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▪ Basic Concept of Flow Cytometer

▪ Introduction to Instrument 

▪ Compensation Theory

▪ Daily Workflow - FACSuite Software

Topic
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What is Flow Cytometry?

Flow = Fluid

Cyto = Cell

Metry = Measurement

A variety of measurements are made on cells, cell organelles, and other objects 
suspended in a liquid and flowing at rates of several thousands per second 
through a flow chamber.
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• Its relative size (Forward Scatter—FSC；前向散射光)

• Its relative granularity or internal complexity 

    (Side Scatter—SSC；側向散射光)

• Its relative fluorescence intensity

What Can a Flow Cytometer 
Tell Us About a Cell?
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Particle Size

• Detection range: 0.2~50m
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Scatter Light

FSC Sensor

Laser

SSC Sensor
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Ex. Lysed Human Whole Blood

Forward Scatter 
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Fluorescence Light
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Flow Cytometry Detection Principle

T helper cell

:Antigen CD3

:Antigen CD4

:Anti-CD3

:Anti-CD4
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Data 
Processing
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Time1. 液流系統

2. 光學系統

3. 電子系統

軟體分析

Flow Cytometer Overview
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Fluidics 液流系統

To introduce and focus the cells for interrogation.

Optics 光學系統

To generate and collect the light signals.

Electronics 電子系統

To convert the optical signals to proportional digital signals, process the signals, 
and communicate with the computer.

Main Component
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Sample Flow

Low Flow Rate High Flow Rate

Sheath SheathSample Sheath Sheath
Sample

Red laser

Blue laser

Violet laser

Low: 12 μL/min
Medium: 60 μL/min
High: 120 μL/min
High sensitivity: 50 μL/min
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Optics Subsystem

Detector

arrays

Flow cell

LaserLaser

Sample core

Collection lens

Lens

Excitation optics

Collection Optics

Fiber optics

FSC diode

640 nm 488 nm

Laser

405 nm
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Collection Optics: Filters

Longpass 
Mirror

Bandpass 
Filter

Filter Assembly

Detector
(PMT)

500 LP

530/30 BP
500 LP 530/30 BP

▪ Miniaturized collection blocks

▪ All filters installed for simple change

▪ Chip ID for each filter cassette
▪ Automatic detection of configuration
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Collection Optics: Heptagons

560 LP

586/42

752 LP

783/56

488/15

Side scatter

507 LP

527/32

665 LP

700/54

Blank

Incoming light

FITC
Alexa Flour 488

PerCP-Cy5.5
PerCP

PE-Cy7

PE

▪ 全球第一以”轉折”代替多重穿透設
計: 保留螢光能量

▪ 接收光源順序: 能量弱→強
     BD專利設計

▪ FACSLyric進一步改良, 將分光鏡
及濾鏡整合, 使光學訊號以最少路
徑讓接收, 以達成最強光學訊號呈
現
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▪Use the maximum excitation wavelengths to determine lasers that can be used 
to excite the fluorochrome.

▪Use the maximum emission wavelengths to determine filters and PMTs that can 
be used to measure the signal.

Excitation and Emission

488

530/30

FITC

Excitation Emission
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FACSLyric Configurations

4B-3R-5V

Red 718, APC-R700, AF700

BD HorizonTM BB 515, FITC

, BB 700

, RB780
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High       Low Medium

Fluorochrome

Very Bright Bright Moderate Dim

L
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Ultraviolet
(355 nm)

BD Horizon BUV661
BD Horizon BUV737
BD Horizon BUV563

BD Horizon BUV395
BD Horizon BUV496

BD Horizon BUV805

Violet
(405 nm)

BD Horizon BV421
BD Horizon BV650 
BD Horizon BV711

BD Horizon BV480
BD Horizon BV786

BD Horizon BV510 
BD Horizon BV605

BD Horizon V450
BD Horizon V500

Blue
(488 nm)

BD Horizon BB515
BD Horizon BB700

BD Horizon PE-CF594
PE-Cy 5

PE
PE-Cy 7

FITC
Alexa Fluor® 488
PerCP-Cy 5.5

PerCP

Yellow/Gree
n

(561 nm)

PE
BD Horizon PE-CF594

PE-Cy5
PE-Cy7

Red
(640 nm)

APC
Alexa Fluor® 647

BD Horizon APC-R700

Alexa Fluor® 700
APC-H7
APC-Cy7

Fluorochrome/Antigen Combination
Antigen Density
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光學-電子訊號轉換過程

Laser

Time (µs)

V
o

lt
s

P
u
ls

e
 H

e
ig

h
t

Pulse Width



© 2016 BD. BD, the BD Logo and all other trademarks are property of Becton, Dickinson and Company. 

BD RESTRICTED
© 2016 BD. BD and the BD Logo are trademarks of Becton, Dickinson and Company.29

電子訊號的量化
• H

Height粒子通過雷射激發的
訊號/螢光瞬間最大量

• W
Width粒子通過雷射的時間

• A
Area粒子通過雷射激發的訊
號/螢光總量
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數據的儲存
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FITC Spillover
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Correcting Spillover

Which control do you adjust?
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Correct Compensation

Which control do you adjust?

FITC single stain control : PE-%FITC
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Compensation
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Compensation Troubleshooting 

Undercompensated
Correctly 

compensated Overcompensated
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名詞解釋

Tube setting = 
傳統PMT電壓在特定MFI設定值

Reference setting =
螢光補償
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1. Turn on power to the instrument

2. Turn on computer and log into BD FACSuite software

3. Verify software connection to the instrument

4. Check fluid levels

Daily Workflow

Perform
Setup & QC

Start Up
System

Shut Down
System

Analyze DataAcquire Data
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Running Performance QC

1. Prepare the CS&T research beads.

2. Verify the bead lot ID and select 
the Performance QC task.

3. Run performance QC.

4. View the performance
QC reports (normal and
high-sensitivity fluidic modes).

5. View Levey-Jennings charts in the QC Tracking tab.

Daily Workflow

Perform
Setup & QC

Start Up
System

Shut Down
System

Analyze
Data

Acquire
Data
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Viewing the Performance QC Reports 

%rCV, linearity, sensitivity 
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• Create or open an experiment

• Add tubes and create worksheet elements (plots, gates, stats)

• Adjust instrument settings and create tube settings, as needed

• Customize tube properties 

• Acquire data

Daily Workflow: Experiment

Perform
Setup & QC

Start Up
System

Shut Down
System

Analyze DataAcquire Data
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• A customized group of elements used to acquire and analyze data. 

• An experiment is flexible and can be saved as an assay for use in a worklist.

Experiment
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Default Lyse/Wash Reference Settings

• Contain tube settings for normal human lymphocytes

• Contain spillover values

• Values are re-calculated daily based on performance QC

Setting Up the Experiment
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Assay Portability: 
Unchanged Signal Intensity
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Fluidics Commands

SIT Flush

Backflushes sheath fluid through the SIT and removes 
bubbles from the flow cell.

Clean Cuvette
Runs cleaning solution through the flow cell.

Drain and Fill Flow Cell
Removes persistent bubbles from the flow cell.

Purge Sheath Filter
Removes air from the sheath filter.
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SIT FlushRunning 
sample

Test tube

SIT Wash probe

To flow cell

From flow cell

To waste

SIT
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Clean Cuvette

Cuvette
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Drain and Fill Flow Cell



© 2016 BD. BD, the BD Logo and all other trademarks are property of Becton, Dickinson and Company. 

BD RESTRICTED

Purge Sheath Filter

From sheath tank

To waste tank

Sheath 

filter

Flow cell

Purge line
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The simple solution

for consistent, quality 

results

BD FACSMelody  Cell Sorter

88

Class 1 Laser Product.
For Research Use Only. Not for use in diagnostic or therapeutic procedures.
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• Available with up to 3 spatially-separated 

lasers

• Detect up to 9 colors simultaneously

• Purification of up to 4 simultaneous 

populations into tubes

• Index sorting into plates or slides

• Superior sensitivity for the resolution of 

low-density antigens

• Easy to learn, use and maintain

BD FACSMelody  Cell Sorter
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488nm Filter Mirror

FITC, BB515, AF488, GFP 527/32 507LP

PE, PI 586/42 560LP

PerCP-Cy5.5, PerCP, BB700, PE-Cy5, 7-AAD 700/54 665LP

PE-Cy7, RB780 783/56 752LP

640nm

APC, AF647 660/10 660/10

APC-Cy7. APC-H7 783/56 752LP

405mm

BV421, V450, DAPI, Pacific Blue 448/45

BV510, V500 528/45 500LP

BV786 755LP

BD FACSMelody  Configuration

90
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Sorting Theory

1. Sample generates light scatter and 

fluorescent signals; signals are analyzed.

2. Charge is applied via the stream-

charging wire.

3. Charged 

droplets

break off.

4. Deflection plates attract or

repel charged droplet.

5. Uncharged droplets pass to 

waste.

6. Charged drops containing 

particles of interest are 

collected.
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Drop Charging Delay
Drop Charging
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BD FACS  Accudrop technology

• Accudrop beads 
• Diode laser
• Camera 
• Optical filter

Drop Delay
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▪ Devices

– 2 or 4 way

– Multiwell Plates

– Slides

– Custom Devices

▪ Precision mode

– Yield 

– Purity 

– Single cells

– 4-Way Purity

– Custom

Sort Layout
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Sort mode

95

• Cell Purity:
Purity mode=Single Cell mode>Yield mode

• Recovery cell count: 
Yield>Purity>Single Cell

分選模式 功能

Yield

• 回收細胞數>純度的狀況下使用
• 具有目標細胞的液滴即會進行分選, 不考慮純度
• 適用於稀有細胞富集或想盡可能的不損失目標細胞時

Purity

• 純度>回收細胞數
• 可得到高純度的分選結果, 而犧牲部分目標細胞
• 分選速度越高, 分選效率越低, 目標細胞回收較少
• 適用於一般純度優先的分選, 建議準備1.5-2倍的起始理想細胞數量。

Single Cell 適用於盤式分選, 希望單一個well中僅分選一顆細胞且純度優先的時候選擇。
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◼ Positive selection:
去除上清，將試管移出磁場，分析被磁珠捕獲的細胞，即為目標細胞

◼Negative selection:
分析上清，目標細胞在上清液中

BD IMag 磁珠分選：
Positive or Negative selection or combination
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IMag increases purity and reduces time of sorting

97

w/o IMag
enrichment

IMag 
enrichment

105 DCs
6.5 hours

74.4%

105 DCs
25 mins
95.3%
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套裝試劑組 內含Biotinylated antibody cocktail 及 BD IMag  Streptavidin Particles

98
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99

套裝試劑組 內含Biotinylated antibody cocktail 及 BD IMag  Streptavidin Particles
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• 了解自己的細胞樣品資訊

-細胞大小

-貼附或懸浮培養型

-脆弱或生命強韌

-分選前存活率

-是否容易結成團

• 事先溝通實驗流程

-樣品處理的方式-培養條件-測試組別

-樣品的染色方式(表現螢光或者使用抗體染劑)與條件

-以死活染劑區別分選前已死亡細胞

-樣品液準備

-收集液準備

• 正確的儀器設定與最適化分選條件

-依照細胞大小與脆弱程度選擇噴嘴

-依照期望的回收細胞數調整細胞濃度與上機速度

-開啟溫控裝置維持細胞生存條件

-回測分選後細胞追蹤成果以為下次實驗改進

成功的分選所需條件
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• Enrich rare cell population if possible

• Avoid cell clumps

– Always filter your cells before sort!

– Use Accutase instead of Trypsin

– Treat cells with DNAse  

• Use appropriate sample buffer

– PBS, HBSS or phenol-red free culture media w/ 25mM HEPES, 5mM EDTA and 1~2% 

FBS or 0.1~0.2% BSA to maintain cell viability

• Use viability dye to confirm cell viability before sort

實驗樣品準備建議
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1.上樣細胞液製備
使用 Falcon, 5mL Tubes with 40 μm filter top cap P/N: 352235 過濾細胞
細胞濃度調整在1x106-2x107/ml 為佳 
建議實驗設計時保留 PI or 7-AAD 偵測器作為死活染色分辨死細胞使用

2.收集液製備(收集管)
750 μL - 1 mL for 5 mL tubes 
置入高濃度20-50% FBS 培養用medium, 含1X-2X抗生素 
分選後細胞需離心後回溶到正常培養濃度medium
(若為單細胞盤式分選可以等細胞貼附在盤底後再抽換medium)

記得多帶兩~三支額外的收集管，如果操作錯誤可替換
對部分較脆弱的細胞類型，可為分選細胞準備1~2 ml小牛血清當底墊 (小牛血
清記得請先用0.22um過濾後，再加入收集管內)

實驗樣品準備建議

Cat. No. Name Size

561527 Accutase  Cell Detachment Solution 100 ml

http://www.bdbiosciences.com/us/applications/research/stem-cell-research/stem-cell-buffers-and-ancillary-reagents/accutase-cell-detachment-solution/p/561527
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▪ 幫助製備和維持從淋巴組織，骨髓，外周血，培養細胞（包括多能幹細胞）或

其他來源製備的單細胞懸液。

▪ 不含酚紅，是一種透明的緩衝液，有助於最小化背景。

▪ 減少細胞結塊，從而有助於在分選儀上形成一致的液滴。

▪ 鈣和鎂含量極低，可最大程度地減少細胞聚集。

▪ 含FBS

▪ 不含EDTA

▪ 適合即將分選及分析的細胞之懸浮，洗滌和儲存。

▪ 每批 BD FACS Pre-Sort Buffer 都經過內毒素測試，低於 0.96 EU/mL

▪ 提供理想的 pH 調節，以在細胞製備和分選過程中保持細胞健康

BD FACS  Pre-Sort Buffer

104

Cat. No. Name Size

563503 BD FACS  Pre-Sort Buffer 250 ml
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◼ 細胞收集管可以事先加以coating, 提高細胞存活率 (1% BSA或 10% FBS, 4℃, 

overnight) 。

◼ 置入高濃度20-50% FBS 培養用medium, 含1X-2X抗生素 

- 使用Polypropylene取代Polystyrene管

◼ 分選後細胞需離心後回溶到正常培養濃度medium

 (若為單細胞盤式分選可以等細胞貼附在盤底後再抽換medium)

◼ 分選過程中, 定期更換收集管

◼ 設定樣品收集區溫度控制, 以提供最佳細胞存活條件

◼ 樣品流速: 低流速 to minimize CV

◼ 單一clone細胞之培養較mixed population不易, 主要是適合細胞生長所需環境與營養因子

太複雜. 以傳統培養hybridoma clones來說, 通常是需要加入feeder cells或是

conditioned media. 可試著使用conditioned media加入culture media(5%, 10%或

20%)中來加強培養環境.

分選樣品收集管注意事項
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Thank you!
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