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1 研究背景
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2 现有方法的不足和挑战

Ø现有的蛋白质功能预测方法只注重从蛋白质自身挖掘知识，

忽略了编码基因和mRNA中的知识。

Ø基因组数据：基因序列（DNA序列）和表达数据

Ø转录组数据：mRNA序列



3 初步的方法和设想
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4 数据集构建

(1) 从蛋白质功能注释数据库GOA中，下载全部的蛋白质，共计134778个。

(2) 部分蛋白质，在UniProt中找不到对应的编码基因记录，故丢弃。剩余

100947个蛋白质。

(3) Training dataset: 81657 proteins, before 2021-12-31

(4) Validation dataset: 588 proteins, 2022-01-01 between 2022-06-30

(5) Test dataset: 1723 proteins, 2022-07-01 between 2023-06-30

(6) CD-HIT: (sequence identity<30%, training, validation, test datasets)



初步的实验结果  

Dataset 
 

Method 
Fmax  AUPR 

MF BP CC  MF BP CC 

Validation Dataset 

 (588 proteins) 

 DIOMAND 0.609 0.370 0.499  0.321 0.207 0.279 

 BLAST 0.631 0.363 0.520  0.434 0.236 0.360 

 Naive 0.432 0.256 0.449  0.244 0.155 0.331 

 ESM2 0.689 0.411 0.589  0.657 0.292 0.563 

 DNABERT2 0.461 0.319 0.520  0.357 0.219 0.468 

 ESM2 + DNABERT2 0.681 0.427 0.615  0.651 0.310 0.606 

Test Dataset 

(1723 proteins) 

 DIOMAND 0.632 0.340 0.474  0.386 0.193 0.249 

 BLAST 0.630 0.331 0.490  0.445 0.207 0.323 

 Naïve 0.367 0.218 0.389  0.196 0.112 0.257 

 ESM2 0.665 0.396 0.552  0.627 0.266 0.521 

 DNABERT2 0.444 0.356 0.483  0.339 0.266 0.427 

 ESM2 + DNABERT2 0.677 0.433 0.585  0.661 0.324 0.562 

 



目前存在的问题

Ø 部分基因序列过长，不好处理。

<10000: 61945

10000-20000: 8954

20000-30000: 5322

30000-40000: 3432

40000-50000: 2562

50000-60000: 1872

60000-70000: 1403

70000-80000: 1075

80000-90000: 961

>90000: 7112

Average: 28668



下一步的计划

Ø 测试mRNA序列的性能

Ø 将DNABERT2替换成其他语言模型，如NC-Transformer。

Ø 在蛋白质通道加入AF2预测的结构，采用图注意力网络，使模型更复杂。



数据统计

Ø 目前的数据集共计83968 proteins (Dataset I)

Training dataset: 81657 proteins

Validation dataset: 588 proteins

Test dataset: 1723 proteins

Ø 只有62683proteins在NCBI中找到mRNA sequences (Dataset II)

Training dataset: 60994 proteins

Validation dataset: 453proteins

Test dataset: 1236 proteins



 

Dataset I 
 

Method 
Fmax  AUPR 

MF BP CC  MF BP CC 

Validation Dataset 

 (588 proteins) 

 DIOMAND 0.609 0.370 0.499  0.321 0.207 0.279 

 BLAST 0.631 0.363 0.520  0.434 0.236 0.360 

 Naive 0.432 0.256 0.449  0.244 0.155 0.331 

 ESM2 0.689 0.411 0.589  0.657 0.292 0.563 

 DNABERT2 (Gene Sequence) 0.461 0.319 0.520  0.357 0.219 0.468 

 NC-Transformer (Gene Sequence) 0.467 0.301 0.543  0.299 0.184 0.454 

 ESM2 + DNABERT2 (Gene Sequence) 0.681 0.427 0.615  0.651 0.310 0.606 

  ESM2 + DNABERT2 (mRNA Sequence) 0.678 0.407 0.590  0.655 0.294 0.579 

  ESM2 + NC-Transformer (Gene Sequence) 0.693 0.421 0.597  0.665 0.310 0.576 

Test Dataset 

(1723 proteins) 

 DIOMAND 0.632 0.340 0.474  0.386 0.193 0.249 

 BLAST 0.630 0.331 0.490  0.445 0.207 0.323 

 Naïve 0.367 0.218 0.389  0.196 0.112 0.257 

 ESM2 0.665 0.396 0.552  0.627 0.266 0.521 

 DNABERT2 (Gene Sequence) 0.444 0.356 0.483  0.339 0.266 0.427 

 NC-Transformer (Gene Sequence) 0.438 0.370 0.493  0.329 0.271 0.396 

 ESM2 + DNABERT2 0.677 0.433 0.585  0.661 0.324 0.562 

  ESM2 + DNABERT2 (mRNA Sequence) 0.671 0.420 0.579  0.622 0.300 0.544 

  ESM2 + NC-Transformer (Gene Sequence) 0.670 0.433 0.584  0.645 0.329 0.540 

 



 

Dataset II  Method 
Fmax  AUPR 

MF BP CC  MF BP CC 

Validation Dataset  

(453 proteins) 

 ESM2 0.698 0.390 0.596  0.667 0.269 0.580 

 DNABERT2 (Gene Sequence) 0.504 0.317 0.543  0.387 0.218 0.523 

 DNABERT2 (mRNA Sequence) 0.531 0.297 0.518  0.411 0.198 0.492 

 ESM2 + DNABERT2 (Gene Sequence) 0.691 0.405 0.618  0.670 0.298 0.601 

 ESM2 + DNABERT2 (mRNA Sequence) 0.687 0.393 0.594  0.661 0.272 0.586 

Test Dataset  

(1236 proteins) 

 ESM2 0.659 0.392 0.550  0.621 0.258 0.525 

 DNABERT2 (Gene Sequence) 0.464 0.364 0.489  0.341 0.271 0.450 

 DNABERT2 (mRNA Sequence) 0.470 0.330 0.484  0.347 0.225 0.439 

 ESM2 + DNABERT2 (Gene Sequence) 0.677 0.434 0.588  0.637 0.326 0.564 

 ESM2 + DNABERT2 (mRNA Sequence) 0.667 0.414 0.568  0.620 0.293 0.545 

 



Ø mRNA不起作用的原因：mRNA中只有外显子序列，

它们直接通过密码子表翻译成氨基酸序列，因此

mRNA序列中的大部分知识和蛋白质序列中的知识重

复。
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