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HLHIIRBEET AL 8 . FIH Phylosuite V1.2.3. CodonW1.4.2. RSCU. EMBOSS Z575 £k % {1 %o} 75 16 H B A A
BTN R RLRFE R4 14 A CDS R ARAS 751D BT BSF W0, st 1. g5 1%,
M AR5 BEIS B AR AR BE R A 35 05 1 GC & BB AIS, ~FIME N 29.42%, GC & &2 GC2 (34.13%) >GCi
(33.65%) >GC; (19.85%) #&#; CAI CHRTEMNIEHD JWHITE 0.108~0.173 Z I8, “FiY4 0.142<1,
BT 1 B — e R I 1, (EX PR I PEAN S . GCi 4393 5 GCass ENC A AEMR 235 1t
HKKR (p<0.01) , 1fi GC25 GC, GCs 4515 GCssw ENC, GCss 5 ENC, CBI 5 FOP Z [AII47{EMK
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Analysis of codon usage bias in the mitochondrial genome of Pseudofabraea

citricarpar
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Abstract: To comprehend the mitochondrial genome codon utilization and its formation in P. citricarpar
bacteria,and to offer a novel perspective for understanding its genetic evolution and pathogenic mechanism.
Phylosuite V1.2.3, CodonW1.4.2, RSCU, EMBOSS and other online software were employed to analyze the
codon preference of 14 CDS sequences in the mitochondrial genome of the selected P. citricarpar bacteria and to
screen the optimal codon. The overall content of the mitochondrial genome codon GC was low, with an average
value of 29.42%.The GC content demonstrated a trend of GC2(34.13%)>GC1(33.65%)>GC3(19.85%),and the GC
content at the third position was significantly lower than that at the first and second positions.The range of CAI
was 0.108-0.173,and the average was 0.142<1,indicating that CAI exhibited a certain degree of preference for the
use of codons, but this preference was not intense.There was a significant negative correlation between GCI1 and
GC3s and ENC (P<0.01),and a significant positive correlation between GC2 and GC,GC3 and GC3s,ENC,GC3s
and ENC,CBI and FOP (P<0.01). Through RSCU analysis, 26 high-frequency codons such as UUA,AUA,and
AAU were identified(RSCU value>1),and all of them ended with base A and U.Both neutral mapping analysis and
ENC-plot analysis indicated that the codon preference of the mitochondrial genome was influenced by both gene

mutation and natural selection,but natural selection was the dominant factor.Eleven optimal codons of the
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mitochondrial genome were identified,namely GCA, GCU, AUA, UUU, UCA, UUA, and all of the 6 codons
ended with A/U. The codon of the mitochondrial genome of P. citricarpar favored ending with A/U,but the degree
of preference was weak.Natural selection played a major role in the formation of codon preference,and 6 optimal
codons were selected, all of which ended with A/U.The results provide data support for the study of the
mitochondrial genome among different species of pathogenic fungi.

Key words: Pseudofabraea citricarpar; codon bias; mitochondrial genome; natural selection

FL P AR FE DR 20 2 20 N N ) S e s R, B AR TR iy = DLEO B Rt
FEEEREEN, gmig SIPE SRS FRA RMER R, S EFEENBERER, ik
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usage bias, CUB) ), 3 it o %5 5 5 FH fh 45 12k B0 40 A, A B T-48 7 o3 Ji A1 1) R G0 K 8 iAo
HEA 3 SR PR ()3 AL, Ao T R B 428 B A (0 7 T BEARTS) . MEAGAE B (citrus target
spot) N FR EA A7 = X UL A5 % R B BB 2, 2004 HE7E B vG 4 3 & BR N B (Citrus unshiu
Marcov.) K& [Fortunella margarita (Lour.) Swingle] L XRiEP-1, HIFEWLEE N
Cryptosporiopsis citricarpa Zhu, Hyde & Li''l, 2016 4=, Chen ZE2HRIEHH ITS tDNA %)
B, ER S e Ho— A&, fn 44N Pseudofabraea citricarpar . 5K 2 H.IE W H AR IE
ZIRIE A RBYIR IR iR, N FEMAEM Py AR B ok RSEHUR B AL, 51 v i
RVERIR RS . BCTRGSE . A ggl10), B SR B, MG 7E B B S I B Ak ) r
IR RS, KX C RV, My REER. WA A S,
XL b H i R 0 7 - 7 T DR 7 X PRI AR B A R SR, AT TR AT 6 B0 1
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HAl, fEEEZRAIERAT I, IR 7 REIT. WE RS IR S 1
(Curvularia clavata) BRIAREERI 2B BOAT B8 1 A-T felr i, BAESM1Wir it H
SRIEBE AL IE RS T F FEH . BHWELVRIAFRIA (Fusarium solani) ZeRifk
PR AH B 05 1 e 1 32 B B AN SR AR TR R SL RS2, e #64E FOh E 2 R 2R . e
ML IR T AR IKE % (Penicillium canescens) WIZERIAARIERHRHE, HR T HE S EE
HEMIRARE R FR XSRS RZJE (Ganoderma) Fo TR R 4525 R ZHLRFAE K 3 AL IHI AT
R, RZJ\ERERARTER AT 2IMEEE S, HRNEFEE R A& T35
g e, HBE 5 b B o e 2 S B s D 2 3% T I il RO (A kanthomyces lecanii),
7R T HIER A G RN B RS T AR, IR tH HR RERE T 0 2R AR T R 4 45 R A O ER 57
NS ELIXT A AE SR B B (Penicillium digitatum) 2RI RSE R H FIRF TR I, LRItk &
FAE TR LA LB 22 AR BOR, MG sk d i A A B e R Rk T — 2N
AFUXT I 25 B~ S RO 2 AR IR o ARG FE B 1 o — FIGIR M FL B 5, oo 3R et
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Witk 20, A KX A0 5 B B A B DR AL RO 7 L DG T M ARG 0 1 A Ak J DR A P W 7
Wb e EHT, AT R B B A 90 S AR b T SR B S E P R ERATR R
Kol & A XIS, AR B A, e PR T T . AR AR RiTI)
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TEA S AT TAES, SOEEPIRA Mlumina W FEXAE R BEE H & YLSDP74
(R AL T PR 2L AT v i U AT PR S, 090 © A% NCBI 48 FE (ON960225) &
F Phylosuite V1.2.3 $ A4 COSE HUA A 56 B0 B 4 A4 5k PR 2H 2 A 997 51 (coding DNA
sequence, CDS) , HTJRZ% S it . T RF 2ok i TH 5 ROs S 140
NI REARRZ, [HIE, HHEH L ATG NIRRT, UL TAA. TAG 5k TGA N LR
T, HKEEKRT 300 bp MAEEZ iS5 513% 14 ZKEATH 0.
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A CodonW1.4.2 B, Xt 14 2% CDS Fral#ihS 118 GC & & AL T3 128 3 A2
[ ST GC & (GCse) « 7 ImiF4E%L (codon bias index, CBD . %11 N
44 (codon adaptation index, CAD . 5L 2% i+ 1% (frequency of optimal codons, FOP)
BT F 5 (effective number of codons, ENC) . [F UL M FH E (relative
synonymous codon usage, RSCU), LA S &5 -F- 355 7K 1% ( grand average of hydropathy, GRAVY )
HEAT B3], fi H 7R 28 43 #7 T H. EMBOSS Chttps://www.bioinformatics.nl/emboss-explorer/)
BT F58 1 A2, 5 2 . 58 3 A1/ GC & & (GCiv GCav GC3) , GCp % GC1 5
GC BB . BRI AW 545 B AR A 3B Je 22 B8 T SPSS 26.0 B AFAI R 15 5 56 i
1.3 kBT

PL GCs NBEARHR, GCio AR, ZxilBini . EIrh & SARERAE R SR BE R, 404 —
BRI S 7 e R, A S 5 0 5 B ) O 2 19 JiR R 36
1.4 ENC-plot £ &

PL GCs AttiAhtR, ENC NPATR, ) —4EfUa®: [FnS, fEf B, L GCs b
AR, ENC e AN AL FRZ: FlFRAE 128 {ENC s =2+GC3+29/[GC5*+(1-GC3)?]} B2 35 ENC=20,
[F) S e 2 ey s 20<ENC<45, [F] SRS fa B EE 0% 45<ENC<61, [F U1
fin e RE LS9 ; ENC=61, [A] #1522 AMhfAE . 1+ ENC 5 ENC e ELE[ENC v
&= (ENC w24-ENC)/ENC weni]> 53 M i 25 15 0
1.5 fiGERREET

DL ENC {H RN FEAR N B AT HER . Wi &8 B 20%, 73 7l i) i v 308 AR ik
K%, HI CodonW1.4.2 FEf¥ 115 %% RSCU {H, 115 ARSCU (ARSCU=RSCU #1:-RSCU
w) B8 AR AT A ARSCU>0.08 H RSCU>1P,
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S RHA 6 B T 2R b AR JE (R4 14 4% CDS JRAIIIRIE 4L o dr i, H GC S ET
21.80%~38.70%.[1], “FIMEH A 29.42%, GC FrmBMmit; 7EFML TR 3 MiE L GC &
B AEIE], GC1 GCa GC B S BIAL T 15.09%~48.00%+24.11%~45.33%F1 11.81%~41.45%
208, “FEIMED A 33.65% 34.13%K1 19.85%, GC; BEMKT GC M GC, (MFE 1) . *
B, AHAG RS RER o ZR R AR L R 4 CDS 3411 T BL A/U &5 2 (135S 7

ENC 4bF 32.56~50.30 2 [d], %) 4 37.55<45; ENC & T 45 BIFEEA 2 4, A S EE 14%

(LR 1) o DRk, A SE B B 2R R 1 356 ) 40 25 A fof FEASE =0l 1 5 55

CAI ££ 1 7E 0.108~0.173 ZIf], “F¥IN 0.142, @&/NT 1; FOP$iET 0; CBI{EXI/NT
0 (W 1 . R, HFMHEAE —EREMRGE, (EXFRGEARR. GRAVY G
FEI7E-0.535~1.401, “F¥JN 0.686 (WFE 1) .

SRS EGEATHIME T, 458 (LK 1D 5K, GC1 5 GCis. ENC FEFEMR 2 1
HFRFKR (p<0.01) , R FRZE 5 H-0.693 F1-0.685; GC2 5 GC, GCs 4r%l5 GCsss ENC,
GC3s 5 ENC, CBI 5 FOP ¥{EfEM R 2 IEAH R R (p<0.01) , MR R E =ik 2] 1 0.997;
GC1 5 GCs Z M EF MK (p<0.05) . K, GC FiE, JNHEFWLTE 3 MEMN GC &
& (GC3) X (1) i i3 FHARAE B35 5200 .

R 1 MR E SN AEFNAEL THEESH
JER GC/% GG% GCy% GCi/% GCP% CAI CBIL  FOP ENC  GRAVY
ATP6 3271 3346 1524 1340 2720 0.21 -0207 0276 3550 0.8629

ATPY 48.00 45.33 21.33 18.30 38.70  0.169 -0.153 0310 32.56 1.4014
COX1 15.99 41.26 41.45 38.70 3390  0.169 -0.175 0328 48.86  0.0880
cox2 43.65 32.14 17.46 15.20 3120 0.135  -0.195 0.287 36.00 0.2943
COX3 41.85 42.96 17.04 15.40 3410  0.173  -0.105 0344 39.60 0.7677
CYTB 40.20 34.92 18.59 15.90 3120  0.145 -0.096 0334 33.83 0.7418
NADI 36.74 34.81 17.13 15.40 29.50 0.124  -0.138  0.300 3336 1.0507
NAD2 15.09 30.39 33.41 31.40 2720  0.147 -0.240 0287 5030 0.1043
NAD3 36.03 31.62 17.65 15.90 28.60  0.145 -0.227 0.273 42.62 0.8393
NAD4 32.04 33.06 13.47 12.30 2620  0.113  -0.185 0.283  34.04 1.0478
NAD4L  27.88 28.85 19.23 17.00 25.60 0.108 -0.124 0.320 32.64 12136
NADS 40.45 34.71 16.69 14.20 30.60 0.153 -0.140 0315 3544 0.7935
NADG6 30.59 30.14 17.35 15.60 26.10 0.116 -0.215 0256 36.87 0.9329
RPS3 29.89 24.11 11.81 11.20 21.80  0.165 -0.111 0.352  34.01 -0.5354

e AFORMRME RS (p<<0.05) , #FRIRMHEMREE (p<0.01) .
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RSCU Fr#r g (WK 2) KB, Yuhid 22 PR BRI A UERD 73k 62 4, DAL A/U
S5 R T 5 LIAE G/C 45 R AV IS 170 A 314, % &7 EE 50% . /£ X L i 11, UUA.
AUA. AAU ZELUEEE A/U 45 RIS 1 I E i, Hh8E 26 Mm% g1 (RSCU
E>1) , JyMIAGFE TG A 2 Ao 1A 2 DR 4 A A6 FH (R 3505 1. ok, DABRAE A/U 45 R I i
ERY TN 134, Kb EE 50%, DAL G/C 452 M m i iy 40N 0, R UIHG S BEw
TR FA 2R 1 L DR A e A T S I TSR AU S5 M S, DA G/C 45 BR300 1

ARG, e RSCU EH AR T 1, & HA AP A Ik mldat S 4k Y ) 3505 57
R 2 WHRFETER I LobL ik & B ERRAR N F) LR 7 6

AR HWMT  WH  RSCU || &I #iT ¥H RSCU
GCU 222 195 AR AUG 176 1
A GCC 53 0.47 CCU 241 2.54
GCA 151 133 o cce 29 0.31
GCG 29 0.25 AR CCA 9 1.01
.. UGU 67 1.65 CCG 14 0.15
AR UGC 14 0.35 P CAA 184 1.7
ERV i
. GAU 268 1.63 CAG 32 0.3
REAR
GAC 60 0.37 CGU 50 0.98
P GAA 281 154 CGC 9 0.18
BRI
GAG 83 0.46 — CGA 44 0.87
TR UuU 464 151 PR CGG 4 0.08
AR uucC 151 0.49 AGA 168 33
GGU 295 217 AGG 30 0.59
A GGC 19 0.14 UCU 222 1.65
Al GGA 162 1.19 ucc 30 0.22
GGG 69 0.51 . UCA 149 1.11
225 1R
- CAU 130 145 UCG 22 0.16
AR CAC 49 0.55 AGU 321 2.38
AUU 289 1 AGC 65 0.48
REEM  AUC 68 0.24 ACU 210 1.77
AUA 506 1.76 e ACC 38 0.32
AR
I AAA 425 171 ACA 199 1.68
AAG 71 0.29 ACG 28 0.24
UUA 749  3.85 GUU 222 1.61
UUG 86 0.44 GUC 27 0.2
EAY
— CuU 163 0.84 GUA 246 1.79
AR cue 23 02 GUG 55 0.4
CUA 122 0.63 Jp— UGA 98 1.66
CUG 24 0.12 = UGG 20 0.34
AAU 479 15 UAU 345 1.51
ATk g
RAMIE AAC 159 05 RHEM UAC 113 0.49

2.3 FHRLE ST

LML A R LA 20 SR, HIGHE PO 2R R B R AL S T/ GCe 5 GCs
ZIHAFAE SRR R, (EAEE CHKRER=0.112) , YU EER A ok 2 Hd 5 5 R 4
THIPAMLE GC HEEH 3 MIE GC & EAFARFEES, € MRS T I
AL PR EON-0.2683, R ITAL T 70 3 1 i 2808 1 DT RR RN 26.83%, H AR
WEFER R M TR 73.17%. Bl AEAGHE PRI o AR (A2 R AL 505 1 47 £ 22 eh B 2R
HFRIE
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2.4 ENC-plot £ &4 #7

ENC-plot /#7455 (WL 3) Fivn, KEBSSER (SRR NELS) A TRtz 77, H
AR B AR T AR v 2 00 A, 3 B B3 DR A RS T O P AR A e o X i A IR )
ENC RGBT W IEE R (WE 3) Bor, B 1 ANEE ENC we 2 i £E 0~0.05
EE 7.14%,  BEEBAIX AN SE R A T 58 2 32 B T RSN IR H A 13 AN ENC
it KT 0.05, ST IR L3 R o0 A AE bl B 28 T 5 EL S bl i 28 iz DA b8 SRk —
AR, Z A Ik DR 2 PR B - 4 14 B % b 52 B SR R RS

B 3 MR BRSO A B R H B HSF ENC-plot 2B/ T

R 3 ENC WESE SR
ENC Hifti 363 ETEGI e
0~0.05 1 7.14
0.05~0.1 2 14.29
0.1~0.15 4 28.57
0.15~0.2 3 21.43
0.2~0.3 4 28.57

2.5 RT3

73 L e A FE IR PE AR R IB FE A 22, TH5L ARSCU {8 BL ARSCU>0.08 H RSCU>1
IFRAE, B HM ARG D B e R AR SR R AH () 6 MR E ST, 37l /& GCAL GCU. AUA.,
UUU. UCA. UUA. HH, 4 MEETLLAGRE, 2 ML UZR. S8R PR\ T
LA DR 2L 11 B PR 350 - I i LA A/U S5
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- - 2k JE R Rk FE [
RAER BT - ARSCU
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GCA*| 9 | 171 3 | 1.50 | 0.2
.. [Gec [ 1 [0a9] 1 [050]-031
WA TaeGTo T o JTo 0 [ o
GCU*| 11 | 2.10 | 4 | 200 | 0.10
o~ JUGC[ 0] 0 0] 0 [ 0
FIER 560 T T (200 0 | 0 | 2.00
T &GN |GAC| 1067 0] 0 | 0.67
GAU| 2 | 133] 2 | 2.00 | -0.67
 lGaa| 7 |15 T [100] 075
Ha R
GAG| 1 |025] 1 |1.00]-075
ey OUC | 7 {0613 [086]-025
: UUU*| 16 | 140 | 4 | 1.14 | 0.26
GGA| 9 | 164 | 3 | 1.71 | -0.07
. [6Gclol o Jo] o o
W& 566To 0 [0 0 0
GGU | 13 | 236 | 4 | 229 | 0.07
CAC| 4 |062| 0] 0 | 062
=)
AR FEAUT 9 (138 0] 0 ] 1.8
AUA*| 10 | 2.00 | 12 | 1.80 | 0.20
g [Auc| 2 o040 2 To30] 0.10
AUU| 3 | 060 ] 6 ] 0.90 | -0.30
— |AAA| 1 [200] 5 [200] 0
BER 06T o T o o] 0 0
CUA| 0| 0 | 2 ]063] 063
CuC| 0] 0 o] o] o
semm | UG O [ 0 [T [03]-03
BB TCOU 8 130 ] 3 | 095 | 035
UUA®| 26 | 422 | 11 | 347 | 0.75
UUG | 3 | 049 ] 2 | 063 | -0.14
A [AuG| 7 [1.00| 3 |1.00| O
TAAC| 5 [125] 1 |050] 075
7
RABIE SO0T3 To7s [ 3 (150075
CCA| 3 |133] 0] 0 | 133
L [cccloloJolo ] o
WM eegTo T o (o 0 | o
CCU| 6 |267] 0] 0 | 267
o |CAA| 4 |200| 2 |200] 0
BRMIE TG T o T 0 To o [ 0
AGA | 3 | 360 ] 2 | 600 | 2.40
AGG| 0] 0 Jo | 0 | o
[cGalol o Jo] o | o
Lk = A
WER e6cTo T 0 To [ 0 | o
CGG| 1 [120] 0] 0 | 120
CGU| 1 120 0] 0 | 120
AGC | 1 [021] 2 [1.50]-129
AGU| 8 [171] 0] 0 | 171
s [UCAT 102142 [150 [ 064
e UCC| 0] 0 | 1]075]-075
UCG| 1 |021] 0] 0 | 021
UCU| 8 | 1.71| 3 | 2.25 | -0.54
ACA | 8 | 152] 2 | 1.60 | -0.08
wor— [ACC| 3 [057] 1 |080]-023
BRAB cG 1 T0a9 ] 1 1080 06l
ACU| 9 | 1.71] 1 | 080 091
GUA| 9 |157] 0] 0 | 157
GUC| 2 |035] 0| 0 | 035
T
WEAM G061 2 [035] 0] 0 ] 035
GUU | 10 | 1.74 | 2 | 4.00 | 2.26
mE% |UGG| 0 | 0 o o 0
 luac| 4 [073] 1 [029] 044
BRI OauT7 1127 6 (171 [0
UAA | T | 030] 1 |3.00 | 2.70
e UAG] 0] 0 J 0| 0 | 0
UGA| 9 |270] 0 | 0 | 2.70
T RN ERMENET.
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GC Fr B 1EFE R A 2 47 v 5 G A 000 AN TR 25 IR R, AR 0 A5 14 19 2%
B FER A, ST GC FREMXTRAL, HiT5 347 GC FEICN 19.85%, RIFHLT
Z UL AU S5, SRR REIEE 9 B 2R R SR R 4H it e 48 AR T8 I X ST )
RS EGEATAHE D HT R BL, GC1 5 GG MM ABE, 1 GC1 5 GCs. ENC
FEMEZETHIKR (p<0.01) , GC; 5 ENC fAAEMEZ IEFRKR (p<0.01) , XFEH
A6 TR T 2R L 5 R 246 S 46 1) 35 FH DA AVU S5 R IO 36051 RSCU 734
(RSCU>1.00 #1514 26 1, LL A/U 45 RIVEISTH 26 ) HICRFIX—M g2, i
P& L 2R R 4 A+U & B i 4 aE 4],

FE FCB0S F0 F I df R R B, A B T4 7R T GCr2 5 GCs Z IR BIAH P FEAS
B, R B SR PR DN R AR AR R 2 A b R T A2 A FHIAS4), [ B I 4 57 3 98 AR i
[FIEZIAA7, ENC-plot 22 B 43 B 45 RABUE B 173X — o 3x 5 FA BB, 2 MO otk 25 g 118,
A K75 B PRI F 6 71 B (Fusarium oxysporum ) WSV [ £ 074 3R 7 (i 512 23 Hr 445 SR — 3.
L B B B A7) A A s R 2 2 R P R 4 P DA SR AR B AR IR B4 S = 2R B ), BRIFIRN 52
B H A 22 B R SLRMVE AL, H ETEE SRR RS B0 B (AR DG Fu i 2D, A R oo HL 2k
AR B ER Y, SR 2 RS TG, AR R E RN RA KB KR,
DA S AR Al 3 R B S A3 B 4 TR N 11 DAL i o
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