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Abstract: [Objective] Davidia involucrata is the only existing tertiary relict plant of genus Davidia in the

family Nyssaceae. It is a unique endangered tree species under first-class protection in China. The
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synonymous codon usage bias (SCUB) of chloroplast genome and its main influencing factors were
analyzed to provide a reference for further research at the molecular level, species conservation and
germplasm innovation of the D. involucrata. [Method] The complete chloroplast genome of D. involucrata
was downloaded from the NCBI online database and the protein-coding sequences were screened. The
effective number of codon (ENC), codon adaptation index (CAI), the relative synonymous codon usage
(RSCU), and the contents of four bases, A, T, C, and G in the codon were calculated by CodonW software.
Finally, the correlation between the parameters were calculated and the plots were maken using R software.
[Result] (1) A total of 59 protein-coding sequences were screened from the chloroplast genome of D.
involucrata. The average guanine and cytosine bases (GC) content and the average GC content of the third
base of the codons were 38.33% and 30.68%, respectively. The average CAI was 0.16 and the average ENC
was 46.55, indicating that the chloroplast genome gene expression level of D. involucrata was low and the
codon use bias was weak. (2) Enc-plot, PR2-plot, neutral plot and correspondence analysis revealed that
selection pressure was the most important factor affecting SCUB of D. involucrata chloroplast genome.
(3) A total of 12 optimal codons were selected. [Conclusion] The SCUB of chloroplast genome in D.
involucrata is weak, and its SCUB is not only mainly affected by selection pressure, but also affected by
factors such as mutation pressure, base composition and gene expression level. Meanwhile, a total of 12
optimal codons are selected, which can be used in future genetic improvement and germplasm innovation
research of D. involucrate.

Key words: Davidia involucrata; synonymous codon usage bias; optimal codon; chloroplast genome; amino

acid
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Tab. 1 GC proportion, CAI and ENC in chloroplast genomics of Davidia involucrata

A GC# & GC content HEH GC# & GC content
Gene AL ENC o o Gosn Goyw GOy Gene CALENC e o GCU% GOy Gy
all 1 2/ 3 all 1 2/ 3

1ps8 008 3704 3613 3986 4336  25.17 yef2 0.5 4853 3778 3708 3500 4125
mps18 0.1 37.57 3529 3529  44.12 2647 ndhK 0.16 48.55 3805 4425 4469 2522
mps14 0.1 3809 4191 4455 4950  31.68 yeft 0.16 4882 3810 4233  39.68  32.28
ndhE  0.16 4041  32.68 3824 3529 2451 1poB 0.15 4885 3894 5089 3772  28.20
psbA 032 4082  42.66 5028 4350  34.18 psbB 020 48.86 4447 5481 4597  32.61
ndhF 015 4372 3271 3772 3597 2443 rpod 0.16  49.64 3462 4438 3284  26.63
ndhF 015 4372 3271  37.63 3616  24.60 rpsd 0.14 4984 3927 5198  39.11  26.73
rps3 0.16 4387 3562 4749 3333 26.03 rps2 0.18 4995  39.66 4473 4430  29.96
psbD 025 4442 4228 5226 4322 3136 rpoC2 0.15 5004 3797 4582 3850  29.58
1ps7 0.19 4503 4060 5321 4551  23.08 matkK 0.5 5013 3419 4139 3208  29.11
rps7 0.19 4503 4060 5321 4551  23.08 atpE 0.16 51.02 3980 5149 3955 2836
pl23 013 4575  37.39 4000 4174 3043 ndhH 016 5113 3926 5152 3706  29.19
ndhG  0.13 4596  34.09 4407 3390 2429 yef2 021 5122 3778 3670 3211 3945
atpB 021 4612 4248 5631 4208  29.06 ndhA 0.14 5126 3317 3642 3211 3098
ndhD  0.14 4624 3529 4137 3686  27.65 clpP 0.16 5131 3621 3728 3806  33.29
psbC 018 4625 4402 5338 4620  32.49 ndhJ 0.15 5137 4025  51.57 3774 3145
ndhC 020 4641 3444 4545  33.06 2479 ndhB 0.7 5178 3784 3660 3933 3758
pl22 020 4670 3460 4367 3608  24.05 ndhB 0.16 5251  37.84 3582 4133 3640
sl 015 4675 4484 5468  57.55 2230 petd 0.8 5314 3998 5234 3707 3053
cemA 020 4678  33.62  40.87  29.13  30.87 yef3 0.5 5319 3592 3478 3949 3348
/plld 018  46.80 4146  56.10 3740  30.89 petD 0.16 5320 3672 3841 3044 4131
atpF 0.13 4685 3625 3388 3430 4058 rpll6 0.3 5437 3466 3816 3501  30.82
acecD  0.19 4690  33.04 3601 3512 2798 rpoCl 0.15 5605 3799 3882 3312  42.03
atpl 0.18 4717 3790 4839 3790  27.42 rps16 0.16 5633 3492 4063 3193  32.19
p20 009 4755 3616 3898  44.07 2542 rps12 0.15 5658 3974 4421  40.14 34586
atpA 020 47.60 4094 5512 4055  27.17 petB 0.15 5740 3623 3852  31.15  39.01
psaB 0.18 4771 4091 4871 4299  31.02 pl2 0.15 5812 4208 3932 4564  41.29
rbel 028 47.86 4377 5777 4370  29.83 rpl2 0.14 5878 4208 4527  38.63  41.53
psad 020 4840 4279 5273 4341 32.22 rpl23 023 4868 3739  41.03 3333 3333
ndhl 0.19 4852 3472 4226 3631  25.60 FHIE Mean  0.18  48.52  38.05 4451 3883 30.63

7 CAL %S TG R84 ENC. ARCEIL TH: GCy . HE A S THIGCE &; GC, . 2B F i %% 7 S 1L GC & &5 GC,. HEH
T B F IR S 2L I GC & s GC. ZEH A TS %S T I 25347 IGC & & . Notes: CAl, codon adaptation index; ENC, effective number of
codon; GC,j;, GC content of all codons in the gene; GC;, the GC content in position 1 of all codons in the gene; GC,, the GC content in position 2 of all
codons in the gene; GCs, the GC content in position 3 of all codons in the gene.
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Fig. 1 Synonymous codon usage bias analysis of chloroplast genome of D. involucrate
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Fig. 3 ENC-plot analysis of chloroplast genomes of D. involucrata
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®3 HAMHFREERAZBFRFEREXES R
Tab.3 Correlation analysis of codon usage index of
chloroplast genomes of D. involucrata

Parameter | AXiS 1 ENC CAIl GCy, GG,
ENC  —0.6850"
CAI 0.1390" —0.0655"
GC, 0.406 0™ —0.240 0 0.361 0™
GCy -0.9270"  0.6250" -0.0404  —0.3300
GCy  —0.1330  0.1370  03560” 0.8170" 02630

RGP <0.05); 7 B EEAIL(P <0.01). Notes: ", a
significant correlation at P < 0.05 level; ", a highly significant
correlation at P < 0.01 level.
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Tab.4 Optimal codons in chloroplast genome of D. involucrata

ESue | fIRFIE A e RIB R TRRIL R
AW e High expressed gene Low expressed gene HEE T High expressed gene Low expressed gene
R ARSCU ) . ARSCU
Amino acid Codon HH Amino Acid Codon HH #
Number LS Number RSCU Number RSCU Number RSCU
UUA™ 54 1.59 26 1.28 031 ||y UAU" 50 1.39 25 1.04 0.35
MR Tyr
UuG 45 1.32 30 148  —0.16 UAC 22 0.61 23 096  —0.35
o cuu™ 41 1.21 12 059 062 UAA™ 5 1.88 32 L6 072
2K Leu
cuc 17 0.5 19 0.93  —0.43 ||*Ter UGA 2 0.75 31 112 -0.37
CUA 32 0.94 24 118 —0.24 UAG 1 0.38 20 072 —0.34
CUG 15 0.44 11 0.54 0.1 CAU 34 1.36 14 1.27 0.09
” % His
AUU 74 1.52 40 1.19 0.33 CAC 16 0.64 8 073 —0.09
SrE e AUCT 49 1.01 23 068  033| CAA 46 1.44 26 144 0
AUA 23 0.47 38 113 —0.66 || AR GIn ) o 18 0.56 10 0.56 0
B2 R met AUG 58 1 21 1 0 ) AAU" 66 1.28 25 1.02 0.26
RA&WERE Asn
GUU' 49 1.39 19 1.21 0.18 AAC 37 0.72 24 0.98  -0.26
GUC 13 0.37 13 083  —0.46 AAA" 60 1.46 46 123 023
AR Val WA Lys
GUA 66 1.87 18 1.14 0.73 AAG 22 0.54 29 0.77  —0.23
GUG 13 0.37 13 0.83 —0.46 GAU™ 59 1.37 20 1.05 032
RAZIR Asp
ucu™ 48 2.03 8 0.98 1.05 GAC 27 0.63 18 095  —-032
ucc 23 0.97 7 086 011 GAA™ 99 1.56 37 094  0.62
. BEE Glu
R UCA 25 1.06 8 0.98 0.08 GAG 28 0.44 42 106  -0.62
25 R Ser
UCG 7 03 6 073 043} ~_  UGU 12 1.2 10 L11 0.09
IR Cys
AGU 26 1.1 11 135  —025 UGC 8 0.8 8 0.89  —0.09
AGC 13 0.55 9 1.1 -0.55 ||(W= K Trp UGG 41 1 25 1 0
ccu™ 52 2.12 9 0.97 1.15 CGU™ 45 221 4 0.36 1.85
. ccc 14 0.57 5 0.54 0.03 CGC™ 12 0.59 1 0.09 0.5
Jii %L Pro "
CCA 19 0.78 16 173 095 CGA 23 1.13 8 0.72 0.41
CCG 13 0.53 7 076 023 ||FEMAe (g6 5 0.25 2 0.18 0.07
ACU™ 63 2 5 0.67 133 AGA 32 1.57 47 421 —2.64
ACC 24 0.76 4 0.53 0.23 AGG 5 0.25 5 045 0.2
JRE IR Thr
ACA 28 0.89 15 2 -y uuu 68 0.96 47 .12 —0.16
HKNAIR Phe R
ACG 11 0.35 6 0.8 —0.45 uuc 74 1.04 37 0.88 0.16
GCU™ 92 2.19 5 1.25 0.94 GGU™ 87 1.87 7 0.46 1.41
i GCC 20 0.48 3 075  —0.27 . GGC 17 0.37 8 052 —0.15
AR Al A Gl
= ' Gea 40 0.95 4 1 —0.05 || A Y GGA 57 1.23 29 1.9 —0.67
GCG 16 0.38 4 1 -0.62 GGG 25 0.54 17 111 —0.57

IR B R THIRSCU > 1; "f£30.08 < ARSCU < 0.3; “f£#0.3 < ARSCU < 0.5; ““fLRARSCU > 0.5, NI B T Hoh N2 L B 1

Notes: the underlined codon, RSCU > 1; *, 0.08 < ARSCU < 0.3; ™, 0.3 < ARSCU < 0.5;

codons.
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