
Vol 30, No. 3;Mar 2023

2 office@multidisciplinarywulfenia.org

Title
Research of predicting protein three-dimensional structure by Alphafold2
Author information
Yantong Ma,College of Life Science and Technology,Gansu agricultural university,730070,Lanzhou, China,
3193127256@qq.com
Xu Lu, College of Horticuture,Gansu agricultural universuty,730070 Lanzhou, China, 2457180577@qq.com
Lei Ma,College of Agromomy,Gansu agricultural university,730070,Lanzhou,China, 2467972188@qq.com
Jinyu Bao,College of Horticuture, Gansu agricultural universuty,730070,Lanzhou,China,
1031817055@qq.com
Jie Yang,College of Life Science and Technology ,Gansu agricultural university, 730070,Lanzhou, China,
546760375@qq.com
Kang Li, College of Life Science and Technology ,Gansu agricultural university, 730070,Lanzhou, China,
552185789@qq.com
Sheng Li, College of Life Science and Technology,Gansu agricultural university, 730070，Lanzhou, China,
lish@gsau.edu.cn
Shaoying Ma, Basic Experimental Teaching Center,Gansu agricultural university, Lanzhou, China,
mashy@gsau.edu.cn
Joint first author: Yantong Ma and Xu Lu
Corresponding author: Sheng Li and Shaoying Ma.
Abstract: In this paper, firstly, Alphafold2 was used to calculate the three-dimensional structure
(predicting structure) of three proteins 2LY9, 6Y4F and 6YJ1, and compared with the protein
structure (experimental structure) published by NCBI. Then, the quality of predicting structure
was evaluated. The results showed that the RMSD values of the predicting structure were less
than 3 Å, which was indicated that the difference distance between the predicted structure and the
experimental structure was less than 0.3nm. TM score was higher than 0.5, which showed that the
predicting structure by Alphafold2 had similar folding structure with the experimental structure.
The ramachandran plot showed that the residues in most favoured regions [A,B,L], in additional
allowed regions [a,b,l,p] and in generously allowed regions [~a,~b,~l,~p] was accounted for more
than 90% of the whole number of non-glycine and non-proline residues. The above results
showed that the function of predicting three-dimensional structure of protein by Alphafold2 was
very highly accurate. Subsequently, Alphafold2 was used to predict the three-dimensional
structure of protein related to auxin synthesis, and the stereo chemical quality of protein structure
was checked through residue geometry and overall geometry. The ramachandran plot showed that
the residues in most favoured regions [A,B,L], in additional allowed regions [a,b,l,p] and in
generously allowed regions [~a,~b,~l,~p] was accounted for more than 90% of the whole number
of non-glycine and non-proline residues. Therefore, the predicted structure by Alphafold2 could
highly be as the experimental structure of protein.
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Research of predicting protein three-dimensional
structure by Alphafold2

Abstract: In this paper, firstly, Alphafold2 was used to calculate the three-dimensional structure (predicting
structure) of three proteins 2LY9, 6Y4F and 6YJ1, and compared with the protein structure (experimental
structure) published by NCBI. Then, the quality of predicting structure was evaluated. The results showed
that the RMSD values of the predicting structure were less than 3 Å, which was indicated that the difference
distance between the predicted structure and the experimental structure was less than 0.3nm. TM score was
higher than 0.5, which showed that the predicting structure by Alphafold2 had similar folding structure with
the experimental structure. The ramachandran plot showed that the residues in most favoured regions
[A,B,L], in additional allowed regions [a,b,l,p] and in generously allowed regions [~a,~b,~l,~p] was
accounted for more than 90% of the whole number of non-glycine and non-proline residues. The above
results showed that the function of predicting three-dimensional structure of protein by Alphafold2 was very
highly accurate. Subsequently, Alphafold2 was used to predict the three-dimensional structure of protein
related to auxin synthesis, and the stereo chemical quality of protein structure was checked through residue
geometry and overall geometry. The ramachandran plot showed that the residues in most favoured regions
[A,B,L], in additional allowed regions [a,b,l,p] and in generously allowed regions [~a,~b,~l,~p] was
accounted for more than 90% of the whole number of non-glycine and non-proline residues. Therefore, the
predicted structure by Alphafold2 could highly be as the experimental structure of protein.
Keywords: Alphafold2; Three-dimensional structure; Protein; Quality evaluation
1 Introduction
Protein is essential for life. Predicting protein structure is of great significance for studying protein function
[1-4]. Analyzing protein structure is an important part of proteome planning, which helps to understand the
role of proteins, how proteins exercise biological functions, and the interaction between proteins (or other
molecules), which is very important for biology, medicine and pharmacy [5]. For unknown or newly
discovered proteins, functional annotation can be carried out through sequence analysis and
three-dimensional structure prediction to confirm functional units or domains, so as to provide a reliable
basis for designing new proteins or transforming existing proteins [6].
It is reported that more than 100,000 protein structure have been determined [7], but this is only a small part
of the billions of known proteins [8-9]. “Predicting the 3D structure of protein given an amino acid
sequence”, a seemingly difficult problem, will be solved with the emergence of Alphafold2 [10]. At present,
the methods with high accuracy for predicting protein three-dimensional structure are mainly divided into
two categories: Rosetta with three track nerve as the basic prediction logic and Alphafold2 [11]. By using the
neural network based method Alphafold2, the three-dimensional structure of almost the whole human
proteome has been predicted and available（https://www. Alphafold2. EBI. Ac.uk) [12]. At 14th Community
Wide Experiment on the Critical Assessment of Techniques for Protein Structure Prediction (CASP14),
Alphafold2 won the champion because the predicted protein three-dimensional structure by Alphafold2 are
extremely close to experimental structure of protein (https://predictioncenter.org/casp14/index.cgi)[13]. In
this study, firstly, the experimental structure of three proteins 2LY9, 6Y4F and 6YJ1 with the
three-dimensional structure predicted by Alphafold2 was compared to confirm the reliability of Alphafold2
function of predicting protein structure. Then, prediction structure and protein quality evaluation of 10
homologous proteins related to auxin synthesis was carried out, which will contribute to prediction structure
and function research of protein.
2 Experimental Design
2.1 Confirming the reliability of Alphafold2 function of predicting protein structure
Firstly, calculating the three-dimensional structure of the protein 2LY9 [14], 6Y4F [15] and 6YJ1 [14] by
Alphafold2 and plotted by Pymol. Then, comparing the three-dimensional structure of the protein 2LY9,
6Y4F and 6YJ1 by Alphafold2 with by NCBI to confirm the reliability of Alphafold2 function of predicting
protein structure.
2.2 Predicting the three-dimensional structure of protein byAlphafold2
The three-dimensional structure of protein (Mtarf03,10,12,23; PsARF15,17,32,33,36; Atarf17) predicted by
Alphafold2 was performed. The quality assessment analysis of three-dimensional structure of protein was
performed.
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3 Data download and processing
3.1Data download
Protein 2LY9, 6Y4F, 6YJ1, three-dimensional structure data were downloaded in NCBI, and amino acid
sequence files of 10 protein homologous families (Mtarf03,10,12,23; PsARF15,17,32,33,36; Atarf17) related
to auxin synthesis were downloaded.
3.2Alphafold2 calculates the spatial structure of proteins
Alphafold2 was used to determine the spatial coordinates of the selected base sequence and calculate the
spatial structure of the protein.
3.3Alphafold2 predicts protein structure analysis
The UCLA-DOE SAVE platform was used to perform PROCHECK analysis, PROVE analysis and ERRAT
analysis for the protein three-dimensional structure. TM-score and R.M.S.D were calculated between the
prediction structure and the experiment structure on RCSB platform (https://www.rcsb.org/alignment).
4 Results
4.1Alignment of Protein structure
4.1.1 Protein 2LY9three-dimensional structure alignment

Fig .1 Al i g n m en t of th e th ree- d im en s i o n al st ru c t u re of pr o t e i n 2LY9 . a ,Th e th ree- d im en s i o n al pr o t e i n st ru c t u re(e x p erim en t a l st ru c t u re) da t a do wn lo ad e d by NCB I(I m a g e by py m o l ). b, Th e pro t e i n
th ree-d im en s i o n al st ru c t u re(p re d i c t i n g st ru c t u re) by Alp h afo l d 2 (Im a g e by Pym o l ). c ,Th e co m p ari s o n di ag ram ab o u t th e th ree-d im en s i o n al st ru c t u re in NCB I an d th e th ree-d im en s i o n al st ru c t u re
ob t a i n ed by Alp h afo l d 2 (t he co mp a ri s o n im ag e by py m o l ). d, Th e pro t e i n st ru c t u re com p ar i s o n TM -s c o re an d R .M . S .D . e ,Th e pro t e i n erro r ev al u a t i o n an al y s is . Th e two li n es on th e err o r ax i s
rep res en t th e co n fi d en ce of re j ec t i n g th e are a ex ceed i n g th e erro r di ffe re n ce , ** rep re s en t s th e pe rce n t ag e of pr o t e i n s wh o s e ca l cu l a t i o n erro r va l u e is lo we r th an th e 95 % rej ec t i o n lim i t . f,Th e

ram ac h an d ra n pl o t by PROC H E C K an al y s is of pr o t e i n th ree-d im e n s i o n al st ru c t u re on UCL A - D O E SAVE pl a t fo rm . Th e sam e be l o w .

Fig.1 Protein 2LY9 three-dimensional structure alignment

In Fig.1a,b,c, it can be seen that the experimental structure and the predicted structure is exceedingly similar and the
contact ratio is high. As shown in Fig.1d, the results showed that the protein alignment TM-score was 0.73, R.M.S.D was
1.85 Å < 3 Å, which indicates that the three-dimensional structure distance of experimental structure and the predicted
structure in spatial coordinates is 0.186nm, and they have similar folding position (TM score=0.73). The overall score of
the 2LY9 experimental structure is 83.077 (Fig.1e). As shown in Fig.1f, the total number of residues of predicted structure
of 2LY9 was 74.The number of non-glycine and non-proline residues, the end-residue (excluding glycine and proline), the
glycine residues (shown in triangle) and the proline residue was 67, 2, 3 and 2. For prediction structure of protein 2LY9 ,
the number of residues in most favorable regions [A,B,L], in additional allowed regions [a,b,l,p], in generously allowed
regions [~a,~b,~l,~p], in disallowed regions, was 52,13,2 and 0, and was accounted for 77.6%, 19.4%, 3.0% and 0.0% of
the number of non-glycine and non-proline residues.
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4.1.2 Protein 6Y4F three-dimensional structure alignment

Fig .2 Al i g n m en t of th e th ree-d im e n s i o n al st ru c t u re of pr o t e i n 6Y4 F . a ,Th e th ree- d im en s i o n al pr o t e i n st ru c t u re(ex p e rim e n t a l st ru c t u re) da t a do wn lo ad ed by NCB I(Im a g e by py m o l ). b, Th e pro t e i n
th ree-d im en s i o n al st ru c t u re(p re d i c t i n g st ru c t u re) by Alp h afo l d 2 (Im a g e by Pym o l ). c ,Th e co m p ari s o n di ag ram ab o u t th e th ree-d im en s i o n al st ru c t u re in NCB I an d th e th ree-d im en s i o n al st ru c t u re
ob t a i n ed by Alp h afo l d 2 (t he co mp a ri s o n im ag e by py m o l ). d, Th e pro t e i n st ru c t u re com p ar i s o n TM -s c o re an d R .M . S .D . e ,Th e pro t e i n erro r ev al u a t i o n an al y s is . Th e two li n es on th e err o r ax i s
rep res en t th e co n fi d en ce of re j ec t i n g th e are a ex ceed i n g th e erro r di ffe re n ce , ** rep re s en t s th e pe rce n t ag e of pr o t e i n s wh o s e ca l cu l a t i o n erro r va l u e is lo we r th an th e 95 % rej ec t i o n lim i t . f,Th e
ram ac h an d ra n pl o t by PROC H E C K an al y s is of pr o t e i n th ree-d im e n s i o n al st ru c t u re on UCL A - D O E SAVE pl a t fo rm .

Fig.2 Protein 6Y4F three-dimensional structure alignment

In Fig.2a,b,c, it can be seen that the experimental structure and the predicted structure is exceedingly similar
and the contact ratio is high. In Fig.2d, the results showed that the protein alignment TM-score was 0.93,
R.M.S.D was 1.22 Å < 3 Å, which indicates that the three-dimensional structure distance of experimental
structure and the predicted structure in spatial coordinates is 0.122nm,and they have similar folding position
(TM score=0.93). The overall score of the 6Y4F experimental structure is 90.152 (Fig.2e). As shown in
Fig.2f, the total number of residues of predicted structure of 6Y4F was 141.The number of non-glycine and
non-proline residues, the end-residue (excluding glycine and proline), the glycine residues (shown in triangle)
and the proline residue was 113, 2, 13 and 13. For prediction structure of protein 6Y4F, the number of
residues in most favorable regions [A,B,L], in additional allowed regions [a,b,l,p], in generously allowed
regions [~a,~b,~l,~p], in disallowed regions, was 96, 14, 3 and 0, and was accounted for 85.0%, 12.4%, 2.7%
and 0.0% of the number of non-glycine and non-proline residues.
4.1.3 Protein 6YJ1 three-dimensional structure alignment

Fig .3 Al i g n m en t of th e th ree-d im en s i o n al st ru c t u re of pr o t e i n 6Y J 1 . a ,Th e th ree-d im en s i o n al pr o t e i n st ru c t u re(e x p erim en t a l st ru c t u re) da t a do w n lo ad ed by NCB I (Im ag e by py m o l ). b, Th e pro t e i n
th ree-d im en s i o n al st ru c t u re(p re d i c t i n g st ru c t u re) by Alp h afo l d 2 (Im a g e by Pym o l ). c ,Th e co m p ari s o n di ag ram ab o u t th e th ree-d im en s i o n al st ru c t u re in NCB I an d th e th ree-d im en s i o n al st ru c t u re
ob t a i n ed by Alp h afo l d 2 (t he co mp a ri s o n im ag e by py m o l ). d, Th e pro t e i n st ru c t u re com p ar i s o n TM -s c o re an d R .M . S .D . e ,Th e pro t e i n erro r ev al u a t i o n an al y s is . Th e two li n es on th e err o r ax i s
rep res en t th e co n fi d en ce of re j ec t i n g th e are a ex ceed i n g th e erro r di ffe re n ce , ** rep re s en t s th e pe rce n t ag e of pr o t e i n s wh o s e ca l cu l a t i o n erro r va l u e is lo we r th an th e 95 % rej ec t i o n lim i t . f,Th e
ram ac h an d ra n pl o t by PROC H E C K an al y s is of pr o t e i n th ree-d im e n s i o n al st ru c t u re on UCL A - D O E SAVE pl a t fo rm .

Fig.3 Protein 6YJ1 three-dimensional structure alignment

In Fig.3a,b,c, it can be seen that the experimental structure and the predicted structure is exceedingly similar
and the contact ratio is high. In Fig.3d, the results showed that the protein alignment TM-score was 0.96,
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R.M.S.D was 1.1 Å < 3 Å, which indicates that the three-dimensional structure distance of experimental
structure and the predicted structure in spatial coordinates is 0.111nm,and they have similar folding position
(TM score = 0.96). The overall score of the 6YJ1 experimental structure is 83.077(Fig.3e). As shown in
Fig.3f, the total number of residues of predicted structure of 6Y4F was 74.The number of non-glycine and
non-proline residues, the end-residue (excluding glycine and proline), the glycine residues (shown in triangle)
and the proline residue was 67, 2, 3and 2. For prediction structure of protein6YJ1, the number of residues in
most favorable regions [A,B,L], in additional allowed regions [a,b,l,p], in generously allowed regions
[~a,~b,~l,~p], in disallowed regions, was 52, 13, 2 and 0, and was accounted for 77.6%, 19.4%, 3.0% and
0.0% of the number of non-glycine and non-proline residues.
The above results indicated that the overall score of protein three-dimensional structure obtained by
Alphafold2 conforms to the conformation of protein model and the rules of stereochemistry. In other words,
it was proved that the predicted structure by Alphafold2 is credible. Then, prdicting structure of proteins
related with auxin synthesis was performed by Alphafold2.
4.2 Predicting the three-dimensional structure of the protein by Alphafold2

Fig .4 , th e th ree-d im e n s i o n al st ru c t u re of Mt arf 0 3 pro t e i n . a .Th e th ree- d im en s i o n al st ru c t u re of th e pro t e i n ca l cu l a t ed by al p h fo l d2 (Im ag e by py m o l ). b, Th e ram ac h an d ra n pl o t by PRO CH E CK
an al y s is of pr o t e i n th ree- d im en s i o n al st ru c t u re on UCL A - D O E SAVE pl a t fo rm . c ,P ro t e i n erro r ev al u a t i o n an al y s i s. Th e two li n es on th e erro r ax i s rep res en t th e co nf i d en ce of rej ec t i n g th e area
ex ceed i n g th e erro r va l u e . ** rep res e n t s th e pe rce n t ag e of pr o t e i n wh o s e ca l cu l a t ed err o r va l u e is lo we r th an th e 95 % rej ec t i o n lim i t .

Fig.4 Protein Mtarf03 three-dimensional structure and analysis

In Fig.4b, the total number of residues was 528.The number of non-glycine and non-proline residues, the
end-residue (excluding glycine and proline), the glycine residues (shown in triangle) and the proline residue
was 453, 2, 36 and 37. For prediction structure of protein Mtarf03, the number of residues in most favorable
regions [A,B,L], in additional allowed regions [a,b,l,p], in generously allowed regions [~a,~b,~l,~p], in
disallowed regions, was 391,61,0 and 1, and was accounted for 86.3%, 13.5%, 0.0% and 0.2% of the number
of non-glycineand non-proline residues. Protein error assessment analysis showed that the overall score of
AlphFold2 predicted the three-dimensional structure of Mtarf03 was 78.168 (Fig.4c).

Fig . 5 , th e th ree-d im e n s i o n al st ru c t u re of M tarf1 0 pro t e i n . a . Th e th ree- d im en s i o n al st ru c t u re of th e pro t e i n ca l cu l a t ed by al p h fo l d2 (Im ag e by py m o l ). b, Th e ram ac h an d ra n pl o t by PRO CH E CK
an al y s is of pr o t e i n th ree-d im en s i o n al st ru c t u re on UCL A - D O E SAVE pl a t fo rm . c, P ro t e i n erro r ev al u a t i on an al y s i s. Th e two li n es on th e err o r ax i s rep res en t th e co n fi d en ce of re j ec t i n g th e area
ex ceed i n g th e erro r va l u e . ** rep res e n t s th e pe rce n t ag e of pr o t e i n wh o s e ca l cu l a t ed err o r va l u e is lo we r th an th e 95 % rej ec t i o n lim i t .

Fig.5 Protein Mtarf10 three-dimensional structure and analysis
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In Fig.5b, the total number of residues was 377.The number of non-glycine and non-proline residues, the end-residue
(excluding glycine and proline), the glycine residues (shown in triangle) and the proline residue was 329, 2, 16 and 30. For
prediction structure of protein Mtarf10, the number of residues in most favorable regions [A,B,L], in additional allowed
regions [a,b,l,p], in generously allowed regions [~a,~b,~l,~p], in disallowed regions, was 255, 40, 28 and 6, and was
accounted for 77.5%, 12.2%, 8.5% and 1.8% of the number of non-glycine and non-proline residues . Protein error
assessment analysis showed that the overall score of AlphFold2 predicted the three-dimensional structure of Mtarf10 was
77.778 (Fig.5c).

F ig . 6 , th e th ree-d im e n s i o n al st ru c t u re of M tarf1 2 pro t e i n . a .Th e th ree- d im en s i o n al st ru c t u re of th e pro t e i n ca l cu l a t ed by al p h fo l d2 (Im ag e by py m o l ). b, Th e ram ac h an d ra n pl o t by PRO CH E CK
an al y s is of pr o t e i n th ree-d im en s i o n al st ru c t u re on UCL A -D O E SAVE pl a t fo rm . c , P ro t e i n erro r ev al u a t i o n an al y s i s . Th e two li n es on th e erro r ax i s rep res en t th e co n fi d en ce of re j ec t i n g th e area
ex ceed i n g th e erro r va l u e . ** rep res e n t s th e pe rce n t ag e of pr o t e i n wh o s e ca l cu l a t ed err o r va l u e is lo we r th an th e 95 % rej ec t i o n lim i t .

Fig.6 Protein Mtarf12 three-dimensional structure and analysis

In Fig.6b, the total number of residues was 528.The number of non-glycine and non-proline residues, the
end-residue (excluding glycine and proline), the glycine residues (shown in triangle) and the proline residue
was 453, 2, 36 and 37. For prediction structure of protein Mtarf12, the number of residues in most favorable
regions [A,B,L], in additional allowed regions [a,b,l,p], in generously allowed regions [~a,~b,~l,~p], in
disallowed regions, was 366, 72, 7 and 8, and was accounted for 80.8%, 15.9%, 1.5% and 1.8% of the
number of non-glycine and non-proline residues. Protein error assessment analysis showed that the overall
score of AlphFold2 predicted the three-dimensional structure of Mtarf12 was 74.081 (Fig.6c).

Fig . 7 , th e th ree-d im e n s i o n al st ru c t u re of M tarf2 3 pro t e i n . a .Th e th ree- d im en s i o n al st ru c t u re of th e pro t e i n ca l cu l a t ed by al p h fo l d2 (Im ag e by py m o l ). b, Th e ram ac h an d ra n pl o t by PRO CH E CK
an al y s is of pr o t e i n th ree-d im en s i o n al st ru c t u re on UCL A -D O E SAVE pl a t fo rm . c , P ro t e i n erro r ev al u a t i o n an al y s i s . Th e two li n es on th e erro r ax i s rep res en t th e co n fi d en ce of re j ec t i n g th e area
ex ceed i n g th e erro r va l u e . ** rep res e n t s th e pe rce n t ag e of pr o t e i n wh o s e ca l cu l a t ed err o r va l u e is lo we r th an th e 95 % rej ec t i o n lim i t .

Fig.7 Protein Mtarf23 three-dimensional structure and analysis

In Fig.7b, the total number of residues was 593.The number of non-glycine and non-proline residues, the
end-residue (excluding glycine and proline), the glycine residues (shown in triangle) and the proline residue
was 501, 2, 46 and 44. For prediction structure of protein Mtarf23, the number of residues in most favorable
regions [A,B,L], in additional allowed regions [a,b,l,p], in generously allowed regions [~a,~b,~l,~p], in
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disallowed regions, was 285, 114, 70 and 32, and was accounted for 56.9%, 22.8%, 14.0% and 6.4% of the
number of non-glycine and non-proline residues. Protein error assessment analysis showed that the overall
score of AlphFold2 predicted the three-dimensional structure of Mtarf23 was 81.449 (Fig.7c).

Fig . 8 , th e th ree-d im en s i o n al st ru c t u re of P sa rf 15 pro t e i n . a .Th e th ree-d im en s i o n al st ru c t u re of th e pro t e i n ca l cu l a t ed by alp h fo l d 2 (Im ag e by py m o l ). b, Th e ram ach a n d ran pl o t by PRO CH E CK
an al y s is of pr o t e i n th ree-d im en s i o n al st ru c t u re on UCL A -D O E SAVE pl a t fo rm . c , P ro t e i n erro r ev al u a t i o n an al y s i s . Th e two li n es on th e erro r ax i s rep res en t th e co n fi d en ce of re j ec t i n g th e area
ex ceed i n g th e erro r va l u e . ** rep res e n t s th e pe rce n t ag e of pr o t e i n wh o s e ca l cu l a t ed err o r va l u e is lo we r th an th e 95 % rej ec t i o n lim i t .

Fig.8 Protein Psarf15 three-dimensional structure and analysis

In Fig.8b, the total number of residues was 446.The number of non-glycine and non-proline residues, the
end-residue (excluding glycine and proline), the glycine residues (shown in triangle) and the proline residue
was 391, 2, 25 and 28. For prediction structure of protein PsARF15, the number of residues in most
favorable regions [A,B,L], in additional allowed regions [a,b,l,p], in generously allowed
regions[~a,~b,~l,~p],in disallowed regions, was 282, 58, 30 and 21, and was accounted for 72.1%, 14.8%,
7.7% and5.4% of the number of non-glycine and non-proline residues. Protein error assessment analysis
showed that the overall score of AlphFold2 predicted the three-dimensional structure of Psarf15 was
78.125(Fig.8c).

Fig . 9 , th e th ree-d im en s i o n al st ru c t u re of P sa rf 17 pro t e i n . a .Th e th ree-d im en s i o n al st ru c t u re of th e pro t e i n ca l cu l a t ed by alp h fo l d 2 (Im ag e by py m o l ). b, Th e ram ach a n d ran pl o t by PRO CH E CK
an al y s is of pr o t e i n th ree- d im en s i o n al st ru c t u re on UCL A - D O E SAVE pl a t fo rm . c ,P ro t e i n erro r ev al u a t i o n an al y s i s. Th e two li n es on th e erro r ax i s rep res en t th e co nf i d en ce of rej ec t i n g th e area
ex ceed i n g th e erro r va l u e . ** rep res e n t s th e pe rce n t ag e of pr o t e i n wh o s e ca l cu l a t ed err o r va l u e is lo we r th an th e 95 % rej ec t i o n lim i t .

Fig.9 Protein Psarf17 three-dimensional structure and analysis

In Fig.9b, the total number of residues was 594.The number of non-glycine and non-proline residues, the
end-residue (excluding glycine and proline), the glycine residues (shown in triangle) and the proline residue
was 500, 2, 44 and 48. For prediction structure of protein PsARF17, the number of residues in most
favorable regions [A,B,L], in additional allowed regions [a,b,l,p], in generously allowed regions
[~a,~b,~l,~p], in disallowed regions, was 289, 119, 52 and 40, and was accounted for 57.8%, 23.8%, 10.4%
and 8.0% of the number of non-glycine and non-proline residues. Protein error assessment analysis showed
that the overall score of AlphFold2 predicted the three-dimensional structure of Psarf17 was 82.961 (Fig.9c).
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F ig . 10 , th e th ree- d im en s i o n al st ru c t u re of P sa rf3 2 pro t e i n . a .Th e th ree- d im en s i o n al st ru c t u re of th e pro t e i n ca l cu l a t ed by al p h fo l d2 (Im ag e by py m o l ). b, Th e ram a ch a n d ran pl o t by PRO CH E CK
an al y s is of pr o t e i n th ree- d im en s i o n al st ru c t u re on UCL A - D O E SAVE pl a t fo rm . c ,P ro t e i n erro r ev al u a t i o n an al y s i s. Th e two li n es on th e erro r ax i s rep res en t th e co nf i d en ce of rej ec t i n g th e area
ex ceed i n g th e erro r va l u e . ** rep res e n t s th e pe rce n t ag e of pr o t e i n wh o s e ca l cu l a ted err o r va l u e is lo we r th an th e 95 % rej ec t i o n lim i t .

Fig.10 Protein Psarf32 three-dimensional structure and analysis

In Fig.10b, the total number of residueswas 415.The number of non-glycine and non-proline residues, the
end-residue (excluding glycine and proline), the glycine residues (shown in triangle) and the proline residue
was 359, 2, 25 and 29. For prediction structure of protein PsARF32, the number of residues in most
favorable regions [A,B,L], in additional allowed regions [a,b,l,p], in generously allowed regions
[~a,~b,~l,~p], in disallowed regions, was 264, 61, 22 and 12, and was accounted for 73.5%, 17.0%, 6.1% and
3.3% of the number of non-glycine and non-proline residues. Protein error assessment analysis showed that
the overall score of AlphFold2 predicted the three-dimensional structure of Psarf32 was 69.789 (Fig.10c).

Fig . 11 , th e th ree-d im en s i o n al st ru c t u re of P sa rf3 3 pro t e i n . a.Th e th ree-d im en s i o n al st ru c t u re of th e pro t e i n ca l cu l a t ed by al p h fo l d2 (Im ag e by py m o l ). b, Th e ram a ch a n d ran pl o t by PRO CH E CK
an al y s is of pr o t e i n th ree-d im en s i o n al st ru c t u re on UCL A - D O E SAVE pl a t fo rm . c , P ro t e i n erro r ev al u a t i on an al y s i s. Th e two li n es on th e err o r ax i s rep res en t th e co n fi d en ce of re j ec t i n g th e area
ex ceed i n g th e erro r va l u e . ** rep res e n t s th e pe rce n t ag e of pr o t e i n wh o s e ca l cu l a t ed err o r va l u e is lo we r th an th e 95 % rej ec t i o n lim i t .

Fig.11 Protein Psarf33 three-dimensional structure and analysis

In Fig11b, the total number of residues was 451.The number of non-glycine and non-proline residues, the
end-residue (excluding glycine and proline), the glycine residues (shown in triangle) and the proline residue
was 399, 2, 26 and 24. For prediction structure of protein PsARF33, the number of residues in most
favorable regions [A,B,L], in additional allowed regions [a,b,l,p], in generously allowed regions
[~a,~b,~l,~p], in disallowed regions, was 270, 77, 35 and 17, and was accounted for 67.7%, 19.3%, 8.8% and
4.3% of the number of non-glycine and non-proline residues. Protein error assessment analysis showed that
the overall score of AlphFold2 predicted the three-dimensional structure of Psarf33 was 78.571 (Fig.11c).
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F ig . 12 , th e th ree- d im en s i o n al st ru c t u re of P sa rf3 6 pro t e i n . a .Th e th ree- d im en s i o n al st ru c t u re of th e pro t e i n ca l cu l a t ed by al p h fo l d2 (Im ag e by py m o l ). b, Th e ram a ch a n d ran pl o t by PRO CH E CK
an al y s is of pr o t e i n th ree- d im en s i o n al st ru c t u re on UCL A - D O E SAVE pl a t fo rm . c ,P ro t e i n erro r ev al u a t i o n an al y s i s. Th e two li n es on th e erro r ax i s rep res en t th e co nf i d en ce of rej ec t i n g th e area
ex ceed i n g th e erro r va l u e . ** rep res e n t s th e pe rce n t ag e of pr o t e i n wh o s e ca l cu l a t ed err o r va l u e is lo we r th an th e 95 % rej ec t i o n lim i t .

Fig.12 Protein Psarf36 three-dimensional structure and analysis

In Fig.12b, the total number of residues was 869.The number of non-glycine and non-proline residues, the
end-residue (excluding glycine and proline), the glycine residues (shown in triangle) and the proline residue
was 775, 2, 45 and 47. For prediction structure of protein PsARF36, the number of residues in most
favorable regions [A,B,L], in additional allowed regions [a,b,l,p], in generously allowed regions
[~a,~b,~l,~p], in disallowed regions, was 452, 147, 82 and94, and was accounted for 58.3%, 19.0%, 10.6%
and12.1% of the number of non-glycine and non-proline residues. Protein error assessment analysis showed
that the overall score of AlphFold2 predicted the three-dimensional structure of Psarf36 was 76.505
(Fig.12c).

Fig .1 3 , th e th ree- d im en s i o n al st ru c t u re of At arf1 7 pro t e i n . a .Th e th ree- d im en s i o n al st ru c t u re of th e pro t e i n ca l cu l a t ed by al p h fo l d2 (Im ag e by py m o l ). b, Th e ram a ch a n d ran pl o t by PRO CH E CK
an al y s is of pr o t e i n th ree- d im en s i o n al st ru c t u re on UCL A - D O E SAVE pl a t fo rm . c ,P ro t e i n erro r ev al u a t i o n an al y s i s. Th e two li n es on th e erro r ax i s rep res en t th e co nf i d en ce of rej ec t i n g th e area
ex ceed i n g th e erro r va l u e . ** rep res e n t s th e pe rce n t ag e of pr o t e i n wh o s e ca l cu l a t ed err o r va l u e is lo we r th an th e 95 % rej ec t i o n lim i t .

Fig.13 ProteinAtarf17 three-dimensional structure and analysis

In Fig.13b, the total number of residues was 585.The number of non-glycine and non-proline residues, the
end-residue (excluding glycine and proline), the glycine residues (shown in triangle) and the proline residue
was 484, 1, 50 and 50. For prediction structure of protein Atarf17, the number of residues in most favorable
regions [A,B,L], in additional allowed regions [a,b,l,p], in generously allowed regions [~a,~b,~l,~p], in
disallowed regions, was 289, 95, 65 and 35, and was accounted for 59.7%, 19.6%, 13.4% and 7.2% of the
number of non-glycine and non-proline residues. Protein error assessment analysis showed that the overall
score of AlphFold2 predicted the three-dimensional structure of Atarf17 was 69.890 (Fig.13c).

In conclusion, the protein three-dimensional structure predicted by Alphafold2 conforms to the rules of
conformational stereochemistry of the selected protein model.
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5 Disscussion
So far, experts and scholars are working hard to solve the problem of “Predicting the 3D structure of

protein given an amino acid sequence”[16], but the accuracy score of predicting the 3D model can only reach
about 40 (full score was 100). However, the accuracy score of predicting the 3D model can reach about 92.4
due to the use of Alphafold2.There was only one atomic width difference between the predicted protein
structure by Alphafold2 and the real structure of the protein, which really solved the problem of protein
folding [17]. In 2020, Alphafold2 was selected as one of the top ten breakthroughs of science, known as the
"revolutionary" breakthrough in structural biology and a milestone in the field of protein research [18].

In this study, the prediction structure of proteins 2LY9, 6Y4F, 6YJ1by Alphafold2 are compared with
the experimental structure. It is found that the RMSD is less than 3 Å. The overlap gap of protein spatial
structure is less than 0.3nm between experimental structure and prediction structure, and the m-score is
higher than 0.5, which indicates that the three-dimensional structure of the protein by Alphafold2 has a
similar folding with the known structure [13]. In summary, the prediction function of protein
three-dimensional structure of Alphafold2 is credible and the prediction accuracy can reach the experimental
level.

After the three-dimensional structure of 10 homologous proteins was accurately predicted by
Alphafold2, the three-dimensional structure of these proteins was pre checked, and the three-dimensional
chemical quality of protein structure was checked by analyzing the geometric structure of residues and the
overall geometric structure. The ramachandran plot showed that the residues in most favoured regions
[A,B,L], in additional allowed regions [a,b,l,p] and in generously allowed regions [~a,~b,~l,~p] was
accounted for more than 90% of the whole number of non-glycine and non-proline residues. The above
conclusion shows that the three-dimensional structure conformation of 10 auxin synthesis related
homologous proteins predicted by Alphafold2 conforms to the rules of stereochemistry [19-21].
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