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主題大綱

■Genomics (基因體學)
■ History of DNA sequencing (DNA定序歷史)
■ The first-generation DNA sequencing (第㇐代DNA定序)
■ Next-generation sequencing (NGS,次世代定序)
■ CRISPR/cas9 genome editing (基因編輯技術)
■ Genome analysis (基因體分析)
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Genomics 
(基因體學) 
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The "omics" revolution

https://en.wikipedia.org/wiki/Genomics
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• 基因體(genome)：細胞內所有的DNA，包含核DNA(nuclear 
DNA)、葉綠體DNA、粒腺體DNA

基因體學 (Genomics)

高通量(high-throughput)
策略研究基因功能

5https://www.slideshare.net/uurzua/clase-genmica-presentation



功能基因體學 (Functional genomics)

•DNA level 
(genomics and 
epigenomics)

•RNA level 
(transcriptomics)

•Protein level 
(proteomics)

•Metabolite level 
(metabolomics)

https://www.ebi.ac.uk

The goal of functional genomics is to determine how the individual 
components of a biological system work together to produce a particular 
phenotype.
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基因體學Applications
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https://www.genome.gov/minc/toolkit/why-genomics

https://www.openpr.com/news/2757743/upcoming-opportunities-in-genomics-and-precision-medicine

1. Gene function
2. Precision medicine
3. Genome-wide association study(GWAS)全基因組關聯分析
4. Metagenomics – 微生物菌相分析
5. Epigenomics – DNA 甲基化分析
….

單一核甘酸多型性的分析
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基因體大小
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• 單位(bp / base pair)
1 bp = 1 bp , 1 kb = 1,000 bp, 
1GB = 1,000,000,000 bp,   1MB = 1,000,000 bp

可表現蛋白基
因數目

3 4288 19,000 13,600 ~ 20,000 ?

• 基因體大小

C值謎(C-value enigma): 生物的C值（基因組大小）並不與生物複雜程度相關的現象
Ex.例如植物與原生動物，可能具有比人類更大的基因組

G值謎(G-value paradox)：生物的G值（基因數量）並不與生物複雜程度相關的現象
Ex.顯微線蟲Caenorhabditis elegans由㇐千個細胞組成，但具有與人類大致相同數量的基因

https://old-ib.bioninja.com.au/standard-level/topic-3-genetics/32-chromosomes/genome-size.html



Chromosome (染色體)
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人類染色體

A.B.S Giersch, in Pathobiology of Human Disease, 2014



. From Mueller and Young, 2001.

Preparation of a karyotype

在有絲分裂過程中，它不會幹擾染色
體的複製，但會阻止紡錘體纖維的形
成。在中期，它抑制微管的組裝，因
此不會發生紡錘體形成。
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染色體異常疾病

11http://musoonclinic.blogspot.com/2015/04/blog-post_22.html

Down syndrome

Edwards syndrome

Patau syndrome



染色體條帶技術
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• 利用染劑使染色體呈現各自獨特條帶形態，藉以區別染色體的不同
技術 方法 亮帶 暗帶

G 帶 胰蛋白酶+ Giemsa GC rich AT rich

R 帶 熱磷酸鹽處理+ Giemsa AT rich GC rich

Q 帶 Quinacrine(螢光染料) GC rich AT rich

C 帶 熱鹼Ba(OH)2 + Giemsa 著絲點以外 著絲點

C-banding

R-banding

Q-banding

G-banding

https://www.newton.com.tw



基因體圖譜 (Genome map)
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細胞遺傳圖譜

遺傳圖譜

物理圖譜

Cytogenetic map (細胞遺傳圖譜): 由染色體染色而來，沒有單位，以區域劃分
Genetic map (遺傳圖譜): 由互換率計算而來，單位cM (centimorgan) 
Physical map (物理圖譜)：由序列定序而來, 單位bp

https://www.genome.gov/about-genomics/fact-sheets/Genetic-Mapping-Fact-Sheet



短臂

長臂

細胞遺傳圖譜 (Cytogenetic map)
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Cytogenetic mapping techniques:. An approach to genome analysis RRBS, 7(6) 2013



遺傳圖譜 (Genetic map)
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• 1% 重組率 = 1 cm (centimorgan)
• 重組率 < 50% --> ”連鎖”
• 重組率= 0% --> “完全連鎖”
• 在人類細胞中 1 cM 約1 Mb

https://www.sciencedirect.com/topics/immunology-and-microbiology/genetic-linkage



B, V 非連鎖基
因之期望值

B, V 為完全連
鎖之期望值

742 266 274 718

500 500 500 500

1000 0 0 1000

染色體重組 (CHROMOSOME RECOMBINATION)
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基因連鎖



RECOMBINATION RATE (重組率)
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742 718274266F1 重組型

重組率= 重組型/ 所有子代
= (266 + 274) / 2000 = 0.27
兩基因距離為 27 centimorgan (cM)

*重組率最高為50%
*重組率的精準度和樣品數量成正相關

https://www.macmillanhighered.com



DNA 載體 (DNA Vector)
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載體 承載量 宿主細胞

人類人造染體(HAC) 6000 - 10000 Kb human cell

酵母人造染色體(YAC) 100 - 3000 kb Yeast

細菌人造染色體(BAC) 150 ~ 350 kb E. Coli

噬菌體載體(PAC) 100- 300 kb E. Coli

黏質體(Cosmid, 噬菌體載體/質體之複合體) 35-45 kb E. Coli

質體 (plasmid) <= 15kb E. Coli

如果以一倍的覆蓋率計算，人類基因組(3,200,000 kb) 需要
320 HAC

1,066 YAC
9,142 BAC

10,666 PAC
71,111 Cosmid

213,333 plasmid

* 通常一個基因組庫的要求為6倍覆蓋率以上

https://en.wikipedia.org/wiki/Cosmid

發表於1997年

於1983年建立

https://www.youtube.com/watch?v=buAIHv6YOHQ



https://www.youtube.com/watch?v=tNQdTzOQteI
人類人工染色體成功植入老鼠

https://plantbreeding2010.blogspot.com/2022/11/a-brief-
account-of-yac-bac-hac.html

人類人造染體(Human Artificial Chromosome,HAC)

•DOI: 10.1517/17425247.2014.882314

人類人工染色體是㇐種小型染色體，可作為載體搭載㇐些基因，並作為人
類細胞中額外的染色體，使這些基因表現於人類體內。

CIN: chromosome instability

HACs have been used in the development of approaches to the
reprogramming of cells into iPSCs, creation of transgenic
animals, and the generation of experimental models for the
treatment of genetic diseases. HACs have been also extensively
used to study chromosome functions and chromosomal
instability.

20



Capacity: 100 -3,000 kb

TEL: telomere 
CEN: centromere
MSC: multiple cloning site
Ori: origin of replication

酵母人造染色體(Yeast Artificial Chromosome,YAC)
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https://www.youtube.com
/watch?v=ZvLPTNYpQX8

最早建立此系統的人是Murray & Szostak，於1983年建立

缺點: 其大小與內源的染色體的大小相近，就很難從中分離出來，不利於進㇐步分析。

優點:為高容量選殖載體。酵母細胞比大腸桿菌對不穩定的、重複的和極端的 DNA 有更強的
容忍性。由於高等真核生物的基因大多數是多外顯子結構並且有⾧的內含子，大型基因組片
段可通過 YAC 載體轉移到動物或動物細胞系中，進行功能研究。



細菌人造染色體(Bacterial Artificial Chromosome, BAC)
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https://www.youtube.com/watch?v=Qqsw6ytGsyE

https://plantbreeding2010.blogspot.com/2022/11/a-brief-account-of-yac-bac-hac.html

以F質體（F-plasmid）
為基礎建構而成的載體



https://www.youtube.com/watch?v=1lqQn3_PvMs

黏質體(Cosmid) 黏質體是㇐種以λ噬菌體中的
cos sequences所建構而成的
質體，是常用的選殖載體之
㇐，可用於建構基因組庫。

Cos sites

23



菌落雜交(Colony Hybridization)
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• 主要原理為單股DNA可和放射性探針(probe,單股DNA)結合

• 目的為尋找含有特定序列的菌落
• 培養菌落拓印至硝化纖維膜鹼破壞打破細胞並使DNA變性放射性探針

雜合 -> 訊號偵測

E.coli

質體

https://www.youtube.com/watch?v=FtNreXY7poA



BMC Genomics201112:639

螢光原位雜合FISH
(Fluorescence in situ hybridization)
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• 主要原理為單股DNA可和螢光標定探針(probe,單股DNA)結合

• 目的為確認目標序列在染色體上的位置
• 細胞固定於玻片 以formamide將染色體變性螢光標定探針雜合螢光顯微鏡觀察

https://www.youtube.com/watch?v=LiRJoTi44TA



History of DNA sequencing

26



1869 – Discovery of DNA

1909 – Chemical characterization  

1953 – Structure of DNA solved  

1977 – Sanger sequencing invented

– First genome sequenced – ФX174 (5 kb)  

1986 – First automated sequencing machine  

1990 – Human Genome Project started

1992 – First “sequencing factory” at

The Institute for Genomic Research (TIGR)

History of DNA sequencing

27

Enterobacteria phage phiX174

– Sequencing by degradation (Maxam-Gilbert)



1995 – First bacterial genome – H. influenzae (1.8 Mb)

1996 – Pyrosequencing

1998 – First animal genome – C. elegans (97 Mb) 

2003 – Completion of Human Genome Project (3 Gb)

2005 – First “next-generation” sequencing instrument 

2011-The “third generation” sequencer

2013– >10,000 genome sequences in NCBI database

28
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February 2020Medical Research Archives 8(2):1-17



Human genome project (人類基因體計劃)
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- 目的：將人類基因組序列完全定序
並註解所有基因

- 1990計劃啟動
- 2003公佈草圖
- 總經費$3,000,000,000美元
- 共18個國家參與

https://goa.pscnotes.com



• 1984 – 科學家於美國能源部會議提出構想
• 1986 – 與會科學家再次強調該計劃重要性並討論
• 1988 – 與會科學家㇐致同意該計劃重要性並準備著手進行
• 1990 - 提出初步構想(為期15年,  經費美金$3,000,000,000,採用階層式定序法)
• 1992 - 發布低解析度基因組草圖(genome map)
• 1998 – Celera公司宣佈將以霰彈槍定序法於五年內完成基因組定序，經費

$300,000,000，完成後將註冊所有基因
• 1999 – 第㇐條染色體公布(chromosome 22)
• 2000 - Celera公司宣佈已完成~97%
• 2003 - 人類基因組計劃完成(99%)
• 2022 - 人類基因組計劃完成(100%) Science 376.6588 (2022): 44-53.

31

https://en.wikipedia.org/wiki/Human_Genome_Project



內含子 26%

外顯子 2%

人類基因體序列分析
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跳躍子
44%

蛋白質譯碼
基因

非蛋白質譯碼基因

重覆序列

異染色質

https://link.springer.com/chapter/10.1007/978-3-030-73151-9_1



人類基因體基因註解

https://www.researchgate.net/publication/351788403

ncRNAs (ncRNAs genes) versus mRNAs (protein coding genes)
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全基因組定序(Whole Genome Sequencing)



Shotgun sequencing
approach (霰彈槍定序法)

Hierarchical sequencing
approach (階層式定序法)

基因組定序策略(Genome sequencing strategies)

36



基因組DNA

以物理、化學或酵素法將
DNA打斷~500 bp

Sanger 或次世代定序

基因組序列組裝

Shotgun sequencing approach (霰彈槍定序法 )

37

霰彈式定序

時間 短

經費 少

人力 少

空缺區域
(gap)

大



Hierarchical sequencing approach
(階層式定序法)
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以物理、化學况酵素法將DNA
打斷 ~ 150-300 Kb, 並接在 YAC
or BAC將BAC以FISH定位在染色體

將BAC (150 kb) 片段亞克隆
至質體 (plasmid, 2 kb)

以sanger定序質體DNA

序列組裝

階層式定序

時間 長

經費 多

人力 多

空缺區域(gap) 小



基因組
DNA

BAC | YAC
基因庫

質體
基因庫
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基因組庫建構 (Genomic DNA library construction)
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基因組
DNA

打碎為150-350 kb 片

段

萃取
萃取

gDNA片段

BAC載體

限制酵素作用

接合酶作用

轉型

個別保存

https://www.pinterest.com



Genomic DNA library

vs

cDNA library
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The first-generation DNA sequencing
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https://www.youtube.com/watch?v=_B5Dj8PL4E0

(1) Maxam Gilbert DNA sequencing

formic acid dimethyl sulphate

piperidine



• Uses DNA polymerase

• All four nucleotides, plus one

dideoxynucleotide (ddNTP)

• Random termination at specific bases

• Separate by gel electrophoresis

(2) SANGER SEQUENCING

44

http://cbt.fms.tw/media/8940
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Sequencing Reaction Products Progression of Sequencing Reaction

1986: 4 Reactions to 1 Lane  
fluorescently labelled ddNTPs



SANGER SEQUENCING
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• 藉由螢光標定ddNTP(雙脫氧核苷酸,五碳
糖缺乏3端OH基)使PCR反應停止

• 定序長度 500-1200 bp

定序序列

引子

5’ 3’
5’

PCR

跑膠，螢光分析
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https://www.youtube.com/watch?v=FvHRio1yyhQ

https://www.youtube.com/watch?v=iqAmkNSu3oI



Next-generation sequencing (NGS)
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核心方法著重於直
接定序單一分子

避免將 DNA 震碎成
小片段；若針對
DNA 的表觀遺傳修
飾，也能省略建立定
序基因庫（library）
的階段，故能夠避免
PCR error。

49



Steps to illumina sequencing

• Library construction

• - Fragment, attach adapter DNA

• Cluster generation

• - Add to flow cell

• - Bridge amplification

• Sequencing

• - Single base at a time, imaging

• Data analysis

• - Images transformed into basecalls

and ‘reads’

50https://www.youtube.com/watch?v=fCd6B5HRaZ8

https://www.youtube.com/watch?v=womKfikWlxM



1. Library preparation—the sequencing library is prepared by random fragmentation of the DNA or cdna
sample,  followed by 5’ and 3’ adapter ligation. Alternatively, “tagmentation” combines the fragmentation and 
ligation  reactions into a single step that greatly increases the efficiency of the library preparation process.9 

adapter-ligated  fragments are then PCR amplified and gel purified.

51

1. 利用超聲波將DNA打斷
成200-500 bp的片段大小，
然後於片段兩端接上接頭
(adapter)

51



2. Cluster generation—for cluster generation, the library is loaded into a flow cell where fragments are 

captured  on a lawn of surface-bound oligos complementary to the library adapters. Each fragment is

then amplified into distinct, clonal clusters through bridge amplification. When cluster generation is 

complete, the templates are ready  for sequencing.

52

2. 將已接接頭的DNA片段放
入到表面帶有互補接頭序列
的flowcell，接頭互相配對後
讓DNA片段吸附於flowcell上

3. 透過橋式聚合酶連鎖
反應進行DNA複製，放
大訊號

52



3. Sequencing—illumina SBS technology utilizes a proprietary reversible terminator–based method that 

detects  single bases as they are incorporated into DNA template strands. As all 4 reversible, terminator-

bound dntps are  present during each sequencing cycle, natural competition minimizes incorporation bias 

and greatly reduces raw  error rates compared to other technologies. The result is highly accurate base-

by-base sequencing that virtually  eliminates sequence-context-specific errors, even within repetitive 

sequence regions and homopolymers.

53

Illumina Sequencing by Synthesis

定序方法採用邊合成邊定序（如同
Sanger定序法），加入不同已標定特
定可移除螢光分子之鹼基(dNTP)及合
成反應試劑，反覆讓螢光移除及偵測，
達到高速且大量的DNA定序。

53



• SBS所使用的核苷酸為特殊鹼基，上頭帶有發色基，可在激光後發出不同顏色
• 核苷酸五碳糖3端上帶有烯丙基(allyl group), 可使PCR反應無法進行
• 發色基及五碳糖3端的烯丙基可以鈀(pd)反應將其移除，使PCR反應繼續

SBS －反應用特殊核苷酸

54



4. Data analysis—during data analysis and alignment, the newly identified sequence reads are then 

aligned to  a reference genome. Following alignment, many variations of analysis are possible such as

single nucleotide polymorphism (SNP) or insertion-deletion (indel) identification, read counting for RNA 

methods, phylogenetic or  metagenomic analysis, and more.

55

https://www.youtube.com/watch?v=l4BAfRekohk
55



NGS applications 

• DNA LEVEL:
• WHOLE GENOME 
SEQUENCING
• GENOME DE NOVO
• EXOME & TARGET 
REGION
• CHIP SEQUENCING

• RNA LEVEL:
• TRANSCRIPTOME
• MIRNA EXPRESSION

• SPECIAL PROJECT:
• EPIGENETICS 
(METHYLATION)
• METAGENOMICS (菌相分
析)

56

Biological Procedures Online 15(1):4

Whole genome sequencing (WGS)

whole exome sequencing (WES)



(1) Genome-wide association study, GWAS (全基因組關聯分析)
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• 由全基因組中找出變異序列或基因，個體間的遺傳背景不宜差異太大
• 金髮個體：42位， 黑髮個體：43位
• 全基因組定序 GWAS分析候選基因 基因功能分析

曼哈頓圖-
全基因組

曼哈頓圖-
基因TRYP1
R83C 突變
R93C 突變

42位

43位

R93C DNA突變



19種癌症次世代基因定序納健保 最高補助3萬最快5月上路
（中央社記者陳婕翎2024/2/6 19:25）

實體瘤NGS檢測給付14種癌
別，包含非小細胞肺癌、三
陰性乳癌、卵巢癌／輸卵管
癌／原發性腹膜癌、大腸直
腸癌、攝護腺癌、泌尿道上
皮癌、肝內膽管癌、黑色素
瘤、腸胃道間質瘤、甲狀腺
癌、甲狀腺髓質癌、胰臟癌、
NTRK基因融合實體腫瘤、胃
癌。

石崇良表示，實體瘤NGS檢測規劃出3
種模式:

第1種BRCA-1與BRCA-2基因，基因片
段較⾧，採獨立給付，預計給付健保
點值1萬點；

第2種是各癌別最基本基因位點小於
100個基因的小套組，給付2萬點；

第3種100個以上基因位點大套組，給
付3萬點。

包含14種實體瘤及5種血液腫瘤

58



抽取RNA 轉成雙股DNA並切成小片段霰彈式定序對應到基因組相對位置

(2)轉錄體定序(RNA-seq)

59
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Transcriptome alteration analysis with RNA-seq in A549 NSCLC

Tumor Biology 39(6):101042831770533
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Metagenomic sequencing (Bacterial 
DNA sequence)

Proceedings of the IEEE PP(99):1-15

(3)微生物檢定(DNA-seq)
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NGS and epigenetic 
modification (ex. 
DNA methylation-
DNA甲基化修飾)

EMBL-EBI

(4)後遺傳基因修飾(DNA-seq)

62
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DNA Methylation Microarray

63
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Neo-Antigen mRNA Vaccines

Vaccines 2020, 8(4), 776

assessment of both human and pathogen genomes, their transcriptomes, as well as examination of host immune 
responses, such as T and B cell diversity. NGS can be used to assess the quality of vaccine stocks, the diversity 
of HLA polymorphisms in large populations, and also for detection of new pathogenic strains in mixed samples.

(5)疫苗抗原篩選
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Journal of Liver Cancer 2018;18(1):1-8.

primary human cancer cells

(6)單細胞定序 (Single cell sequencing) 



單細胞解析系統原理
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https://doi.org/10.1016/j.jdermsci.2020.06.002
https://youtu.be/Rqz1QrmWcSM

https://youtu.be/Q5pkJlTEgxo

Single cell RNA sequencing experiments 
routinely target the retention of 500 to 10,000 
cells which require an input of 800 to 16,000 
cells.

https://www.youtube.com/watch?v=dbE1UlpxzHQ



67

•November 2017 Nature 551(7678)
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CRISPR/cas9 genome editing 
(基因編輯技術)
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CRISPR-CAS9(Clustered regularly interspaced short palindromic repeat
/ CRISPR associated protein 9)
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 The Clustered Regularly Interspaced Short Palindromic Repeats 
(CRISPR) and CRISPR- associated (Cas) system is the latest addition 
to the genome editing toolbox, offering a simple, rapid, and efficient 
solution.

 Derived from components of a simple bacterial immune system, the 
CRISPR-Cas9 system permits targeted gene cleavage and gene 
editing in a variety of eukaryotic cells, and because the endonuclease 
cleavage specificity in CRISPR-Cas9 system is guided by RNA 
sequences, editing can be directed to virtually any genomic locus 
by engineering the guide RNA sequence and delivering it along with the 
Cas endonuclease to your target cell.
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Bacterial immune system

細菌的Cas9酵素
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Nobel Prize in Chemistry (2020)
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https://mcbblog.nsfbio.com
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https://www.umassmed.edu/rti/biology/crispr-cas9/
https://www.youtube.com/watch?v=UKbrwPL3wXE
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https://www.youtube.com/watch?v=g7bkE1krgFM

Functions of CRISPR-cas9 
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by Christopher Gerryhttps://www.youtube.com/watch?v=pNseb_U6gu0
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CRISPR protocol   

Acta Pharmacologica Sinica volume 41, pages1427–1432 (2020)

(a) single sgRNA
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(b) CRISPR sgRNA library screening
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Compared to RNAi 

https://cn.weblogographic.com/what-is-difference-between-crispr

siRNA 
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by Christopher Gerry
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Frontiers in Plant Science 8:1932 · November 2017

stem cell engineering, 
gene therapy, tissue and 
animal disease models, 
and engineering disease-
resistant transgenic 
plants. 

Applications of CRISPR system

ribonucleoprotein



Genome analysis
(基因體分析)

82



—基因組中能被轉譯成氨基酸序列的DNA片段
—一條DNA序列共含有六種可能性的讀取框架(reading frame)
—框架讀取： 每3個鹼基為一組
—若讀取框架中，含有起始(ATG, Methionine)及終止碼(TAA, TAG, TGA),且該
讀取框架夠長，則其可能為一個基因

－若讀取框架片段沒有包含起始或終止碼，則該片段則有可能是某基因
片段

AAACCATGCTAAATCTGGTAGGCAAGCAGTTGTGAAAA

Frame 1 -> K P C - I W - A S S C E
Frame 2 -> N H A K S G R Q A V V K
Frame 3 -> T M L N L V G K Q L - K

V
G

M
H

S
-

F
I

R
Q

T
Y

P
A

L
L

C
L

N
Q

H
S

F
F

F W A L D P L C A T T F

<- Frame 4
<- Frame 5
<- Frame 6
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(1) Open reading frame(ORF): 開放讀序框架



aaacggctcatcgtcttaaaggcgtatttgccatgctaaatctggtacccggcaagcagttat 
gtgaaacgctggaacatctgattcgtgagaaggatgttccaggaatagaaaaatacatcag 
cgacattgacagttatgtcaagagcttgctgtagcaaggtagcctattacatgaacaatatg 
aacgtaattattgccgatgaccatccgatagtcttgttcggtattcgcaaatcacttgagcaa 
attgagtgggtgaatgttgtcggcgaatttgaagactctacagcactgatcaacaacctgcc 
gaaactggatgcgcatgtgttgattaccgatctctccatgcctggcgataagtacggcgatg 
gcattaccttaatcaagtacatcaagcgccatttcccaagcctgtcgatcattgttctgactat 
gaacaacaacccggcgattcttagtgcggtattggatctggatatcgaagggatcgtgctga 
aacaaggtgcaccgaccgatctgccgaaagctctcgccgcgctgcagaaagggaagaaat 
ttaccccggaaagcgtttctcgcctgttggaaaaaatcagtgctggtggttacggtgacaag 
cgtctctcgccaaaagagagtgaagttctgcgcctgtttgcggaaggcttcctggtgaccga 
gatcgctaaaaagctgaaccgcagtattaaaaccatcagtagccagaagaaatctgcgatg 
atgaagctgggtgtcgagaacgatatcgccctgctgaattatctctcttcagtgaccttaagt 
ccggcagataaagactaatcacctgtaggccagat

Q：假設你有㇐條來自大腸桿菌序列如下，請問你要如何以尋找ORF的方式預
測該片段是否含有基因片段？
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ORF預測軟體－ TRANSLATE TOLLS IN EXPASY
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待預測序列

開始預測

https://web.expasy.org/translate/



ORF預測結果
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(2) NCBI genome data viewer
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https://www.ncbi.nlm.nih.gov/gdv/



Search “Aquaporin”
aquaporin

result
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Chromosome 7 location: 7p14.3 
(cytological map)

Current position 
(physical map)

Gene structure

Search result

Transcript ID
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(3) Restriction Enzyme Tool-NEBcutter

http://nc2.neb.com/NEBcutter2/
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Double digest finder 
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512 bp

4128 bp

Two Fragments:

PET3A PLASMID
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MORE OPTIONS

98



99

A nicking enzyme (or nicking endonuclease) is 
an enzyme that cuts one strand of a double-
stranded DNA at a specific
recognition nucleotide sequences

EcoKI or EcoBI methyltransferases modify adenine residues within their respective 
recognition sequences: 
AAC(N)6GTGC for EcoKI and TGA(N)8TGCT for EcoBI

CpG methylation
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Set Colors



101

101



102



103


