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Abstract: [Objective] This study aims to analyze the chloroplast genome characteristics and codon usage
preference of Solanum tuberosum var. cormosus ‘Huaiyushan’, so as to provide a reference and theoretical basis
for future research on chloroplast genome codon optimization, chloroplast genome modification, exploration of
species evolution, and increased expression of exogenous genes. [Method] The chloroplast genome of S.
tuberosum var. cormosus ‘Huaiyushan’ was sequenced by high-throughput sequencing technology. The structure,
gene composition and codon preference of the assembled and annotated chloroplast genome were analyzed
using bioinformatics analysis software. [Result] The chloroplast genome size of S. tuberosum var. cormosus
‘Huaiyushan’ was 155 296 bp, which was a classical 4-segment structure. The length of large single copy region
(LSC), small single copy region (SSC) and inverted repeat region (IR) was 85 737, 18 373 and 25 593 bp
respectively, and the proportion of total guanine and cytosine (GC ratio) was 37.88%. A total of 133 genes were
released, including 87 CDS genes, 37 tRNA genes, 8 rRNA genes and 1 pseudogene. A total of 38 simple
sequence repeat (SSR) loci (36 single base repeats and 2 double base repeats) and 32 long repeat sequences
(16 forward repeats and 16 palindrome repeats) were detected in the chloroplast genome of S. tuberosum var.
cormosus ‘Huaiyushan’. The variation range of nucleotide diversity of chloroplast genome of S. tuberosum var.
cormosus ‘Huaiyushan’ was 0 — 0.139 27. The hypervariable regions were mainly distributed in LSC and SSC
regions. LSC region had the highest mutation rates of trnL-UAA-trnF-GAA, cemA, rpsl12-exonl-clpP1 and
clpP1 genes, while SSC region had the highest mutation rates of rp/32-trnL-UAG and ycf1 genes. The average
effective number of codon (ENC) value of 87 CDS genes in the chloroplast genome of S. tuberosum var.
cormosus ‘Huaiyushan’ was 47.29, and there were 60 genes with ENC value larger than 45, indicating weak
codon preference. The preference for codons ending with A and U in the chloroplast genome of S. tuberosum
var. cormosus ‘Huaiyushan’ was largely affected by natural selection, and less affected by mutation pressure.
CGU, AAA, CUU, GUU, GGA, GUA, GGU, UCA, GCU, and CCU were the 10 best codons in the chloroplast
genome of S. tuberosum var. cormosus ‘Huaiyushan’. [Conclusion] S. tuberosum var. cormosus ‘Huaiyushan’
has a close genetic relationship with S. tuberosum ‘Desiree’. [Ch, 5 fig. 3 tab. 41 ref.]
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Figure 1 ~Chloroplast genome map of S. tuberosum var. cormosus ‘Huaiyushan’
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Table 1 Chloroplast gene functional classification of S. tuberosum var. cormosus ‘Huaiyushan’
HH R PRI e P %if[
| psad. psaB. psaC. psal. psaJ 5
2 1 psaJ. psbA. psbB. psbC. psbD. psbE. psbF. psbH*. psbl. psbK. psbL. psbM .
RGN 15
ST psbT . psbZ
NADH it ndhA. ndhB*. ndhC. ndhD. ndhE. ndhF. ndhG. ndhH. ndhl. ndhJ. ndhK 12
i b/if B A1 petd. petB. petD. petG. petL. petN 6
ATP 45 it atpA. atpB. atpE. aipF. atpH. aipl 6
TR AR 25 1 o rpll4 ., rpll6. rpl2* . rpl20. 1pl22. rpl23% . rpl32. 1pl33. 1pl36 11
T AN S5 T rps11. rps12* rpsl14. rps1S. rpsl16. rps18. rps19. rps2. rps3. rps4. rpsT*. rps8 14
[ NS rbeL 1
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2.7 MEEERAZLFERREST
271 RBLEBSF A RS M RIEN 4 87 4 CDS I K% 1 3 4~ & GC il i ¥ {E N
38.38%, GCl. GC2. GC3 43I~ 45.98% . 39.55%. 29.60%, XVl GC 7E%H5F 3 A A4 Ai £
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1120 bpybp
S. trisectum 85 737 bp. / / 25 593 bp / 18 373 bp /[ 25 593 bp
155 852 bp i
550 6 bp 1bp|2218bp 4541bp |1 1226p 31bp frnH psbA
1121 bpyg bp
S. boliviense 85 833 bp /] 25 573 bp / 17619 bp /[ 25573bp
154 598 bp 260 110 bp Tbp 221800 2123bp )1 122bp gbp £ trnH psbA
 1l7bplasy
S. bukasowz 85 998 bp [/ 25 596 bp [ 18 394 bp [/ 25 596 bp
155 584 bp 204bp 74bp [T bp AT bp w3op% #nH psbd

llle

S. pennelllz 85 680 bp [/, 25613 bp [ 18 348 bp [/ 25 613 bp
tnH psbA

155 254 bp i

186 bp [92'bp T N

llle

S. habrochaites 35 877 bp /[ 25612bp / 18 364 bp /[—_25612bp
tinH psbA

155 465 bp 1W 2op 455()bp |1|9bp
__ lliibp8by
S. cochoae 85 928 bp [/ 25 534 bp [ 18 362 bp [/ 25 534 bp
155358 bp o T b L L) [RTE T S— gbp # tmH psbA

JLB. LSC 1 IRb [X 1911 5; JSB. IRb Fl SSC X [{JiZ1 5% JSA. SSC # IRa X (i1 t; JLA. IRa F LSC [X 14 5,
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Figure 2 Comparison on the boundary locations of large single copy region, small single copy region and inverted repeat region in chloroplast

genomes of S. tuberosum var. cormosus ‘Huaiyushan’ and its 10 related species
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Figure 3 Composition analysis of chloroplast genome codons of S. tuberosum var. cormosus ‘Huaiyushan’ and its 10 related species
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Table 2 Relative synonymous codon usage (RSCU) of chloroplast genome of S. tuberosum var. cormosus ‘Huaiyushan’
R T L T N L i T
GCA Ala 1.134 37 401 GGG Gly 0.731 07 333 CCU Pro 1.521 13 432
GCC Ala 0.718 53 254 GGU Gly 1.242 59 566 AGC Ser 0.342 61 119
GCG Ala 0.390 38 138 CAC His 0.479 87 149 AGU Ser 1.191 94 414
GCU Ala 1.756 72 621 CAU His 1.520 13 472 UCA Ser 1.197 70 416
AGA Arg 1.829 81 491 AUA Ile 0.909 09 680 ucc Ser 0.955 85 332
AGG Arg 0.633 54 170 AUC Ile 0.609 63 456 UCG Ser 0.59597 207
CGA Arg 1.453 42 390 AUU Ile 1.481 28 1108 uCcu Ser 1.71593 596
CGC Arg 0.368 94 99 CUA Leu 0.821 14 391 UAA Ter 1.655 17 48
CGG Arg 0.424 85 114 CcucC Leu 0.434 72 207 UAG Ter 0.758 62 22
CGU Arg 1.289 44 346 CUG Leu 0.403 22 192 UGA Ter 0.586 21 17
AAC Asn 0.485 74 315 CUU Leu 1.297 86 618 ACA Thr 1.221 17 421
AAU Asn 1.514 26 982 UUA Leu 1.812 39 863 ACC Thr 0.771 57 266
GAC Asp 0.408 80 223 UuG Leu 1.230 66 586 ACG Thr 0.446 70 154
GAU Asp 1.591 20 868 AAA Lys 1.462 87 1054 ACU Thr 1.560 55 538
uGC Cys 0.556 29 84 AAG Lys 0.537 13 387 UGG Trp 1.000 00 490
uGU Cys 1.443 71 218 AUG Met 1.987 34 628 UAC Tyr 0.397 12 193
CAA Gln 1.491 10 712 GUG Met 0.012 66 4 UAU Tyr 1.602 88 779
CAG Gln 0.508 90 243 uucC Phe 0.722 19 542 GUA Val 1.502 75 547
GAA Glu 1.477 52 1035 uuu Phe 1.277 81 959 GUC Val 0.52473 191
GAG Glu 0.522 48 366 CCA Pro 1.193 66 339 GUG Val 0.524 73 191
GGA Gly 1.571 90 716 CcCC Pro 0.742 96 211 GUU Val 1.447 80 527
GGC Gly 0.454 45 207 CCG Pro 0.542 25 154
272 GC3-GCI2 441 JrFTkI:  “MEIL @il i R 10 AR SRR K 1) GC3 1

534 A 0.142 9~0.443 2, GC12 Ffil534ii hy 0.285 7~0.658 5, Wi KLU ML 50 fi . WA C
ZB () K 0.110 1 (R>=0.012 1), AHEAEE (P>0.05), FIHAEE N 0.1175, #il] GC12 5 GC3 A%
(Bl 4A), R HEIL &l S A PR 41 2505 - P R AR KRR B A2 A ARG BERGsE I, 1A%
SR T ISR /N
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Figure 4 GC3-GCl12 analysis (A), ENC-plot analysis (B) and PR2-plot analysis (C) of chloroplast genome codons of S. tuberosum var. cormosus
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2.7.3 ENC-plot 247 M. A re R ih <k sk fh BT 3 g, e 08 fh 2 T o Hoa
R ERE L, UL RH S 1Y S2BR ENC (ENCobs) 538 ENC (ENCexp) fE7EX 5. J T Rss
Fr ENC FIERIS ENC 22 R, 1A T “MEILT &l D4 % ENC HEEL, B (ENCexp-ENCobs)/
ENCexp. Z5HEW: “MEIL’ &SRB GARBER AR T, H 16.47%(14 1~) 195 H 7 1 76
0~0.1 X [H], 34 THAE ik a2 fiim, P ENCobs #3if T ENCexp i, 1 83.53% 5L A 40 1 1
0~0.1 IX[A] 4k, WEEIEEMZEs> 45, Bl ENCexp Al ENCobs AHZEH K, FHH AREFZEM MR &
Ly I 4% S 2 A I DR 2 3 ol PR O P ) SR R R 2, T 2878 B /DS (] 4B).

2.7.4 PR2-plot 2 ¥ 3HrEH]: A3/AU3 #ll. G3/GC3 gL 0.5 Jg ABR, K FL 4 i 3L R A A
Y. M G3/GC3 i, ZHUERNAIT B (>0.5), DEBOEFEALT T (<0.5); M A3/AU3 HE, 24
RO T M (<0.5), DEEERGTAM (>0.5) XFH 4 FhkEEAE R SCE 74 3 67 77 C>G.
T>A ML (K 4C). M0 FHAELE I 58 452 A8 TR 152 ma i, C Al G LK A AT [R] U3 RS 78
5300 LR NARAE . B, MR R E S S S A DR 21 R Al R P R A AR RS
(SES- AN

275 RLEFEBFTHZ RSCU ST AN [FHF#H 2 RSCU>1 F1 ARSCU=0.08 By % %+ 104>, B
CGU. AAA. CUU, GUU., GGA. GUA. GGU, UCA., GCU, CCU, X T#LL A, UZE, #
R MR LS SRR B R A W R LS (G5 3).
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Table 3 Optimal codon screening of chloroplast genome of S. tuberosum var. cormosus ‘Huaiyushan’

N M mE ek B RR . M E mTEe Bl
BT R ARSI ™ ARSCU | #T #ItR A  ARSCU
PFE SRHRIER AR PP SRR AR
CGU* Arg 1.289 44 0.631 58 1.428 57 0.796 99 || UUU Phe 1.277 81 1.31579 1.200 00 —-0.11579
AAA* Lys 1.462 87 1.000 00 1.750 00 0.750 00 || UUG Leu 1.230 66 0.750 00 0.600 00 —0.150 00
CUU* Leu 1.297 86 1.022 73 1.500 00 0.47727|| AUU Ile 1.481 28 1.428 57 1.263 16 —-0.165 41
GUU* Val 1.447 80 0.800 00 1.250 00 0.45000|| CAU His 1.520 13 1.333 33 1.000 00 —-0.333 33
GGA* Gly 1.571 90 1.302 33 1.750 00 0.447 67 || GAA Glu 1.477 52 1.469 39 1.000 00 —0.469 39
GUA* Val 1.502 75 1.400 00 1.750 00 0.35000|| ACA Thr 1.221 17 1.000 00 0.444 44 —-0.555 56
GGU* Gly 1.242 59 1.302 33 1.500 00 0.19767|| CCA Pro 1.193 66 1.142 86 0.571 43 —-0.571 43
UCA* Ser 1.197 70 1.000 00 1.153 85 0.15385|| GAU Asp 1.591 20 1.600 00 1.000 00 —0.600 00
GCU* Ala 1.756 72 2.105 26 2.250 00 0.144 74 || AAU Asn 1.514 26 1.600 00 1.000 00 -0.600 00
CCU* Pro 1.521 13 1.571 43 1.714 29 0.142 86 || CAA Gln 1.491 10 1.61538 1.000 00 —0.615 38
AUG Met 1.987 34 1.000 00 1.000 00 0.00000|| AGU Ser 1.191 94 1.444 44 0.769 23 —-0.675 21
UAA Ter 1.65517 1.200 00 1.200 00 0.00000|| CGA Arg 1.453 42 1.421 05 0.714 29 -0.706 76
UGU Cys 1.443 71 1.000 00 1.000 00 0.000 00 || UUA Leu 1.812 39 1.704 55 0.900 00 —0.804 55
ACU Thr 1.560 55 1.600 00 1.555 56 —0.044 44 || UCU Ser 1.71593 1.888 89 0.769 23 —1.119 66
GCA Ala 1.134 37 0.421 05 0.375 00 —-0.046 05 || AGA Arg 1.829 81 2.368 42 1.071 43 —1.296 99
UAU Tyr 1.602 88 1.548 39 1.500 00 —-0.048 39

Ui AR A RS TN B RS T

2.8 RELBEHMW
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Figure 5 Phylogenetic tree of S. fuberosum var. cormosus ‘Huaiyushan® and its 18 related species based on chloroplast genome
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