma) +

labs(
x = "Cells with detected expression",
y = "Total UMI counts",

color = NULL
) +

theme classic()
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Gene detection and abundance in PBMC 3k
A real public-data view of gene prevalence and total abundance

100,000
@
_ %
e @
N 1,000- ®
c ® ®
g Other gene
(&)
=
=)
©
o
-
10
1 10 100 1,000

Cells with detected expression (log10)

E 8: XTZXLIE, M=Z PBMC 3k ELERM"IGHMEE vs & UM E"BREl., EREBTRXMGRUFREWIGIBHE,
REESRT—HERES MHASNMRFNER. BIEER:

=
=
=
* T
=
L=

BioF3 13 /16



BioF3 B HIBDHT R BIEEES ggplot2 AR

PBMC 3k marker expression heatmap
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B 9: MERT PBMC 3k marker ERE—ABEXMAMFNRIARN . ABEEERTRN, MAZERAITRE.

RFE R

BWFERHENRT, BRRBE Notebook 3¢ RStudio EOE.

ggsave (
filename = "results/figures/pbmc3k marker distribution.png",
width = 7,
height = 5,
dpi = 300

RIFRITRIA:

s BRRIERSESIEXHMRI
o FREETEM

o MRHEDHRM

- EfIETREERIE
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s XMHHBRETHEBLEANT

Al 5HENENE

Al FTDAF(RIE " BE B LSRRV E "B AL " R B E": 1B ITH . B, BeEE, REIERRSNES ggplot2 BIKER,
BRRREANZEAFFN Al N REIES EaEATE,

BTEXESELFECHM:

s AHZERIZ/NEERRENSIES

s BEEHNEZERTABMMBSR, KRS MERRIERE
e EEFEZENNRIE

s BLEMBELEBHAMZEE L

o EVIRTEMRIER T BIELERR

BRI

I 1: BREIZEIR ggplot
MFERENNIRE., FE—M"ERE x BA"RR, BEEERE ggplot(data, aes(...)) , AU ggplot FiA,
B%: ggplot2 KX (long format), A tidyr::pivot longer() IERmXZEHEKRBE

wide <- data.frame(gene = c("A","B"), sl =5, s2 = 10)
long <- tidyr::pivot_ longer(wide, cols = -gene,
names_to = "sample", values_to = "expr")

2 ¥ ERTES 0 NEUE
UMI counts BEAE 0, EiZ scale_y loglo() =IE 0 MHARETE, BEEIMNE 018, HLEW ggplot BT .
B%: K%M 1ogip() (log(x+1)) ¥iRBE, FENIE 0 BIRM—TIMEHMEIEIREA.

In3: BeEMsETEETEBHIESE
BB FIFREFE (1, 2, 3) TMAE factor, ggplot £FHZEE, EHEEEL.

B pRT SRR factor — data$group <- factor(datas$group) .

4 BREFLERXFEM
E#% ggsave("plot.png") BAIA dpi=300 (B ERIEE, EILRFINIIENE,

B §XRIFHAM width = 7, height = 5, dpi = 300, IEXFEEZEZ 600 dpi,

11 5: 8 RColorBrewer BtZ 52 A &R LR

scale_color_ brewer (palette = "Setl") &% 9 &, B 12 MAMEEFIR warning, o ERNSTK,

B 85T 9 EH scale color manual() + BeENXE®, 5 ggsci [ viridis BN RBIEEIR.

module02_complete_sci.R

THERERMZE »
17 KB
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T—%
BRINEIXEE—EE — I P RERRLRESS.
BERN:

4 — IEAREGH R + ggplot2 AEE L BMEEUEREUATE L

% — B—15TEM scRNA-seq i, £12FR
3. bulk RNA-seq overview — 8 FAMA R EMIBAIIEMIX B

HEEIRE(H -

e FigCode XIIE., #E., PCA — RAEZMIEE—H, JEHIZERBEIEE
o BIESMIBEHES — BMAERARNRMESEL, TEX—F
o Al HHBNYRTE — FA Al TR, B . *MEGE

SERR

* 10x Genomics PBMC 3k £#E&: https://www.10xgenomics.com/datasets/3-k-pbm-cs-from-a-healthy-donor-1-
standard-1-1-0

o ggplot2 EAXAY: https://ggplot2.tidyverse.org/

o dplyr EAHE: https://dplyr.tidyverse.org/

e R for Data Science: https://r4ds.hadley.nz/

e Bioconductor: https://www.bioconductor.org/

HABXEMELNRS [£(EF3]
RRXEZTREAR, DEEMERFHMAIR,
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