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各大品牌誠摯推薦

Infinium and GoldenGate 
assay systems

SureSelect Methyl-seq Target 
Enrichment System

MassARRAY EpiTYPER NimbleGen SeqCap Epi 
Enrichment System

Quick Guide of Popular Epigenetics Products

品質保證

TRUSTED
BRAND
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Epigenetics Secret Garden

利用 bisulfite conversion，將 non-methylated 
cytosine 轉換為 uracil；純化後的 DNA 經 PCR 
放大並定序，uracil 會轉換為 thymine，因此此
反應又稱為 CT conversion。

Bisulfite Conversion-The Gold Standard
EZ DNA Methylation™ Kit
■ DNA Input:100 pg - 2 µg (optimal input : 200 - 500 ng) 。
■ 彈性選擇 :可使用 Direct 或 Lightning 系統，大幅縮短操作時間 。
■ 高產量的 bisulfite-converted DNA適用 PCR、MSP、array、NGS 等。 

品名 品號 包裝 適用樣本
CT conversion 

效率 
DNA 
回收率 操作時間 

EZ DNA Methylation™ Kit
D5001 50 Rxns

500 pg-2 ug DNA > 99% > 80% 12 - 16 hrs
D5002 200 Rxns

EZ DNA Methylation-Gold™ Kit
D5005 50 Rxns

500 pg-2 ug DNA > 99% > 75% 3 hrs
D5006 200 Rxns

EZ DNA Methylation-Lightning Kit
D5030 50 Rxns

100 pg-2 ug DNA > 99.5% > 80% 1.5 hrs
D5031 200 Rxns

EZ DNA Methylation-Direct™ Kit 
D5020 50 Rxns DNA( ≧ 50 pg), 

cells( ≧ 10), blood, 
tissue, FFPE

> 99.5% > 80% 4 hrs 
D5021 200 Rxns

Selection Guide

亦有 RNA Methylation試劑
能方便並準確的分析 
RNA methylation。

# R5001/R5002
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Sensitive 5-mC and 5-hmC Quantification
5-mC and 5-hmC ELISA Kits 
■ 利用 ELISA 偵測 5-mC、5-hmC 含量，適合高通量的實驗。

■ 靈敏度：≥ 0.5% 5-mC、≥ 0.02% 5-hmC per 100 ng input DNA。

■ 只需三小時即可完成實驗。

品名 品號 包裝

5-mC DNA ELISA Kit  
D5325 1 x 96-well
D5326 2 x 96-well

Quest 5-hmC™ DNA ELISA Kit 
D5425 1 x 96-well
D5426 2 x 96-well

The 5-mC DNA ELISA Kit can quantify 5-mC in numerous 
DNA samples with close correlation to LC-MS analysis. 
Percent 5-mC was calculated for the following genomic DNA 
samples: human brain (HB), human kidney (HK), human 
embryonic stem cell (HESC), mouse brain (MB), mouse kidney 
(MK), and mouse testes (MT). The percent 5-mC detected 
in DNA samples by 5-mC DNA ELISA Kit (ELISA) strongly 
correlates to mass spectrometry (MS) data of 5-mC found in the 
respective gDNA sample.

5-hmC Quantification. Percent 5-hmC in mammalian DNA 
samples quantified by mass spectrometry or Quest 5-hmC™ 
ELISA Kit. Inlaid image represents relative amounts of 5-hmC in 
triplicate gDNA samples.

利用 5-mC ELISA/5-hmC ELISA 定量不同樣本 DNA的 5-mC/5-hmC，

其結果與用 mass spectrometry (MS) 分析的結果一致



05

Epigenetics Secret Garden

Enrichment of 5-mC -containing DNA
Methylated-DNA IP Kit
■ 利用高度專一性的 anti-5-methylcytosine monoclonal antibody 抓取甲基化 DNA。

■ 附有 control DNA 及 primers，方便監控實驗流程。

■ 回收的 DNA 可用於  PCR、whole-genome amplification、ultra-deep sequencing、 
 microarray 等等。

品名 貨號 包裝

Methylated-DNA IP Kit D5101 10 Rxns

Salmon sperm genomic DNA "spiked" with 
non-methylated/methylated control DNA was 
processed with the kit and the eluted DNA was 
amplified by PCR using the supplied control 
primers. Digestion of the amplicons with Nco I 
produced two 175 bp fragments for the methylated 
DNA control or one 350 bp fragment for the non-
methylated DNA control.

操作流程

IP後有效的濃縮 methylated DNA
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(A) Electropherogram of a Pico Methyl-Seq (WGBS) library 
prepared using 100 pg of human gDNA. (B) Gel of libraries 
prepared from varied amounts of human gDNA. Fragments ranged 
between 150 and 350 bp. 

Post-Bisulfite Library Preparation
Pico Methyl-Seq™ Library Prep Kit
■ 適用樣品來源：FFPE、ssDNA，只需 10 pg DNA。

■ 利用 random primer 在進行過 bisulfite treatment 的 DNA 片段做 PCR 放大片段，進而製成  
 WGBS (Whole Genome Bisulfite Sequencing) library。

■ 完整套組，從 bisulfite conversion到 library preparation一應俱全。

■ 優化的操作流程，Ligation-free 和 gel-free，僅需六小時。

■ 適用於 Illumina's sequencing platform : HiSeq、MiSeq 。

品名 品號 包裝

Pico Methyl-Seq™ Library Prep Kit D5455 10 Preps
Pico Methyl-Seq™ Library Prep Kit D5456 25 Preps

操作流程 製備高品質的基因庫



07

Epigenetics Secret Garden

操作流程

5-hmC Library Preparation
RRHP™ 5-hmC Library Prep Kit
■ 利用 Msp I的特性，會水解無 glucosylated-5-hmC 的片段，而 glucosylated-5-hmC 會阻擋   
 Msp I 辨認位，即可建構成 library。

■ 樣品 ≥100 ng low input DNA。

■ 可以得到 strand-specific mapping of 5-hmC DNA資訊。

■ 適用於 Illumina's sequencing platform : HiSeq、MiSeq 。

β-glucosyltransferase(β-GT) 在 5hmC上做標記，保護其不被 Msp I水解。

 Genome-wide human brain DNA 5-hmC profiling using a novel 
sequence- and strand-specific method  

5-Hydroxymethylcytosine (5-hmC) is an epigenetic hallmark 
rapidly gaining much interest within mapping and sequencing 
disciplines. While the precise role of 5-hmC is not fully 
understood, it is implicated in regulation of gene expression via 
active DNA demethylation pathways. Previous studies 
demonstrate that it plays a role in cell differentiation and 
carcinogenesis: Cells that are more stem- and progenitor-like 
have greatly reduced levels of 5-hmC compared with more 
differentiated cells. Similarly, tumor cells display less 5-hmC 
than their normal counterparts independent of either grade or 
stage, suggesting that global loss of 5-hmC may be an early 
event in carcinogenesis. Several methods have been described 
to profile 5-hmC at the genomic level: Most are enrichment-
based via immunoprecipitation or other bioorthogonal labeling 
schemes, and several conversion methods have also been 
described that exploit selective oxidation. Here we employ a 
new method which combines modification-sensitive restriction 
enzymes with next-generation sequencing approaches to allow 
genome-wide 5-hmC mapping at single-site resolution in several 
families of carcinomas. This new method should provide a 
unique tool in enhancing our understanding of the interplay of 
genetic and epigenetic regulations in carcinogenesis. 
 

Introduction 

Methodology 

Sequencing performance 

Sequencing performance, continued 

Figure 1. Overview of the Reduced Representation 
Hydroxymethylation Profiling (RRHP) system. (a) The assay 
exploits β-glucosyltransferase (β-GT) to label 5-hmC positions at 
adapter junctions, thus  preventing digestion of the adapter from 
the fragment. Fragments lacking 5-hmC at the junction will not be 
labeled and the adapter can be digested away. Only fragments with 
intact adapters on both sides will be amplified for hybridization and 
sequencing. (b) Agarose gel visualization of amplification products 
from several RRHP library schemes an input amounts. (c) and (d) are 
Bioanalyzer traces from, respectively, positive and negative libraries 
which demonstrate robustly suppressed background signal. 

Xueguang Sun, Adam Petterson, Tzu Hung Chung, Marc E. Van Eden, and Xi Yu Jia 
Zymo Research Corporation, Irvine, CA 

 
 
 

Library amplification qualities and characteristics 

Functional analysis of mapped 5-hmC sites 

In general, the output of the system is extensively dependent 
upon the 5-hmC content of the sample: That is, higher 
hydroxymethylation results in more protected junctions for 
adapterization, thus yielding more moles of intact library for 
amplification. Similarly, this yields higher final library 
concentrations following limited amplification. 
 

 Simulation 
40-430 bp 

RRHP-HpaII 
(0.5 ug) 

RRHP-MspI-1 
(0.5 ug) 

RRHP-MspI-2 
(0.5 ug) 

RRHP-MspI-3 
(0.1 ug) 

RRHP 
(- βgt control ) 

RRBS 

Total reads 1,845,334 23,702,341 23,383,403 9,505,230 19,539,657 5,518 41,066,513 

Mapped reads 1,845,025 20,605,538 22,271,499 9,017,016 18,482,119 4,373 15,668,523 

Mappability 99.98% 86.93% 95.24% 94.86% 94.59% 79.25% 38.15% 

# of tagged reads 1,845,025 17,763,501 21,081,749 8,531,903 17,328,911 3,230 NA 

tagged reads % 100% 86% 95% 95% 94% 74% NA 

# of 5hmc sites 1,845,014 1,878,394 1,737,993 1,550,791 1,674,080 3,171 5,330,488 

        

 Table 1. Brief overview of several indicators of sequencing output 
and quality. All samples were sequenced on the Illumina HiSeq 2000 
platform. Mappability for all sample preparations remains high, 
allowing for the identification of more unique sites even with 
deliberately reduced sequencing depth (RRHP-MspI-2). Samples 
prepared from low input (RRHP-MspI-3) demonstrate comparable 
mappability and unique sites to the increased inputs (RRHP-MspI-1, 
2). The negative control library without glucosylation demonstrates 
extremely low reads, low tag rate, and the lowest number of 
uniquely mapped sites. Standard RRBS was prepared from the same 
sample for comparison. 

Figure 3. RRHP libraries demonstrate close correlation to in silico 
predictions as well as between one another. (a) The observed 
fragment size distributions from sequencing (green) are laid over the 
size distributions predicted from in silico digestion (yellow). The 
sizes mirror those observed in Bioanalyzer traces from Figure 1 
(shifted up for addition of adapters). (b) Reads per site indicate 
detection of sites with few intact fragments, suggesting 
proportionality between 5-hmC density and generated reads. (c) 
Correlation study between high input (RRHP-MspI-1) and low input 
(RRHP-MspI-3) libraries indicates the ability of the assay to discover 
and map the same unique sites from reduced inputs. 

(a) (b) 

(c) 

 RRHP-MspI-1 
(0.5 ug) 

RRHP-MspI-3 
(0.1 ug) 

Total  1737993 
 

1674080 
 CpG island 171982 10% 144413 9% 

Promoter 133938 8% 109537 7% 
5' UTR 441174 25% 416594 25% 
Coding exon 167857 10% 157064 9% 
Intron 1147615 66% 1108226 66% 
3' UTR 177478 10% 170934 10% 
Bivalent 206811 12% 177243 11% 
H3K4me3 988758 57% 762340 46% 
H3K27me3 429361 25% 390551 23% 
HCP 125982 7% 110205 7% 
ICP 34957 2% 32966 2% 
LCP 0 0% 0 0% 
7X Regulatory    
potential 683973 39% 644236 38% 

 
Table 2. Breakdown of 5-hmC sites profiled by RRHP into specific 
annotated genomic elements and binding regions. Mapped and 
aligned fragments from high- and low-input RRHP libraries from the 
same sample were analyzed per annotated functional regions of the 
genome. Consistent annotation rates are observed between the two 
libraries. Despite the high bias of the assay for CG-dense regions, 
only 10% of the aligned fragments are mapped back to CpG islands 
(CGIs), indicating appropriateness for interrogating a wide scope of 
the genome. Nevertheless, >88% of annotated CGIs demonstrate at 
least one 5-hmC position from RRHP. 

Conclusions 
Our RRHP method offers a strong, positive-display output for 
the stringent identification and mapping of 5-hmC sites across 
the genome. The directionally unbiased library construction also 
allows for strand-specific information about 5-hmC localization. 
Importantly, the sensitivity of the method renders it 
exceptionally useful in genomes where the 5-hmC content is 
known to be severely diminished, such as primary carcinoma 
tissues. The ability to detect and map the mark with high 
resolution and high fidelity in such samples makes possible the 
identification of discrete and robust biomarkers for early 
detection, disease stratification, and prediction of treatment 
susceptibility across several cancer pathologies. 
 

5-hmC distribution in normal and tumour tissues 

(a) 

(b) 

(c) 

(d) 

Figure 2. Genomic libraries prepared from various normal and 
cancerous tissues demonstrate extensive dependence upon 5-hmC 
content. (a) RRHP libraries were prepared from several cancerous 
and noncancerous tissues and subjected to limited amplification. 
Region traces (b) and (c) indicate the intensity, size distribution, and 
concentration of final libraries. Quantitative analysis demonstrates 
that tumour-derived libraries have lower final concentrations than 
libraries from normal adjacent biopsies; this indicates a depletion of 
5-hmC in the cancerous tissues when compared to normal tissues. 
This result correlates strongly with previous findings indicating 
profound depletion of 5-hmC in various carcinomas. 

Breast Normal 1.58 ng/μl
Breast Tumour 0.61 ng/μl

Liver Normal 1.92 ng/μl
Liver Tumour 1.22 ng/μl

Figure 4. Significant loss of 5-hmC is observed across the RAC2 
locus in breast tumour tissue. Sequencing readout is displayed as 
piled read tracks proportional to the 5-hmC content at a coordinate. 
Reads originating from the (+) strand are indicated in blue with 
reads from the (-) strand in red. RAC2 is a member of the Rho 
GTPases shown to play a role in the regulation of mitosis. 

Normal 

Tumour 

Figure 5. RRHP analysis indicates the distribution of 5-hmC in 
several sites over VWCE. Visualization of RRHP reads across a 3-kb 
segment of VWCE shows pronounced depletion of 5-hmC in introns, 
exons, and intron-exon junctions. VWCE serves as a regulatory 
element of beta-catenin signaling and has been indicated  as a 
chemopreventative target in hepatocellular cancer therapeutics. 

Normal 

Tumour 

A1: Ladder 
B1: Breast (Normal Adjacent) 
C1: Breast (Tumour) 
D1: Liver (Normal Adjacent) 
E1: Liver (Tumour) 
F1: HeLa 
G1: HCT116 
H1: KERN 

(a) 

(b) 

(c) 

References 
Jin et al. Cancer Research 71 (24): 7360-5. 
Song et al. Nat. Biotechnol. 29: 68-72. 
Ko et al. Nature 468: 839-43. 
Lian et al. Neoplasia 5 (3): 229-44. 

品名 品號 包裝

RRHP 5-hmC Library Prep Kit 
D5450 12 preps
D5451 25 preps



0808

Region Specific 5-mC Analysis
OneStep qMethyl™

■ 利用多種 MSREs (Methylation Sensitive Restriction Enzymes)，辨認 CpG序列。

 •   non-methylated CpG：MSREs 可切斷 dsDNA，qPCR Ct 值比 reference 高
 •   methylated CpG：MSREs 無法切斷 dsDNA，qPCR Ct 值與 reference 相同
■ 不需進行 bisulfite conversion，可用 qPCR 定量 DNA 甲基化程度。

■ 適合快速篩選 single-, multi-locus DNA methylation。

■ 附有 control DNA 及 primers，方便監控實驗流程。

Specifications
Format...................... 96-Well Plate
DNA Input..................20 ng in 5 µl
Processing Time........~4 hours

Non-methylated DNA Input Methylated DNA Input

操作流程

準備 non-methylayed 或 
methylayed DNA sample。

取一部份 DNA 進行 MSREs 
digestion，此為 test reaction；

另一部份 DNA  則不進行 MSREs 
digestion，為 reference reaction。

利用自行設計的 primer set，進
行 qPCR (可使用 SYBR green 或 
Taqman probe 定量 )。

若為 non-methylated DNA：

CtTest > CtRef

若為 methylated DNA：

CtTest ≒ CtRef。

1

2

3

4

Add DNA Real-time PCR

Simple, One Step 
全程只需 4 hr

降低誤差及汙染的可能，

快速準確偵測 DNA 甲基化

品名 貨號 包裝

OneStep qMethy™ (with SYTO 9 dye for qPCR) D5310 1 x 96 well
OneStep qMethyl™-Lite (without SYTO 9 dye) D5311 1 x 96 well
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Chromatin Analysis
Zymo-Spin™ ChIP kit  

ChIP DNA Clean & Concentrator™ 

■ 完整的試劑組，從 ChIP到純化出高品質 ChIP DNA 一應俱全。

■ 僅需 6 µl 即可回溶出高品質 ChIP DNA。

■ 後續可應用於 ChIP-qPCR, ChIP-Seq等實驗。

■ 快速，僅需 2 分鐘就能從 ChIP sample 純化高純度 DNA。

■ 可濃縮 DNA，回收體積僅需 6 µl 。
■ 高品質 ChIP DNA，後續可應用於 PCR, arrays, sequencing等實驗。

品名 品號 包裝

Zymo-Spin™ ChIP Kit 
D5209 10 preps
D5210 25 preps

ChIP DNA Clean & Concentrator™ Kit  (Uncapped) D5201 50 Preps
ChIP DNA Clean & Concentrator™ (Capped) D5205 50 Preps

ENCODE Quality ChIP Workflow : Browser tracks depicting H3K4me3 ChIP-Seq assay 
using the Zymo-Spin™ ChIP Kit. Peaks overlap the same sites identified at the Broad 
Institute of MIT and Harvard as part of the ENCODE project.

ChIP DNA Purification Comparison : ChIP assays were performed with HeLa cells using 
ChIP-grade anti-H3K4me3 and rabbit IgG antibodies. Both total and immunoprecipitated 
chromatin were reverse cross-linked and recovered using either the ChIP DNA Clean 
& Concentrator® (included in the Zymo-Spin™ ChIP Kit), DNA recovery kit from Supplier 
Q, Chelex®-100 protocol or phenolchloroform extraction. The amount of ChIP DNA 
was determined using qPCR with primers specific to the GAPDH promoter. ChIP DNA 
enrichment is graphed as % input.

高效率回收濃縮 ChIP後的 DNA

可獲得高品質的 ChIP DNA
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Accurately Quantitate DNA Methylation
Epigenetic Standards
■ non-methylated 及methylated human DNA 做為 negative 和 positive control 。
■ 監控 bisulfite conversion效率和實驗流程 (primer design, bisulfite PCR and sequencing    
 reactions )。
■ 確準定量，利用 non-methylated 及methylated human DNA 互相調配，建立 calibration curves。

利用 DNA 標準品評估 bisulfite 效率和 primer 的設計

品名 品號 包裝

Human Methylated & Non-Methylated (WGA) DNA Set (DNA w/ primers) D5013 1 set
Human Methylated & Non-Methylated DNA Set (DNA w/ primers) D5014 1 set
Universal Methylated Human DNA Standard D5011 20 Rxns
Universal Methylated Mouse DNA Standard D5012 20 Rxns

Example MSP experiment using MSP designed primers for 
RASSF1. Sample 1 is positive for a Methylated Template. Sample 
2 is positive for a Non-Methylated Template and Sample 3 contains 
Methylated and Non-Methylated Templates. MSP experiment 
also shows proper controls: Meth (+) DNA Control D5014-2 
Human Methylated DNA, Meth (-) DNA Control D5014-1 Human 
Non-methylated DNA. 2% Agarose Gel, 130V for 35 mins. M = 
Methylated Template, U = Non-Methylated Template

Gel electrophoresis depicting genomic DNA, bisulfite converted 
genomic DNA and genomic DNA amplified with bisulfite-specific 
primers. Lane 1 – Input DNA: Universal Methylated Human DNA 
Standard (D5011). Lane 2- Bisulfite converted Universal Methylated 
Human DNA (D5011) using EZ-DNA Methylation Direct (D5020). 
Lane 3 – Universal Methylated Human DNA (D5011) bisulfite 
converted and amplified with supplied hMLH1 control primers.
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■ non-methylated 及methylated human DNA 做為 negative 和 positive control 。
■ 監控 bisulfite conversion效率和實驗流程 (primer design, bisulfite PCR and sequencing    
 reactions )。
■ 確準定量，利用 non-methylated 及methylated human DNA 互相調配，建立 calibration curves。

使用 ZymoTaq 能得到最專一且大量的 PCR 產物

Enzymes
ZymoTaq™ DNA Polymerase  

dsDNA Shearase™  Plus

DNA Degradase™  & DNA Degradase Plus™

■ Hot-start  型式，可減少非專一性的產物。 
■ 適用於 bisulfite-converted DNA後續 PCR反應。

■ 可隨機產生 dsDNA片段。

■ 依 enzyme濃度調整 DNA片段的大小。

■ 適用於 library construction, Next-Generation sequencing和 methylated DNA   
 immunoprecipitation (MeDIP)。

■ 簡單省時，只要單一個酵素作用。

 •   DNA Degradase™可以水解 DNA成單一個 nucleotide
 •   DNA Degradase Plus™可以水解 DNA成單一個 nucleoside
■ 後續適用於 HPLC,  TLC, 和 LC-MS。 

PCR products of immunoprecipitated, methylated DNA vary depending on the hot-start polymerase used. 

品名 品號 包裝 品名 品號 包裝

ZymoTaq™ Polymerase 
E2001 50 Rxns

DNA Degradase
E2016 500 U

E2002 200 Rxns E2017 2000 U

dsDNA Shearase™ Plus 
E2018-50 50 U

DNA Degradase Plus
E2020 250 U

E2018-200 200 U E2021 1000 U
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