
Instruction manual of MiPRIME platform

1. Introduction

MiPRIME(https://www.ai-bt.com), a real-time Microbial Primer Mining platform for

primer/probe sequences extraction of pathogenic microorganisms, reducing time and trial-and-

error costs, and filling a gap in the pan-microbial field of literature-sourced primer platforms.

The Platform instruction manual is designed to help users get familiar with and master the basic

functions and use methods of this website. This website provides users with rich information

and convenient interactive experience, through this manual, you will be able to easily get started,

make full use of the various functions of the website.

The platform can be visited by computers and mobile phones, and supporting international

common browsers, such as chrom, safari, firefox, edge and so on.

2. Register and Login

2.1 Register

Click the "Sign up" button on the homepage of the website and fill in the necessary

personal information, including Account name and password.

https://www.ai-bt.com


2.2 Login

Please enter the account name and password that you fill in during registration into the

"Sign In" box on the homepage of the website and click on the "Sign In" button. After

successfully login, you will be able to access and use all the functions of the website.

3. Main Functions of MiPRIME

3.1 Home Page

The MiPRIME homepage mainly provides a summary of the platform overview and design

highlights.



The pipeline of the MiPRIME platform consists of three major steps.

First, database construction, to construct a Pan-species primer/probe mining platform we

built a comprehensive in-house database as data sources for worldwide primer/probe

information, which including 3 databases of i) a biomedical literature database with 40 million

open-access articles that provide sources of worldwide published pan-species microbial

primer/probe sequences; ii) a pan-species sequence database with 548,942 microorganism

reference genomes used to validate the accuracy of discovered primer/probe sequences; and iii)

AMR and virulence factors (VFs) database for the annotation the resistance and toxin genes of

target microbial species.

Secondly, primer/probe extraction model, to accurately identify targeting primer/probe

information from massive literatures, we developed an BioBERT based text mining model that

was fine-tuned using our in-house manually annotated corpus. In this model, entity recognition

methods such as regular expression matching, dictionary-based matching, and GNormPlus

were used for the identification of primers and species. And the association between them were

supported and confirmed by both word co-occurrence analysis and sequence alignment.

Thirdly, best primer/probe recommendation, for auto-recommendation of species-specific

primers with best coverage and high PCR success rates, we proposed a primer evaluation

metric, PRscore, which is a weighted sum of primer specificity, coverage, GC content, Tm,

hairpin, dimer, etc. Usually, primers with the highest PRscores were preferred.



3.2 Primer Probe Intelligent Mining

3.2.1 Search interface of MiPRIME

Users can enter the species name (eg. Streptococcus pyogenes) or species TaxID (eg.

1314) in search box, and the search supports auto-completion function.

3.2.2 Task List

After the user submitted the query, the project enters the Task List, which records the task

submission time and task status in detail. When Task Status displays "running", it means that

the project is running; when Task Status displays "View Results", it means that the project

results are

available.

3.3 Platform results interface

The result page of MiPRIME is divided into 3 sections: species overview, primer list, and

gene statistics.



3.3.1 Species overview

This section presents some basic information about the species, such as Name, Tax ID,

Rank, Super kingdom, and Genus. In particular, the Tax id links to the NCBI website (eg.

Streptococcus pyogenes,

https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1314 ), which provides

detailed information about the species.

https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1314


3.3.2 The summary list of literature source primers

3.3.2.1 Primer table Details

(1) PRscore

Primer Ranking score, a weighted primer evaluation metric to assess the performance of a

primer. The table is sorted by default in descending order of the PRscore, which was calculated

using the following formula:
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where “푃푠푝�푐푖푓푖푐푖��” refers to the percentage of the primers successfully mapped to the

reference genome; “ 푃푐�푣���骠� ” refers to the percentage of the sequences successfully

aligned; “���” refers to whether the value of Tm is between 50 -80℃, where 1 is yes, 0 is

no; “�퐺�% “ refers to whether the GC content is between 40-60%, also 1 is yes, 0 is no;

“�ℎ�푖�푝푖�” refers to the sum of forward primer hairpin score level and reverse primer hairpin

score level; the primer hairpin score leverl refers to whether the ∆G of hairpin calculated by

MFEprimer is less than 4, when 1 is yes, 0 is no.“�푑푖���” refers to the sum of forward primer

self-dimer score level, reverse primer self-dimer score level, and cross-dimer score level of

forward/reverse primer score; the dimer score level refers to whether the ∆G of hairpin

calculated by MFEprimer is less than 4, when 1 is yes, 0 is no. “�푙푖�������”refers to the

number of supported articles. Here we modify the literature weights by the specificity of the

primers, since primers with lower specificity usually have higher numbers of supported

references.

Among these variables, the 푃푠푝�푐푖푓푖푐푖�� of the primer was computed as follows, and divided

into four levels: (1) Very High: 100. (2) High: ≥90. (3) Moderate: ≥50. (4) Low: <50.
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(2) Literature number



The number of supported articles

(3) Specificity Assessment

Primer specificity scores are obtained as follows: a) comparing primer sequences (F/R)

against the whole species reference genomes by a software, blastn. b) counting the number of

species or subspecies reference genomes that primers successfully mapped to. c) calculating

the percentage of successful sequence alignment.

The primer specificity scores are graded into four levels: a) Very High: the specificity score

is 100. b) High: the specificity score ≥ 90. c） Moderate: the specificity score ≥ 50. d) Low:

the specificity score <50.

(4) Amplicon Details

This section presents primer target sequence amplicon lengths, gene annotations, and

positional information.

(5) NCBI species sequence alignment

This section records the number of sequences of the queried species and the median

sequence length of the species.

(6) Coverage

Primer coverage refers to the proportion of target sequences in the available database that



are trapped by the primer (full-length sequence). -1bp-2bp-3bp means fine-tuning the primer

sequence, that is, shortening the length of the primers by 1bp, 2bp and 3bp

separately.

（7）User-defined

This section allows the user to label the primers according to their needs.

3.3.2.2 Six functional modules of Primer List

（1）Function 1 Forms Download

Users can click on ，which enables the form to be downloaded.

（2）Function 2 Filter Table

By clicking on , users can filter the primers according to its properties, such as

amplicon length, literatures support number, availability of probe sequence (yes or no), and

specificity assessment.



（3）Function 3 User-defined primer addition

By clicking , users can add primers and probes in a user-defined way.

When the input sequence is incorrect, a prompt will be given: Adding failed, please check if the

sequence format is incorrect.

（4）Function 4 User-defined coverage calculation

Users can click a button to perform primer coverage calculations.

Support users to enter forward primer, reverse primer and probe in the entry box. Or upload

related sequence (fasta format files).

（5）Function 5 Search Box

The search box allows the user to search for primers, probes, etc.

（6）Function 6 Additional information about primers

Users can click on the Expand button on the primer sheet to obtain some additional

information about that primer, including the position of the primer on the Reference genome,

amplicon details, the supporting reference for the primer and primer assessment. Click on the

title of the reference (in blue), which jumps to the full text and automatically tags the primer and



probe location in the article. The primer assessment section provides a detailed record of

probable hairpin structures, self-dimers, cross-dimers, etc. for both forward and reverse primers.

The ∆G of hairpins and dimers are calculated by MFEprimer.



3.3.3 The hotspots for gene amplification by primers in literature sources (Gene

Statistics)

We use tables and pie charts to represent the association of literature source primers with

species genes. The table details the gene name, the location of the gene in the reference

genome, and the number of primers. The pie chart shows the proportion of primer numbers for

each gene.

(1) Forms Download

Users can click on ，which enables the form to be downloaded.

(2) Search Box

The search box allows the user to search for gene name, etc.

(3) Details of primer-gene associations

Users can click on the Expand button on the primer sheet to obtain details of

primer-gene associations.

Details of gene location and sequence information

This section details chromosomes (chrom), positive and negative strands (strands), gene

name (gene), exon numbers (exonCount), start and end positions of transcripts (txStart / txEnd),

start and end positions of Coding DNA sequences (cdsStart / cdsEnd), start and end positions

of exons (exonStarts / exonEnds), and gene sequences. We label sequences with different

background colors for UTR, CDS, Intron, etc.



Details of associated primers

Here we plot a graph of the positions of primers and amplicons in a gene, with different

colored curves indicating different length ranges of amplicons, and horizontal lines at the

beginning and end of the curves indicating forward and reverse primers. This section lists all

primers in a gene, listing forward and reverse primer sequences and positions, amplicon

positions, etc.

Additional information can be found at the click of a button .

Again, information on the sequence and position of the forward and reverse primers, the

position and length of the amplicons, gene annotations, amplicon sequences, and related

references are given.



3.3.4 The submodule of MiPRIME for resistance and toxin gene detection

When the user clicks the button , a list of

resistance genes and their primers and probes are available, which are associated with the

species being queried. The table details organism name, AMR gene (Blue font with link to CARD

at https://card.mcmaster.ca/), forward / reverse primer sequences, probes, literature support

numbers, and amplicon lengths.

(1) Function 1 Forms Download

Users can click on ，which enables the form to be downloaded.

(2) Function 2 Search Box

The search box allows the user to search for AMR gene, forward /

reverse primer, etc.

(3) Function 3 Details of amplicon and References

Users can click on the Expand button on the sheet to obtain details of amplicon and



references.

(4) Function 4 AMR gene global distribution

Here is an example of anti-microbial resistance gene, mel. The result can be accessed at

http://106.37.92.187:1234/literature/aqe.php?db=cnki;pubmed&query=%22mel%20AND%20(re

sistance%20gene)%22&simultaneous=false. The user needs to click on the

button in order to access the world map and distribution map of the queried gene. On the world

map, red color indicates a higher quantity, while blue color indicates a lower quantity based on

literature number.

4. Notes about use

1. Please keep your account number and password properly without disclosing them to others

to avoid unnecessary losses.

2. If you encounter any problems or questions, please feel free to contact the site's support

staff (zhangzhim@coyotebio.com), we will be happy to serve you.
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