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摘要摘要摘要摘要： 

已测序的微生物基因组中包含的注释开放阅读框(open reading frames, ORFs)可以分为两大类：第一类对应于

功能已知的蛋白质编码基因；第二类则为功能未知的假设ORFs，其中通常有一部分实际上不编码蛋白质。采用基

于Z曲线的方法从属于第一类的功能已知基因出发训练参数，进而确定第二类ORFs中非编码的部分。通过支持向

量机的学习及分类，结果显示十重交叉检验平均正确率为98.45%，说明Z曲线联合支持向量机是一种高度准确的

基因识别方法。最终，确定216个假设ORFs实际上不编码蛋白质。通过采用Blastp进行序列比对，保留的假设

ORFs中有341个在高可靠性的条件下获得了功能信息。根据蛋白质直系同源簇方法进行功能分类，分别有30、
53、59和159个新注释的假设ORFs属于信息储存和加工类、细胞加工和信号传递类、新陈代谢类和特征不明显

类。另外还有70个不属于其中的任何一类。注释结果比RefSeq及GenBank提供的原注释更加准确，更加完整。 
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Reannotation of ORFs in Neisseria meningitidis MC58 Based on Z Curve Method

WEI Wen, GUO Fengbiao, WU Yinghui 

School of Life Science and Technology, University of Electronic Science and Technology of China, 
Chengdu 610054, China 

Abstract: 

Annotated ORFs in microbial genomes could be usually categorized into two groups: the first group 
corresponds to known genes; whereas the second one includes unknown-function ORFs. Because the 
annotation is not always accurate, it is necessary and important to confirm which ORF of the latter 
group is genuine gene and which is not. Starting from known genes in the former group, the authors 
used the combination of 21 Z curve variables and SVM to re-predict coding potentials of ORFs 
contained in the latter group. Ten-fold cross-validation result showed that the average accuracy of the 
method was greater than 98.45% for recognizing the known genes and the non-gene sequences in 
Neisseria meningitides genome. In other words, very high accuracy of recognition can be obtained by 
combining SVM and Z curve method. When applying the model to 810 hypothetical ORFs, 216 ones 
were consistently recognized as non-coding ORFs. Furthermore, functions had been assigned to 341 
hypothetical ORFs with high reliability by using Blastp search. According to the COG functional 
categories, 30, 53, 59 and 159 newly annotated hypothetical genes belong to the "information storage 
and processing", "cellular processes and signaling", "metabolism" and "Poorly characterized", 
respectively. Consequently, it provided a more comprehensive and precise annotation for Neisseria 
meningitidis MC58 than the original GenBank and RefSeq annotations.

Keywords: Neisseria meningitides MC58   Genome reannotation   21 Z curve parameters   Support 
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