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体外转录
In Vitro Transcription（IVT）

体外转录操作流程

体外转录下游应用

IVT Procedure

Downstream Applications

体外 RNA 合成是指使用噬菌体 DNA 依赖性 RNA 聚合酶 ( 如 T7、T3 或 SP6 RNA 聚合酶 ) 从 DNA 模板合成 RNA。用于体
外转录反应的模板 DNA 包括目的序列上游的 RNA 聚合酶启动子。体外转录系统模板选项包括质粒、PCR 产物、寡核苷酸及
cDNA 等含有对应启动子的线性化 DNA 模板。相应的 RNA 聚合酶用于产生合成 RNA 转录物，用作杂交探针、体外翻译应用的
模板或结构研究（X 射线晶体学和 NMR）。

合成 RNA 转录产物也用于研究细胞 RNA 在剪接、RNA 加工、细胞内运输、病毒感染性和翻译等过程中的功能。

Promega 的体外转录产品包括 RNA 合成系统、核糖核苷酸、克隆载体和用于转录、引物延伸和基因表达研究的支持产品。
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RNA 合成系统

Promega 提供多种性能经过长时间验证的 RNA 合成试剂盒系统 :
Riborope® 系统用于从克隆的 DNA 插入物中合成高比活性单链 RNA 探针或微克数量的确定 RNA 转录产物。
RiboMAX™ RNA 生产系统产生大量适合于体外或体内翻译反应的加盖或未加盖 RNA 转录物。
T7 RiboMAX™ 快速大规模 RNA 生产系统是一种体外转录系统，旨在在短时间内连续生产大量 RNA。使用该试剂盒已经产生了
高达 14kb 的高质量 RNA 转录物。

体外转录可分为小规模转录反应和大规模转录反应：
小规模转录反应可制备用于印迹杂交和核酸酶保护实验的放射性同位素标记及非同位素标记的 RNA 探针，还可合成含修饰核苷
酸的 RNA 转录本，以用于各种生物化学和分子生物学研究。
大规模转录反应可用于 aRNA 扩增、表达研究（显微注射、病毒转录本感染、体外翻译等）、结构分析（蛋白 -RNA 结合）以及
机制研究（核糖酶分析）等领域。

• RNA 合成系统选择指导表 …………………………………………………………………………………………5

• Riboprobe® System 和 Riboprobe® Combination Systems ………………………………………………………6

• RiboMAX™ Large Scale RNA Production Systems ………………………………………………………………7

• T7 RiboMAX™ Express Large Scale RNA Production System …………………………………………………8

• T7 RiboMAX™ Express RNAi System  …………………………………………………………………………9
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Promega 体外转录系统产品选择指导

产品选择指导 | RNA 合成系统

Promega 提供丰富的体外转录系统，可合成 mRNA、rRNA、tRNA、miRNA、哺乳动物和非哺乳动物 siRNA、RNA 探针等；满
足您对体外合成 RNA 的多种需求。

Note: 需要合成加帽 RNA 均需单独购买加帽系统

Riboprobe® in vitro 
Transcription Systems

RiboMAX™ Large 
Scale RNA Production 
Systems
SP6/ T7

T7 RiboMAX™ 
Express Large Scale RNA 
Production System

T7 RiboMAX™ 
Express RNAi
System

目录号 P1420, P1430, P1440,
P1450, P1460 P1280, P1300 P1320 P1700

组分提供形式 单独组分 单独组分 预混液 预混液

模板类型 线性化 DNA 线性化 DNA 线性化 DNA 线性化 DNA

RNA 产量
( 每 1ml 反应 ) 低 (100-250ug) 中等 (2-5mg) 高 (5-8.5mg) ≥500ug siRNA

≥2mg dsRNA

合成产物
长度 21bp~27.3kb 21bp~27.3kb 21 bp siRNA

200-2000 bp dsRNA

反应时间 1 小时 2-4 小时 30 分钟 30 分钟

主要应用
• 放射性标记的高特异
      活性 RNA 探针 
• 制备反义 RNA

• 加帽或不加帽 RNA 合成
• 在体外合成 tRNA、
       rRNA、RNA 病毒基因
       组或核糖体
•  RNA 剪切、RNA 二级
       结构、反义 RNA 和 RNA:   
       蛋白相互作用的研究
• 合成长 RNA，作为非哺乳
       动物的 RNA 干扰

• 不加帽 RNA 合成 • 用于 RNA 干扰
• 合成双链 RNA

加帽反应

放射性标记

T3 启动子

SP6 启动子

T7 启动子

预混 rNTP

与修饰的
核苷酸兼容 未测试 兼容，但需要定制不含核苷酸

的转录缓冲液 未测试
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RNA 合成系统 | 小规模合成系统

Riboprobe® System 和 Riboprobe® 
Combination Systems

Riboprobe® Systems 和 Riboprobe® Combination Systems 均用于以克隆的 DNA 插入片段为模板，在体外制备高特异活性的单
链 RNA 探针或微克级的特定 RNA 转录子。 

Riboprobe® Systems 包含所有以 DNA 为模板进行体外转录反应所需要的必需组分 ( 放射性同位素除外 )，还含有 RQ1 

RNase-Free DNase(Cat.# M6101， RQ1 无 RNA 酶的 DNA 酶 )，用于在转录后去除模板。 

Riboprobe® Combination Systems 含有 RNA 聚合酶以及体外转录反应需要的所有试剂 ( 放射性同位素除外 )，一个试剂盒中
同时包含 T3/T7 或 T7/SP6 RNA 聚合酶，还含有 RQ1 RNase-Free DNase(Cat.# M6101，RQ1 无 RNA 酶的 DNA 酶 )，用于
在转录后除去模板。

• 特异性高： SP6、 T7 和 T3 RNA 聚合酶具有高启动子特异性，可以以质粒 DNA 为
模板。

• 酶的选择： 系统提供 SP6 RNA 聚合酶、 T7 RNA 聚合酶或 T3 RNA 聚合酶。
• 方便： 包含与 T7、 T3 或 SP6 RNA 聚合酶一起使用的阳性对照 模板， DNase I

用于去除 DNA 模板和重组 RNasin® RNA 酶抑制剂。

• A highly specific Escherichia coli qPCR and its comparison with existing methods 

for environmental waters. Water research.2017  

• Altered regulation of Nur77 nuclear receptor gene expression in the 

mesocorticolimbic regions of rat brain by amphetamine sensitization. Brain 
research. 2018  

• Tissue stiffening coordinates morphogenesis by triggering collective cell 

migration in vivo. Nature. 2018

注： 如需构建加帽转录产物需单独购买 Ribo m7G Cap Analog (Cat. P1711 或 P1712)。

小规模转录 微克级 RNA

特点

应用文献

订购信息

试剂盒 规格 目录号

Riboprobe® System—SP6 1 each P1420

Riboprobe® System—T3 1 each P1430

Riboprobe® System—T7 1 each P1440

Riboprobe® Combination System—T3/T7 RNA Polymerase 1 each P1450

Riboprobe® Combination System —SP6/T7 RNA Polymerase 1 each P1460

组分

Riboprobe® System Components and Buffers 1 system P1121
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中规模合成系统  | RNA 合成系统

RiboMAX™ Large Scale RNA 
Production Systems

RiboMAX™ Large Scale RNA Production Systems 在 1ml 的反应中能够制备 2-5mg/ml 的 RNA，产量稳定，大约是常规 

Riboprobe® 系统转录反应制备 RNA 的 10-20 倍。

 RiboMAX™ 系统反应与 Riboprobe® 系统的基本区别有三方面：

• 使用 HEPES (pH 7.5) 缓冲液而不是 Tris-HCl (pH 7.9) 缓冲液； 

• rNTP 和镁离子的浓度提高到既适合 SP6 也适合 T7 RNA 聚合酶的水平；

• 反应中还加入了无机焦磷酸酶。

在兔网织红细胞体外翻译系统中，使用 RiboMAX™ 系统合成的 RNA 比常规方法合成的 RNA 获得的体外翻译结果要好。它减少
了对翻译有抑制作用的组分，从而更适合要求具有生物活性的 RNA 的实验应用。由于 RiboMAX™ 系统能够制备大量 RNA，因
此不建议用此系统来制备具有高特异活性的 RNA 探针。

• 灵活 ： 系统可用于 SP6 和 T7 RNA 聚合酶。
• 反应体系可调： 反应规模可放大或缩小，以适应不同产量 RNA 的制备需要。
• 高质量： 合成高质量的翻译级 RNA。

体外转录获得重组 HCoV-229E (WT) 和 HCoV-229E SL1 and SL2 突变体病毒
RNA，并感染 Hu-7 细胞。并使用 Northern blot 检测不同情况感染细胞培养物
上清中的病毒 RNA。

• A mitochondrial protein affecting lifespan and oxidative stress response in Drosophila . Proc. Natl. Acad. Sci. USA .2006
• Recapitulation of short RNA-directed translational gene silencing in vitro. Mol. Cell .2006
• Protein protects functionally sterile honey bee workers from oxidative stress. Proc. Natl. Acad. Sci. USA . 2006

* 注：如使用 RiboMAX™ Large Scale RNA Production Systems 构建加帽转录产物需单独购买 Ribo m7G Cap Analog (Cat. 

P1711 或 P1712)。

不加帽或不加帽 RNA* 2-5mg/ml 产量

特点

应用举例：体外转录获得有活性的 RNA 病毒，可感染细胞

应用文献

订购信息

试剂盒 规格 目录号

RiboMAX™ Large Scale RNA Production System—SP6 1 system P1280 

RiboMAX™ Large Scale RNA Production System—T7 1 system P1300

segment of SL1 but also changes in adjacent regions (Fig. 2D and Suppl.
Figure 2). Again, introduction of an additional compensatory mutation
(G29C) was predicted to preserve the wildtype structure (Fig. 2E). For
the G45C mutation, drastic structural changes were predicted for SL2,
including a significantly less stable (4-bp) stem structure and a smaller
loop size (3 instead of 5 nts) (Fig. 2F). Even more profound effects were
predicted for the C47G replacement, resulting in a complete destabili-
zation of the SL2 stem structure (Fig. 2H, Suppl. Figure 2). Taken to-
gether, these RNA structure predictions suggested that the single-nu-
cleotide and two-nucleotide substitutions introduced in the HCoV-229E
genome RNA were suitable to study possible roles of the HCoV-229E
SL1 and SL2 structures in viral replication. The predictions also con-
firmed that the second-site (compensatory) substitutions were suitable
to preserve (near-) wildtype structures for both SL1 and SL2.

To study the effects of the structural changes caused by the

nucleotide substitutions, in vitro transcribed full-length HCoV-229E
RNAs (wildtype and mutants, respectively) and N mRNA were co-
transfected into 90% confluent Huh-7 cells. At 72 h p.t., cell culture
supernatants were collected to determine virus titers and intracellular
RNA was isolated for Northern blot analysis of viral RNA replication.
Using a [32P]-labeled probe specific for the 3′ end of the genome, we
analyzed the full set of 3'-coterminal genomic and subgenomic HCoV-
229E RNAs. We found that, except for mutant C11G (see below), the
SL1 and SL2 single-nucleotide mutants displayed severe defects in viral
RNA accumulation, suggesting that the structural integrity of SL1 and
SL2 is essential for viral replication. In the case of C11G, only minor
defects in viral RNA accumulation were observed, suggesting that the
stability of the basal part of SL1 is less critical, with some structural
flexibility being tolerated in this case. However, our observation that
the double mutant (C11G+G34C) with a fully preserved SL1 structure
replicates more efficiently than the C11G mutant shows that an intact
basal part of SL1 is beneficial (though not essential) for virus replication
(Fig. 2C, Fig. 3A, lane 6). Interestingly, similar observations were also
reported for murine hepatitis virus (MHV). If the lower part of the
(presumably equivalent) MHV SL1 structure was disrupted, infectious
virus progeny could still be recovered, while disruption of the upper
part proved to be lethal (Li et al., 2008). For the HCoV-229E_C16G
mutant, a major replication defect was observed which could be re-
versed (albeit not completely) by restoring the base-pair interaction
between nts 16 and 29 in SL1 (C16G+G29C) (Fig. 3A, lane 7). For the
G45C and C47G mutations in SL2, we found that both mutations cause
major defects in RNA replication (Fig. 3A, lanes 4 and 5). The corre-
sponding double mutant HCoV-229E_G45C+C55G replicated with
near-wildtype efficiency, while viral RNA accumulation was not fully
restored in the double mutant C47G+G53C, suggesting additional
constraints. Taken together, the mutagenesis study shows that the
structural integrity of SL2 is essential for efficient HCoV-229E replica-
tion. Similar observations were previously made for the betacor-
onavirus MHV, where nucleotide substitutions that destabilized the SL2
stem region resulted in a drastic reduction of viral RNA synthesis and
production of infectious virus progeny (Liu et al., 2007). As mentioned
above, all double mutants replicated more efficiently than their single-
mutation counterparts (Fig. 3A, lanes 2–5 and 6–9), providing strong
evidence for the existence and functional relevance of the HCoV-229E

Fig. 3. Analysis of viral RNA accumulation and virus titers of HCoV-229E SL1 and SL2
mutants. Recombinant HCoV-229E (WT) and HCoV-229E SL1 and SL2 mutants were
generated by co-transfecting Huh-7 cells with the appropriate (mutant or wildtype) in
vitro-transcribed genome-length HCoV-229E RNA and HCoV-229E N mRNA as described
in Material and Methods. At 72 h p.t, the virus titer in the cell culture supernatant was
determined and viral RNA was analyzed by Northern blotting. A, Northern blot analysis of
HCoV-229E-specific RNAs produced in cells transfected with the indicated HCoV-229E
full-length RNAs. Virus-specific RNAs were detected using a [32P]-labeled DNA probe
specific for the HCoV-229E 3′-UTR (nts 26857–27277). B, Virus titers of HCoV-229E
wildtype (WT) and mutants were determined by end-point dilution using Huh-7 cells.
Virus titers (means± SEM) are represented as TCID50/ml and were determined from
three independent transfection experiments.

Fig. 4. Sequence analysis of the SL2_C47G mutant. A and C, Sequence analysis of RT-PCR
products obtained from Huh-7 cells transfected with full-length HCoV-229E_C47G RNA at
passage 0 (at 72 h p.t) and after serial passaging of the recombinant virus (passage 5). The
position of the nucleotide substitution and reversion is indicated by an arrow. B, Serial
passaging of the HCoV-229E_C47G mutant.

R. Madhugiri et al. Virology 517 (2018) 44–55

49
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RNA 合成系统 | 大规模合成系统

T7 RiboMAX™ Express Large Scale 
RNA Production System

T7 RiboMAX™ Express Large Scale RNA Production System 是为在短时间内稳定表达毫克级 RNA 而设计。由于优化了酶混
合液和转录缓冲液， 30 分钟内 RNA 产量可达 5-8.5mg/ml。为了尽量减少移液的次数和误差，在 2× 转录缓冲液中就包括了所
有四种 rNTP。另外，系统还包含 RQ1 RNaseFree DNase (RQ1 无 RNA 酶的 DNA 酶 )，用于转录后除去质粒模板。

由于 2× 缓冲液和四种 rNTP 已经混合在一起，我们不建议用 T7 RiboMAX™ Express System 合成需要加帽的 RNA。

左图：
应用 T7 RiboMAX™ Express Large Scale RNA 
Production System合成烟草花叶病毒（TMV） 
p126 和 CP 基因为模板的 dsRNA，并注射
入实验用烟草植物，接种 TMV+dsRNA 的植
物比感染 TMV 或加水的植物产生的生物总量
更多。

• 快速： T7 RiboMAX™ Express System 仅需 30 分钟就能制备出毫克级 RNA，而其它同类产品需要 2-4 小时。
• 方便： 四种 rNTP 和 2× 转录缓冲液已经混合好，可减少移液误差和实验时间。
• 灵活： 有效转录各种大小的 DNA 模板。转录子可短至 21bp。

不加帽 RNA 5-8.5mg/ml 产量

特点

应用举例：合成植物病毒基因对应的 dsRNA

注： 如要合成加帽 RNA，请选择 RiboMAX™Large Scale RNA Production System-T7(Cat.# P1300 或 P1280)，同时购买
Ribo m7G Cap Analog (Cat. P1711 或 P1712) 。

• AMD1 mRNA employs ribosome stalling as a mechanism for molecular memory formation . Nature. 2018
• Exogenous application of double-stranded RNA molecules from TMV p126 and CP genes confers resistance against TMV 

in tobacco. Planta. 2016 
• Structural and functional conservation of cis-acting RNA elements in coronavirus 5'-terminal genome regions. Virology. 

2017
• Chromosome biorientation produces hundreds of piconewtons at a metazoan kinetochore. Nature communications . 

2016 Gene silencing of VP9 gene impairs WSSV infectivity on Macrobrachium rosenbergii.  Virus research. 2016 
• SEC14L2 enables pan-genotype HCV replication in cell culture. Nature. 2015

应用文献

订购信息

产品 规格 目录号

T7 RiboMAX™ Express Large Scale RNA Production System 1 system P1320

fragment within the p126 gene and a 480-bp fragment

within the CP gene that were highly conserved among

TMV isolates were selected for dsRNA production. Both

fragments were amplified using primers that possessed a

linker sequence at their 50 end. A second PCR reaction with

a T7-linker primer sequentially introduced a T7 promoter

sequence at the 50 ends of both sense and anti-sense strands

of the targeted DNA fragments. The T7 RiboMAX Express

large scale RNA production system was used to transcribe

the second PCR product. The concentration of

dsRNA_p126 was found to be 22.4 lg/ll and that of

dsRNA_CP 30.6 lg/ll. The products of first PCR, second

PCR and the in vitro transcription reaction for p126 and CP

are shown in Fig. 1.

Resistance induction in tobacco against TMV

via exogenous dsRNA molecules

To test whether the in vitro produced and exogenously

applied dsRNA molecules interfere with TMV infection,

20 tobacco plants were used for each of the following

treatments: (a) TMV plus dsRNA_p126, (b) TMV plus

dsRNA_CP, (c) TMV (positive control) and (d) water

(negative control, 10 plants). At the selected sap dilution of

5 9 10-5, the TMV-inoculated plants exhibited the char-

acteristic systemic vein clearing and local chlorotic lesions

at 3 dpi, and all plants were infected exhibiting severe

mosaic symptoms at 10 dpi. The disease symptom devel-

opment was monitored in all treatments daily until 20 dpi.

From the two experiments performed, the disease incidence

data indicated that tobacco plants in the TMV/

dsRNA_p126 treatment exhibited higher resistance (65 %)

than those receiving TMV/dsRNA_CP treatment (50 %)

(Fig. 2a). Both treatments protected tobacco plants from

TMV infection, whereas TMV alone resulted in 100 %

disease incidence. Plants that received dsRNAs (both

dsRNA_CP and dsRNA_p126) exhibited a delay in

symptom expression since no disease symptoms were

observed until 3 dpi, whereas at the same time point, the

disease incidence in the TMV-infected group reached

83 %. To our surprise, an increase in biomass of the plants

inoculated with the TMV plus dsRNAs was observed when

compared to the water-treated tobacco plants (Fig. 2b).

To determine the effect of dsRNA on the early stage

replication of TMV and the presence of specific vsiRNAs,

we have used RT-PCR and stem-loop RT-PCR (Varkonyi-

Fig. 1 First PCR, second PCR product and produced dsRNA of

target sequences of CP (480 bp) and p126 gene (666 bp) of Tobacco

mosaic virus as revealed by 1.5 % agarose gel electrophoresis. M is a

100-bp DNA ladder (New England Biolabs, USA)

Fig. 2 Effect of dsRNAs on disease incidence of TMV on tobacco.

a The treatments namely TMV; TdsCP (TMV ? dsRNA_CP);

Tdsp126 (TMV ? dsRNA_p126) were applied. Disease incidence

was calculated based on the number of plants infected out of 20 plants

used in each treatment. The results were expressed as mean values of

two independent experiments. b Effect of dsRNAs on growth of

Nicotiana tabacum cv Xanthi plants; tobacco plants that received

dsRNAs and TMV exhibited an increase in biomass when compared

to water-treated plants. c RT-PCR and stem-loop RT-PCR analysis in

the TMV, TMV/TMV dsCP treatments

Planta

123

fragment within the p126 gene and a 480-bp fragment

within the CP gene that were highly conserved among

TMV isolates were selected for dsRNA production. Both

fragments were amplified using primers that possessed a

linker sequence at their 50 end. A second PCR reaction with

a T7-linker primer sequentially introduced a T7 promoter

sequence at the 50 ends of both sense and anti-sense strands

of the targeted DNA fragments. The T7 RiboMAX Express

large scale RNA production system was used to transcribe

the second PCR product. The concentration of

dsRNA_p126 was found to be 22.4 lg/ll and that of

dsRNA_CP 30.6 lg/ll. The products of first PCR, second

PCR and the in vitro transcription reaction for p126 and CP

are shown in Fig. 1.

Resistance induction in tobacco against TMV

via exogenous dsRNA molecules

To test whether the in vitro produced and exogenously

applied dsRNA molecules interfere with TMV infection,

20 tobacco plants were used for each of the following

treatments: (a) TMV plus dsRNA_p126, (b) TMV plus

dsRNA_CP, (c) TMV (positive control) and (d) water

(negative control, 10 plants). At the selected sap dilution of

5 9 10-5, the TMV-inoculated plants exhibited the char-

acteristic systemic vein clearing and local chlorotic lesions

at 3 dpi, and all plants were infected exhibiting severe

mosaic symptoms at 10 dpi. The disease symptom devel-

opment was monitored in all treatments daily until 20 dpi.

From the two experiments performed, the disease incidence

data indicated that tobacco plants in the TMV/

dsRNA_p126 treatment exhibited higher resistance (65 %)

than those receiving TMV/dsRNA_CP treatment (50 %)

(Fig. 2a). Both treatments protected tobacco plants from

TMV infection, whereas TMV alone resulted in 100 %

disease incidence. Plants that received dsRNAs (both

dsRNA_CP and dsRNA_p126) exhibited a delay in

symptom expression since no disease symptoms were

observed until 3 dpi, whereas at the same time point, the

disease incidence in the TMV-infected group reached

83 %. To our surprise, an increase in biomass of the plants

inoculated with the TMV plus dsRNAs was observed when

compared to the water-treated tobacco plants (Fig. 2b).

To determine the effect of dsRNA on the early stage

replication of TMV and the presence of specific vsiRNAs,

we have used RT-PCR and stem-loop RT-PCR (Varkonyi-

Fig. 1 First PCR, second PCR product and produced dsRNA of

target sequences of CP (480 bp) and p126 gene (666 bp) of Tobacco

mosaic virus as revealed by 1.5 % agarose gel electrophoresis. M is a

100-bp DNA ladder (New England Biolabs, USA)

Fig. 2 Effect of dsRNAs on disease incidence of TMV on tobacco.

a The treatments namely TMV; TdsCP (TMV ? dsRNA_CP);

Tdsp126 (TMV ? dsRNA_p126) were applied. Disease incidence

was calculated based on the number of plants infected out of 20 plants

used in each treatment. The results were expressed as mean values of

two independent experiments. b Effect of dsRNAs on growth of

Nicotiana tabacum cv Xanthi plants; tobacco plants that received

dsRNAs and TMV exhibited an increase in biomass when compared

to water-treated plants. c RT-PCR and stem-loop RT-PCR analysis in

the TMV, TMV/TMV dsCP treatments

Planta

123



9

双链 RNA 合成系统  | RNA 合成系统

T7 RiboMAX™ Express RNAi 
System

T7 RiboMAX ™ Express RNAi System 为短时间内产生毫克级的双链 RNA(dsRNA) 而设计，其制备的 dsRNA 中不含蛋白和其
它成分的污染，适合于哺乳动物和非哺乳动物系统的 RNA 干扰 (RNAi) 研究。可用于合成哺乳动物系统实验中的 21bp 的短干扰 

RNAs(siRNAs)。体外合成的 siRNAs 已被证明能够与化学合成的 siRNAs 一样有效，均可在哺乳动物细胞中诱导 RNA 干扰。此
外 , 此系统还可合成将近 200bp 或更长的 dsRNA 分子，产物可被应用于非哺乳动物系统。两条互补的 RNA 链是以 DNA 为模板
来合成的 ( 模板可以是质粒或 PCR 产物 )。产生的 RNA 链在转录反应后退火形成 dsRNA。反应中残存的单链 RNA 和 DNA 模
板会以核酸酶消化去除。然后以异丙醇沉淀来纯化 dsRNA ，得到的 dsRNA 可被用于选择进行 RNAi 实验的生物体。

左图： 天然聚丙烯酰胺凝胶电泳显示化学合成或体外转录法获得的 siRNA。
1.   10bp DNA ladder（ G4471 ）
2.   21bp 化学合成 Renilla siRNA（Dharmacon）
3.   21bp Relina siRNA ， T7 RiboMAX™ Express RNAi System 合成
4.   21bp 的 p53 siRNA ， T7 RiboMAX™ Express RNAi System 合成 
5.   49nt Renilla shRNA（19bp 双链，9nt 核苷酸环，2-U 3’突出端），
      T7 RiboMAX™ Express RNAi System 合成
注意：siRNA 迁移比双链 DNA 慢。

左图：293T 细胞中，siRNA 可抑制细胞内源 p53 的表达。
1.   对照 scrambled siRNA
2.   p53 siRNA ，T7 RiboMAX™ Express RNAi System 合成 
3.   p53 siRNA ，化学合成。

• 节省时间： 可在 30 分钟内产生毫克级 RNA。
• 将移液的误差减至最低： 4 种 rNTPs 和 2X 转录缓冲液已经混合，可将移液误差和组装反应组分的时间减到最小。
• 经验证的性能：数千篇文献应用。

siRNA、dsRNA 合成 毫克级 RNA

特点

应用举例：siRNA 合成及 siRNA 功能验证

• Juvenile Hormone Activates the Transcription of Cell-division-cycle 6 (Cdc6) for Polyploidy-dependent Insect 

Vitellogenesis and Oogenesis. J Biol Chem. 2016
• The C. elegans SoxC protein SEM-2 opposes differentiation factors to promote a proliferative blast cell fate in the 

postembryonic mesoderm. Development. 2011
• Control of coleopteran insect pests through RNA interference. Nature Biotechnology. 2007

应用文献

订购信息

产品 规格 目录号

T7 RiboMAX™ Express RNAi System 50 × 20μl P1700

T7 RiboMAX™ Express RNAi System. . .  continued

16

We used the T7 RiboMAX™ Express RNAi System to
generate 21bp siRNAs for several targets, as well as a
hairpin siRNA. Following in vitro transcription and
purification, aliquots of each siRNA were analyzed on 
a 4–20% native polyacrylamide gel and compared to a
chemically synthesized siRNA of the same size. As seen
in Figure 2, the in vitro synthesized siRNAs migrated
comparably to the chemically synthesized siRNA. The
larger hairpin siRNA migrated more slowly, as expected.

The yield of siRNA or hairpin siRNA generated from
different annealed DNA oligonucletide templates are
shown in Table 1. Yields of >500µg siRNA per milliliter
of reaction or >1mg hairpin siRNA per milliliter of
reaction are typical. Users can maximize yield for any
particular template by increasing the incubation time
from 30 minutes to 2 hours or by incubating the
transcription reaction at 42°C instead of 37°C; this 
can increase the transcription efficiency of GC-rich
templates or those with secondary structure.

Template Design and Considerations
The template DNA for generating small RNAs using 
in vitro transcription consists of annealed DNA
oligonucleotide duplexes. A T7 RNA Polymerase
promoter sequence is engineered into the top- and
bottom-strand oligos to allow transcription. The target
sequence must contain the sequence 5’-GN17C-3’ to allow
efficient transcription initiation by T7 RNA Polymerase.

Each siRNA requires two separate, annealed DNA
oligonucleotide templates, and thus a total of four
oligonucleotides are necessary. One template transcribes
the sense RNA strand, and the other template transcribes
the antisense RNA strand. The sequence requirements for
these oligonucleotides are shown in Figure 3. Following
separate transcription reactions of these two annealed
DNA oligonucleotide templates, the sense and antisense
RNA strands are annealed to form the siRNA.

A single DNA template containing two annealed
oligonucleotides may be used to generate a single
hairpin siRNA. Several studies have demonstrated 

that short hairpin RNAs (shRNAs) that contain ~19
nucleotides of perfectly matched base pairing, are
connected by various spacer regions and end in a 
2-nucleotide 3’-overhang can be as efficient as siRNAs 
at inducing RNA interference (8, 12–17). Synthesis of a
shRNA requires two long oligonucleotides, which when
annealed, serve as the template for synthesizing a single
RNA molecule. This RNA anneals to itself to form the
hairpin structure. The loop length and sequence shown
in Figure 3 were obtained from reference 13.

Each shRNA requires one single, annealed DNA oligo-
nucleotide template, and thus a total of two oligo-
nucleotides are necessary. The sequence requirements 
for these oligonucleotides are also shown in Figure 3.

siRNA and Hairpin siRNA are Functional in RNAi
To verify that the siRNAs or shRNAs produced using 
the T7 RiboMAX™ Express RNAi System were functional
for RNA interference in mammalian cells, we tested two
different model systems. One system targeted a stably
integrated exogenous reporter gene, while the second
system targeted an endogenous transcription factor gene.

CHO cells stably expressing Renilla luciferase were
transfected with either siRNAs or shRNAs generated
using the T7 RiboMAX™ System. Each siRNA was either
synthesized chemically or in vitro. An siRNA molecule
that contained nucleotides found in the target site
“scrambled” in a random manner was transfected as a
negative control. The average inhibition of Renilla
luciferase activity compared to the scrambled siRNA
control is shown in Figure 4. The in vitro synthesized
siRNAs against the three different target sites functioned
comparably to the chemically synthesized siRNA of the
same sequence. In addition, the shRNAs synthesized 
in vitro performed comparably to the other siRNAs. 
Thus siRNAs or shRNAs synthesized in vitro using the 
T7 RiboMAX™ System are functionally equivalent to
chemically synthesized siRNAs for inducing RNAi.

A second mammalian model system involved inhibiting
the expression of an endogenous target. We chose the
transcription factor p53, the most commonly mutated
tumor suppressor gene in human cancers (18). The p53
protein has a short half-life but can be stabilized with
either point mutation of the gene or interaction with 

Table 1. Yields of Six Different siRNA Templates Synthesized Using the 
T7 RiboMAX™ Express RNAi System (average of triplicates per
template).

siRNA Sample Yield (mg siRNA/ml reaction)
Renilla Site 1 siRNA 0.85
Renilla Site 1 hairpin siRNA 4.20
Renilla Site 2 siRNA 1.50
Renilla Site 2 hairpin siRNA 2.10
Renilla Site 3 siRNA 1.20
Renilla Site 3 hairpin siRNA 1.70

1 2 3 4 5
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Figure 2. Native polyacrylamide gel analysis of different siRNA
molecules generated using the T7 RiboMAX™ Express RNAi System.
Approximately 50ng of each siRNA was analyzed on a 4–20% TBE PAGE gel with TBE
running buffer. Following electrophoresis the gel was stained with 0.5µg/ml ethidium
bromide. Lane designations: lane 1, 10bp DNA Step Ladder (Cat.# G4471); lane 2,
21bp chemically synthesized Renilla siRNA (Dharmacon); lane 3, 21bp Renilla siRNA
synthesized using the T7 RiboMAX™ Express RNAi System; lane 4, 21bp p53 siRNA
synthesized using the T7 RiboMAX™ Express RNAi System; lane 5, 49-nucleotide
long Renilla shRNA (19bp duplex with 9 nucleotide loop and 2-uridine 3´ overhang)
synthesized with the T7 RiboMAX™ Express RNAi System. Note: siRNA migrates
more slowly than double-stranded DNA.

Promega Notes www.promega.com Number 85 2003 17

certain DNA tumor virus proteins, such as the SV40 large
T antigen. We used 293T cells to test for inhibition of the
p53 target because they contain the SV40 large T antigen
that allows for a high level of p53 accumulation. The cells
were transfected with either scrambled siRNA, chemically
synthesized p53 siRNA, or p53 siRNA generated using the
T7 RiboMAX™ Express RNAi System. 

The results shown in Figure 5 demonstrate that both 
the chemically synthesized and in vitro transcribed p53
siRNAs were capable of reducing p53 protein levels. The
p53 siRNA generated using the T7 RiboMAX™ Express
RNAi System is functionally comparable to the
chemically synthesized p53 siRNA of the same sequence.

– p53

– β-actin

1 2 3
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Figure 5. Suppression of endogenous p53 protein. Twenty-four hours after
plating in a 12-well plate, 293T cells were transfected with 200ng scrambled siRNA
(lane 1), 200ng in vitro synthesized p53 siRNA (lane 2), or 200ng chemically
synthesized p53 siRNA (lane 3) using the siLentGene™ Transfection Reagent. Twenty-
four hours following transfection cells were lysed using 1X Reporter Lysis Buffer (Cat.#
E3971) containing protease inhibitors and the protein quantitated using the BCA Protein
Assay (Pierce). Equal amounts of each lysate (10µg) were separated on a 4–12%
polyacrylamide Bis-Tris gel (Invitrogen) and transferred to Hybond®-C membrane
(Amersham). The blot was probed with both a p53 antibody (Calbiochem) and a β-actin
antibody (Abcam). Detection was done using a goat anti-mouse HRP conjugate (Cat.#
W4021) and the chemiluminescent detection reagents in the Transcend™
Chemiluminescent Non-Radioactive Translation Detection System (Cat.# L5080). 
The blot was exposed to Kodak X-OMAT® film for approximately 4 minutes. In addition,
the simultaneous detection of the β-actin protein controlled for loading and transfer.
The p53 and β-actin bands are indicated and are of the expected sizes. 

Figure 4. Comparing three different Renilla siRNAs generated either
chemically or in vitro using the T7 RiboMAX™ Express RNAi System to
reduce the expression of Renilla luciferase. CHO cells stably expressing the
codon-optimized Renilla luciferase (hRluc) gene were transfected with 20ng of siRNA
to three different sites in the hRluc mRNA. In addition, in vitro synthesized shRNAs to
the same 3 sites were also tested. As a negative control a scrambled siRNA was used;
as a positive control chemically synthesized siRNAs were used (Dharmacon).
Transfections were performed in replicates of 8 in 96-well plates using the
siLentGene™ Transfection Reagent. Following transfection (24 hours), quadruplicate
wells were processed for either hRluc activity using the Renilla Luciferase Assay
System(d,e) or cell number using the CellTiter-Glo® Luminescent Cell Viability
Assay(e,f). The ratio of the the average hRluc signal compared to the average CellTiter-
Glo® signal for each siRNA transfection was calculated, and the decrease in this ratio
relative to the scrambled siRNA control was determined. The data is presented as the
percent decrease in the Renilla/CellTiter-Glo® Assay ratio as compared to a transfected
scrambled siRNA. D = chemically synthesized siRNA from Dharmacon; P = in vitro
transcribed using the T7 RiboMAX™ Express RNAi System; HP = shRNA in vitro
transcribed using the T7 RiboMAX™ Express RNAi System. All in vitro generated
siRNAs and shRNAs were synthesized purified as described in Technical Bulletin
#TB316. The siRNAs and shRNAs were quantitated by 2.5% agarose/1X TAE gel
analysis and compared to known amounts of a chemically synthesized siRNA.
Following electrophoresis, the gel was stained with 1:10,000 SYBR® Green II stain
(Molecular Probes) for 20 minutes and the gel scanned and quantitated using a
Molecular Dynamics STORM® fluorescent scanner (blue mode; PMT = 1,000).
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Oligo 1 (top strand for sense): 5´-GGATCCTAATACGACTCACTAATA-G1N2–18C19-3´ (G1N2–18C19 = sense mRNA sequence)

Oligo 1 (top strand for hairpin): 5´-GGATCCTAATACGACTCACTAATA-G1N2–18C19(sense)-TTCAAGAGA(loop)-G19N18–2C1(antisense)-3´

Oligo 3 (top strand for antisense): 5´-GGATCCTAATACGACTCACTAATA-G19N18–2C1-3´ (G19N18–2C1 = antisense mRNA sequence)

Oligo 2 (bottom strand for sense): 3´-CCTAGGATTATGCTGAGTGATAT-C1N2–18G19-AA-5´

Oligo 2 (bottom strand for hairpin): 3´-CCTAGGATTATGCTGAGTGATAT-C1N2–18G19(sense)-AAGTTCTCT(loop)-C19N18–2G1(antisense)-AA-5´

Oligo 4 (bottom strand for antisense): 3´-CCTAGGATTATGCTGAGTGATAT-C19N18–2G1-AA-5´
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Oligonucleotides for siRNA Production:

mRNA Target: 5´-G1N2–18C19-3´

Oligonucleotides for Hairpin siRNA Production:

Complement: 3´-C1N2-18G19-5´

Figure 3. Required DNA oligonucleotides to generate templates for making siRNA or hairpin siRNA. The sense sequence of the target mRNA is assumed to be the
protein coding sequence.



系统组分产品

Promega 除了提供多种性能卓越的 RNA 合成试剂盒系统，同时还提供系统的组分类产品，包括核糖核苷酸、克隆载体和用于转
录、引物延伸和基因表达研究的支持产品。

• 系统组分列表 ………………………………………………………………………………………………… 11

• 加帽系统介绍 ………………………………………………………………………………………………… 12

10
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系统组分产品列表   | 系统组分产品

系统组分产品列表
组分功能 产品 规格 目录号

 加帽系统 Ribo m7G Cap Analog
10 A254 units P1711

25 A254 units P1712

阳性对照模板 pGEM® Express Positive Control Template 10ug P256

核糖核苷酸

rATP, 10mM 0.5ml P113

rCTP, 10mM 0.5ml P1142

rGTP, 10mM 0.5ml P1152

rUTP, 10mM 0.5ml P1162

rATP, 100mM 400µl E6011

rUTP, 100mM 400µl E6021

rGTP, 100mM 400µl E6031

rCTP, 100mM 400µl E6041

rATP, rCTP, rGTP, rUTP, each at 10mM in separate tubes 4X0.5ml P1221

rATP, rCTP, rGTP, rUTP, each at 100mM in separate tubes 4X400ul E6000

克隆载体

pSP64 Poly(A) Vector 20µg P1241

pGEM®-3Z Vector 20µg P2151

pGEM®-4Z Vector 20µg P2161

pGEM®-5Zf(+) Vector 20µg P2241

pGEM®-7Zf(+) Vector 20µg P2251

pGEM®-3Zf(-) Vector 20µg P2261

pGEM®-3Zf(+) Vector 20µg P2271

pGEM®-T Easy Vector System I 20 reactions A1360

pGEM®-T Easy Vector System II 20 reactions A1380

pGEM®-T Vector System I 20 reactions A3600

pGEM®-T Vector System II 20 reactions A3610
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系统组分产品  | 加帽系统介绍

Ribo m7G Cap Analog

Ribo m7G Cap Analog 是经过修饰的、具有 (m7G(5‘)ppp(5’)G) 结构的核糖核酸。这种甲基化的核糖核酸可以掺入到体外合成转
录子的 5‘ 末端，并模仿大多数真核 mRNA 分子中的 7- 甲基鸟嘌呤 5’ 帽子结构。

加帽系统 配套 Riboprobe® 和 RiboMAX™ 系统 

• 促进翻译： 提高许多基于网织红细胞反应的翻译效率。
• 高效： 阻止 RNA 在细胞内降解。
• 灵活： 可用于 Riboprobe® Systems 或 RiboMAX™ Large Scale RNA Production Systems。

特点

• Identification of G-quadruplexes in long functional RNAsusing 7-deazaguanine RNA. Nature Chemical Biology.2017
• Evidence for different, host‐dependent functioning of Rx against both wild‐type and recombinant Pepino mosaic virus. 

Molecular plant.2016  

• A pathogenicity determinant maps to the N‐terminal coat protein region of the Pepino mosaic virus genome. Molecular 
plant.2015

• Sperm-derived WW domain-binding protein, PAWP, elicits calcium oscillations and oocyte activation in humans and mice. 

The FASEB Journal. 2014

应用文献

订购信息

产品 规格 目录号

Ribo m7G Cap Analog (40 mM )
10 A254 units P1711

25 A254 units P1712
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RiboMAX™ 体外转录系统
最新应用进展

1. RNA 与人类疾病相关蛋白质相互作用研究 …………………………………………………………………… 14

2. RNA 与植物发育中蛋白的相互作用研究…………………………………………………………………….……14

3. Leigh 综合征的 mRNA 治疗研究 ……………………………………………………………………………… 14

4. 指导 RNA 进行 CRISPR 基因编辑 …………………………………………………………………………… 14

5. cDNA 文库的制备 ……………………………………………………………………………………………… 14

6. 病毒 RNA 结构和功能研究 …………………………………………………………………………………… 15

7. RNAi 疗法的发展研究 ………………………………………………………………………………………… 15

8. 病毒 RNA 的接种研究 ………………………………………………………………………………………… .15

9. 用于实时 qPCR 检测的 RNA 标准品 ………………………………………………………………………… 15
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1. RNA 与人类疾病相关蛋白质相互作用

2. RNA 与植物发育中蛋白的相互作用

3. Leigh 综合征的 mRNA 治疗研究

4. 指导 RNA 进行 CRISPR 基因编辑

5. cDNA 文库的制备

文献：Cis- and trans-regulations of pre-mRNA splicing by RNA editing enzymes influence cancer development. Nature Commnications, 2020

研究目的：生物体内的 mRNA 通过 RNA 编辑和剪接进行调控。如果这些过程中发生错误，则会引起蛋白表达改变或 RNA 突变，从而导致神经
系统疾病、癌症或其他疾病。为了了解这些过程，往往需要通过使用经过标记的 RNA 探针，如 RNA 电泳迁移率变动分析（REMSA），来研究
蛋白质和 RNA 之间的相互作用。 Tang 等人利用大规模体外转录系统生产经过标记的 RNA 探针，研究 RNA 编辑和剪接机制之间的串扰及在癌
症中的作用。

应用产品： RiboMAX™ Large Scale RNA Production System

实验结论：作者利用经过标记的 RNA 探针，通过 REMSA 和体外 UV 交联检测证实了蛋白质和 RNA 之间的相互作用。

文献：PbTTG1 forms a ribonucleoprotein complex with polypyrimidine tract-binding protein PbPTB3 to facilitate the long-distance trafficking 
of PbWoxT1 mRNA. Plant Science 2019

研究目的：嫁接是一种园艺技术，将一种植物的芽或枝条与另一种植物的砧木连接，引起表型变化，产生味觉或抗病性的变化。产生这种效应的
部分原因是在嫁接物间长距离转移 mRNAs 从而调节植物生长。RNA 结合蛋白及其所形成的核糖核蛋白（RNP）复合物可促进 mRNAs 的转移。
为了更详细地研究 RNP 复合体，Wang 等人使用体外转录方法制备经过生物素标记的 mRNA，用目标 RNA 结合蛋白（RBP）进行 REMSA。

应用产品： T7 RiboMAX™ Express Large Scale RNA Production System

实验结论：当 mRNA 结合一个以上的 RNP 时，RNP 复合体的稳定性增加，RNP 的不同组合也会影响稳定性。

文献：Validation of a mitochondrial RNA therapeutic strategy using fibroblasts from a Leigh syndrome patient with a mutation in the mitochondrial 
ND3 gene. Nature Scientific Reports,2020

研究目的： Leigh 综合征是一种可导致精神和运动技能丧失的遗传性神经退行性疾病，患者通常在几岁时即死亡。导致这种疾病的遗传因素很多，
其中之一就是线粒体 DNA 的突变。Yamada 等人使用体外转录系统研究 mRNA 作为线粒体 DNA 相关 Leigh 综合征治疗药物的潜在可能性。

应用产品： RiboMAX™ Large Scale RNA Production System

实验结论：作者发现，包裹在脂质体载体中的体外转录 mRNA 减少了病变细胞线粒体中的突变 RNA 数量。

文献： CRISPR/Cas9-mediated precise genome modification by a long ssDNA template in zebrafish. BMC Genomics.2020

研究目的：为了进行 CRISPR/Cas9 基因编辑，需要一种引导 RNA（gRNA）将 Cas 蛋白“引导”到所需的 DNA 修饰位点。体外转录正在成为
创建这些引导 RNA 的常见选择。如有需要，客户可以轻松地将 DNA 模板克隆到 PCR 克隆载体，如 pGEM® -T Easy，或任何其他选定的载体。
Bai 等人利用体外转录系统生产长 gRNAs 以测试一种新的 CRISPR/Cas9 介导的基因组编辑方法，该方法可用于在斑马鱼中引入精确突变。使
用长单链 DNA 模板的新方法，能够更高效地引入准确的点突变，并可在斑马鱼中建立人类疾病模型。

应用产品： T7 RiboMAX™ Express Large Scale RNA Production System

文献：Next-generation sequencing coupled with a cell-free display technology for high-throughput production of reliable interactome data. Nature 
Scientific Reports,2012.

研究目的：互补 DNA（cDNA）文库可用于研究基因表达和蛋白质的相互作用，使客户能够寻找新的基因。cDNA 文库常用于在原核宿主中研究
真核基因和蛋白质。如需制备 cDNA 文库，客户要从 mRNA 开始。获得这种 mRNA 的一种方法是通过生物体或特定目标基因的体外转录，然
后再进行逆转录以创建 cDNA 文库。体外转录允许客户选择目标基因组的特定片段或序列，故优于其他方法。Fujimori 等人开发了一种结合二代
测序（NGS）的高通量无细胞 mRNA 显示方法，用于探索蛋白质相互作用组网络。使用体外转录系统生成的 mRNA 可用于制备无细胞方法的
cDNA 文库。

应用产品： RiboMAX™ Large Scale RNA Production System (SP6)
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6. 病毒 RNA 结构和功能研究

7. 研究 RNAi 疗法的发展

8. 病毒 RNA 的接种研究

9. 用于实时 qPCR 检测的 RNA 标准品

文献：Structural and functional conservation of cis-acting RNA elements in coronavirus 5'-terminal genome regions.Virology,2018.  

研究目的：已知 6 种冠状病毒中的 4 种可引起世界各地的普通感冒。其中，严重急性呼吸综合征（SARS）和中东呼吸综合征（MERS）病毒可
引起严重的、致死性疾病。

利用体外转录系统，Madhugiri 等人转录出大量的、高质量的人冠状病毒 RNA，用于引物延伸的 RNA 结构探测（7）。这使得他们能够分析和可
视化 RNA 二级结构。采用突变的病毒 DNA 进行的生物信息学和体内实验，他们确定了病毒复制所需的三个茎环结构，并且这些结构在种属间高
度保守。

应用产品： T7 RiboMAX™ Express Large Scale RNA Production System

文献： Gene silencing of VP9 gene impairs WSSV infectivity on Macrobrachium rosenbergii. Virus Research.2016

研究目的：白斑综合征病毒（WSSV）被认为是对虾类养殖业最具威胁的严重传染性病原体。这种病毒的毒力高，致病性强，对虎虾、大西洋白
虾等对虾造成的潜在死亡率高达 100%。目前，还没有治疗这种病毒的方法。WSSV 的非结构蛋白 VP9 疑似与病毒基因组的复制、病毒颗粒的
产生和宿主细胞功能的抑制有关。然而，VP9 在体内的功能尚不十分清楚。

Alenton 等人利用 RNAi 研究感染 WSSV 的对虾宿主与病原体的相互作用。RNAi 涉及利用双链 RNA（dsRNA）沉默相应基因的表达。使用体外
转录系统生产 VP9 的 dsRNA 和对照靶基因。

应用产品： T7 RiboMAX™ Express Large Scale RNA Production System

研究结论：作者发现，沉默 VP9 提高了对虾的病毒清除率和总存活率。

文献： Hepatitis C Virus Indirectly Disrupts DNA Damage-Induced p53 Responses by Activating Protein Kinase R，American Society 
for Microbiology.2017

研究目的：根据 CDC 的数据，美国 50% 的肝癌病例是由丙型肝炎病毒（HCV）感染引起的（9）。HCV 是一种可致癌的 RNA 病毒，该病毒可被
筛查，并且大部分可用抗病毒药物治疗。已证明多种致癌 DNA 病毒能使 p53 肿瘤抑制蛋白失活，但 HCV 影响 p53 的机制尚不清楚。

Mitchell 等人使用体外转录系统从复制缺陷型对照质粒中转录 HCV 基因组长度的 RNA。将转录的病毒 RNA 电转到允许 HCV 复制的 HepG2 细
胞中、引起病毒感染。从而研究 p53 蛋白和其他相关蛋白在 HCV 感染细胞中的作用。

应用产品： T7 RiboMAX™ Express Large Scale RNA Production System

研究结论：结果表明，p53 的抑制实际上是由宿主对病毒 RNA 复制的反应——蛋白激酶 R（PKR）的激活引起的。PKR 的这种激活一般会减少所
有蛋白质的合成，包括 p53，进而抑制 DNA 损伤反应。

文献： A new highly sensitive real-time quantitative-PCR method for detection of BCR-ABL1 to monitor minimal residual disease in chronic 
myeloid leukemia after discontinuation of imatinib。PLOS ONE 2019

研究目的：慢性髓性白血病（CML）是一种影响造血干细胞的疾病，可引起异常血细胞不受控制的增殖。一种治疗选择是使用酪氨酸激酶抑制剂
进行靶向治疗。治疗期间，必须监测患者的微小残留病变（MRD），确认进展并避免复发。监测 MRD 最灵敏的方法是使用实时 qPCR 进行分子
检测。 Kitamura 等人开发了高灵敏度的 MRD 实时 qPCR 检测方法，使用体外转录系统生产检测用 RNA 标准品。

应用产品： T7 RiboMAX™ Express Large Scale RNA Production System

实验结论：新的检测方法快速且易于操作，使其可应用于医院实验室和其他低通量场景。
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