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Abstract: Objective To analyze the structural features of the chloroplast genome in medicinal plant Asystasia gangetica and explore
its phylogenetic relationships in the tribe Justiceae. Methods The chloroplast genome sequence of A. gangetica was obtained by

sequencing with Illumina NovaSeq 6000, and assembled, annotated and analyzed the characteristic sequences of the genome. A
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phylogenetic tree was constructed based on 34 species of the tribe Justiceae. Results The chloroplast genome of A. gangetica exhibits
a typical tetrad structure with a length of 150 307 bp, including a large single-copy region (LSC, 82 332 bp), a small single-copy region
(SSC, 17 425 bp), and a pair of inverted repeat regions (IRs, 25 275 bp). The chloroplast genome of A. gangetica has been annotated
with 133 genes in four categories: photosynthesis genes, self-replication genes, other genes and unknown functional genes, comprising
88 protein-coding genes, 37 tRNA genes and eight rRNA genes. A total of 34 SSR loci were detected in the chloroplast genome of 4.
gangetica, with A/T being the predominant SSR type; REPuter software identified 33 long repeat sequences; Analysis of IR boundaries
indicated that A. gangetica was more conservative than other species, with minimal variation in the boundary region. Based on the
comparative analysis of complete chloroplast genomes of eight species from eight genera, it can be concluded that the variation rates
of atpH-atpl, petN-trnD-GUC, rps4-trnT-UGU, trnF-GAA-ndh] etc in gene spacer regions were the highest. The codon usage bias
analysis of 4. gangetica indicated that glycine was the most frequently used amino acid in 4. gangetica, and codons ending in A or U
had a strong impact on codon perference. The ENC, PR2, and neutrality plot analyses indicated that natural selection was the primary
factor influencing codon preference in A. gangetica. The selective pressure analysis revealed that nine genes were under positive
selection, playing a crucial role in the adaptive evolution of 4. gangetica and its closely related species. Phylogenetic analysis indicated
that Asystasia and Pseuderanthemum form a sister group, with the closest genetic relationship and high support value, and were
collectively classified as the subtribe Graptophyllinac. Conclusion This study analyzes the chloroplast genome structure of A.
gangetica and explores the phylogenetic relationships within the tribe Justiceae, with view to enriching the genetic resources of
medicinal plant in the tribe Justiceae and providing a reference for species classification.
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JEEHIK J. demissa EYNE MN885664
J. flava EHRE MK548577
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I Z B3 FK J. lianshanica BRJE MNB885665
WP B4 PR J. mollissima YN MNB848247
HFEERR J. patentifiora YN MNB848248
E3PK J. procumbens B3R MN848245
FHLBE J. quadrifaria Y N MN848243
kFFE J. vagabunda EHK R MNB848250
H/NIZ B J. ventricosa EURJE MW580585
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£RUF4E Ecbolium viride AL IR MW482858
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Fig. 1 Gene map of the chloroplast (cp) genome in A. gangetica
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Table 2 Base composition of choroplast genome in 4. gangetica

| T(U)/% Al% Cl% G/% K /bp GC/%
LSC 324 31.3 18.7 17.7 82 332 36.4
SSC 33.6 33.8 17.3 15.3 17 425 32.6
IRa 28.3 28.1 22.6 21.0 25275 43.6
IRb 28.1 28.3 21.0 22.6 25275 43.6
&it 311 305 19.6 18.8 150 307 38.4

32 FEM+AEMHFAERERNEEFRMAER

Rl

X B P 3 B - o A i R 2H 3R AT AE 42 Dl R
PRVERE (R 3), HyEREE| 4 KRR, U La1EMH
FR HIREMIIE . HAR LA A A D e A
RS 133 MR, A4 88 MR A gAY HE A,
8 I rRNA J:[H, 37 /N tRNA JE[H . fEiX s Ko,
B2 NMEREHENE T, HPH 8 NMEIRIX, 47

WAL ndhBQ2)~ rpl2(2)~ trnl-GAUQ). rps12(2); K&
T ndhA 1E SSC X4, HARIFE LSC X, HAFER
(12 yefl 7E SSC XA IRb X (i E S . H,
ndhA- ndhB(2). petB. petD. atpF. rpl16. rpl2(2).
rpsl6 .« rpoCl . trnA-UGC(2) . trnG-UCC . tral-
GAU(2). #rnK-UUU. trnL-UAA. trnV-UAC. accD.
yefl BHEH 1 ANET, 1 rps12(2)s clpP- yef3
HHEEH2MAE T

#£3 TmHTAEMHEREEETDIGES S
Table 3 Chloroplast gene functional classification of A. gangetica
HEH DB Bt e
A A G EE A TR | psaA. psaB. psaC. psal. psal
WHHRS N psbA. psbB. psbC. psbD. psbE. psbF. psbH. psbl. psbJ. psbK.
psbL. psbM. psbN. psbT. psbz
NADH- I & B 7% ndhA™. ndhB*(2). ndhC. ndhD. ndhE. ndhF. ndhG. ndhH. ndhi.
ndhJ. ndhK
MR EGY) bif WA petA. petB*. petD". petG. petL. petN
ATP &7 5L atpA. atpB. atpE. atpF". atpH. atpl
Rubisco A 7% rbcL
SEFa=R Y F- I [N = PN 2= rpl14. rpl16*. rpl2*(2). rpl20. rpl22. rpl23(2). rpl32. rpl33. rpl36
BB R B/ rpsil. rpsi2**(2). rpsl4. rpsi5. rpsl6*. rpsl8. rpsi9. rps2.
rps3. rps4. rps7(2). rps8
RNA K% R 5% & 1 rpoA. rpoB. rpoC1*. rpoC2
bR RNA £ A rmi6S (2). rrn23S (2). rrn4.5S (2). rrn5S (2)
15 RNA ZE[H trnA-UGC"(2). trnC-GCA. trnD-GUC. trnE-UUC. trnF-GAA. trnG-
GCC. trnG-UCC". trnH-GUG. trnl-CAU(2). trnl-GAU*(2). trnK-
UUU". trnL-CAA(2). trnL-UAA". trnL-UAG. trnM-CAU. trnN-
GUU(2). trnP-UGG. trnQ-UUG. trnR-ACG(2). trnR-UCU. trnS-
GCU. trnS-GGA. trnS-UGA. trnT-GGU. trnT-UGU. trnV-
GAC(2). trnV-UAC". trnW-CCA. trnY-GUA. trnfM-CAU
FHoAth £E A A B matK
EEl clpP™
MEREES cemA
TR A R AT 3 accD*
C Y2 (5 35 5 ik K] cCsA
AN T infA
HoAt -
RAThae R R PR SFH B AR yefl*. ycf15(2). ycf2(2). ycf3™. ycf4

EH UG T CEH 2T

“Gene with one intron; ** Gene with one intron.
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2. SSR WEALL A/T NE, HEEEFIIMW
32.35%; H KA AT/AT, 5 17.65%, HAH L
o WA X 33k, LSC [X SSR i /5 A 26 1,
SSC X A7 #5459/, 7E IR [X 45 SSR A7 & 43 i
Hrr, 47 8 /> SSR AL F A% ¥ Cintron), 4 > SSR
A T4 Cexon), 18 AN T~ & K [A] K& X (1GS),
4 4~ SSR AL T ALK A [X o Ui B SSRs A w73 A1
AN .
ff ] REPuterPOE £ T B 78 % it 1 5 45 i

RS A LA ) 33 MK EE )T Y (KEKR
F 30bp) (£ 5), 7£30~39bp WA 14 NIEAE
8 (forward repeats, F), [ 42.42%; 9 R\ EE
(reverse repeats, R), § 27.27%, 8§ PMEILEE
(palindromic repeats, P), /i 24.24%. {E 40~49
bp WHEINA 1 NMERES, & 3.03%, —AEX
HE, 5 3.03%. KEIF| E4EE (complement
repeats, C),

x4 FEHHAEMRIEEELER SSRs KB LK =
Table 4 Simple sequence repeats of chloroplast genome in

A. gangetica
B R SSRER A HEFHIAM L% St %

HGHER AT 1 3235 3529
CIG 1 2.94
THHER ATIAT 6 1765  17.65
ZHHER AAGICTT 2 588 1176
AAT/ATT 2 5.88
M#%HE AAAC/GTTT 1 294 3528
AAAG/CTTT 3 8.82
AAAT/ATTT 2 5.88
AATCIATTG 3 8.82
AATT/AATT 3 8.82

x5 B TABNOMHEEERENKESXBRYE

Table S Long repeats of chloroplast genome in A4.

gangetica
HEKE/bp HE R HEEHE  SH%
30~39 EREE (P 14 42.42
KIAESE (R 9 27.27
FEE (P 8 24.24
40~49 ERES (P 1 3.03
FEE (P 1 3.03

34 IRIBFXDH
BEREL 8 ANJE 8 AWt o A 4 L R 4H 1)

LSC/IRb. SSC/IRb. SSC/IRa il LSC/IRa 1 i Al
AR 2 Bioc. SErt-Fas R 7 AR
BRI A KRB G OR ST, A 2% 301 5 X ik (R A ik
AAHF] A B AFAE — 222 5, XF T LSC/IRb(JLB)

5, "M IE. KPR BIKA D.
acuminata 1) rps19 FEFAE LSC/IRb A F, 3 H L
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Fig. 2 Comparison of boundaries of eight Acanthaceae plants chloroplast genomes
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Fig. 3 Global alignment analysis of cp genomes in eight species of Acanthaceae
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(Gly), RSCU A 1.52; &b H2 UGC,
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Hrp, DLA/U GRMEERA 28 4, B
46.7%, T LA G/C Z5RIIAE 14, HAEI 1.7%;
RSCU<1 H3:4F 314, BLG/IC & REME 28 1,
R 46.7%, LA A/T S5 E 34, Hid
B 5.0%. 22 LRk, 80 RSCU>1 IR LR
, ZHULAU SR, U0 IX SR g R
SR AR DR 20 1) i 4 P 5 B 75 T RSCU <1 /R
ferh, ZHUL G/IC 45R, VX2 Tt i
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3.6.2 ENC-plot 7;#  BEM1 /3 5A 80014
R 7 FE 6-A Fras, MEH AT LA H ST
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Table 6 RSCU of amino acids of A. gangetica
AR A1 RSCU ¥
Ala GCU 1.87 471
GCC 0.62 155
GCA 1.08 272
GCG 0.44 110
Arg CGuU 1.40 228
CGC 0.45 74
CGA 1.32 216
CGG 0.48 79
AGA 1.68 274
AGG 0.67 109
Asn AAU 1.55 548
AAC 0.45 160
Asp GAU 1.62 526
GAC 0.38 123
Cys UGU 1.50 137
UGC 0.50 46
Gin CAA 1.49 434
CAG 0.51 150
GAA 1.48 623
GAG 0.52 219
Gly GGU 1.33 310
GGC 0.42 85
GGA 1.52 685
GGG 0.73 280
His CAU 1.57 397
CAC 0.43 549
lle AUU 1.51 369
AUC 0.62 375
AUA 0.87 102
Leu UUA 1.90 225
UUG 1.27 117
Cuu 1.30 562
cuc 0.35 191
CUA 0.78 611
CUG 0.40 309
Lys AAA 1.49 268
AAG 0.51 132
Phe Uuu 1.33 184
uuc 0.67 109
Pro CcCcu 1.55 334
ccc 0.76 195
CCA 1.06 226
CCG 0.63 133
Ser Ucu 1.62 269
ucc 0.95 78
UCA 1.10 338
UCG 0.65 160
AGU 1.31 239
AGC 0.38 84
Thr ACU 1.65 485
ACC 0.78 112
ACA 1.16 347
ACG 0.41 98
Tyr UAU 1.62 350
UAC 0.38 119
val GUU 1.52 403
GUC 0.43 127
GUA 1.53 460
GUG 0.52 221
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Fig.5 Relative synonymous codon usage of cp genome in A. gangetica
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Table 7 GC proportion and ENC in chloroplast genomics of A. gangetica

GCI% GCI%
A ENC GCa  GC: oc,  oc | * ENC GCa GC:  GC:  GCs
accD 52504 3832 4129 4085 3281 | psbi 39097 3694 5135 2973 2973
apA 45810 3983 5512 3957 2480 | psbl 32475 3740 3650 4878  26.83
atpB 48856 4369 5671 4168 3267 | psbK 52320 3548 3871 3226 3548
atpE 48148 3905 5522 3955 2239 | psbl 48104 3333 3590 2821 3590
atpF 43569  37.84 4703 3405 3243 | psbM 61000 3238 4857 2571 2286
atpH 51608 4715 6463 4878 2805 | psbN 38943 4621 5455 4091 4318
atpl 50477 3837 4857 3755 2898 | psbT 55211 3333 4167 3333 2500
cosA 51559 3220 3489 3614 2586 | psbz 46750 3545 3968 4127 2540
GemA 42711 3304 3860 3026 3026 | rbol 48751 4399 5691 4371 3134
cIpP 51794 4179 57.87 3756 2995 | rpla 45464 3848 5447 3740 2358
infA 57686 3846 5000 3462 3077 | rpli6 43657 4167 5147 5074  22.79
matk 48300 3378 3752 3230 3153 | rpl2 53282 4412 5091 4836 3309
ndhA 44191 3546 4460 3878 2299 | rpl20 42052 3488 3798 4264 2403
ndhB  47.926 3718 4129 3796 3229 | rpl22 44928 3479 4188 3938 2312
ndhC 50704 3581 4298 3388 3058 | rpl23 47515 3759 4255 4149  28.72
ndhD 45215 3560 4103 3711 2866 | rpl32 36900 3333 2885 5000 2115
ndhE 40458 3036 3762 3465 1881 | rpl33 46840 3731 3284 3731 4179
ndhF 43465 3325 3804 3686 2484 | rpl36 19942 3947 3947 5000 28.95
ndhG 45535 3164 4181 3277 2034 | rpoA 52088 3531 4497 3284 2811
ndhH 50326 3959 5051 3680 3147 | rpoB 49507 3953 5061 3856  29.41
ndhl 45547 3531 4260 3787 2544 | rpoCl 51320 3942 5000 3826  30.00
ndhJ 42593 3920 4906 3836 3019 | rpoC2 51885 3895 47.45 3827 3112
ndhK 44602 3835 4381 4425 2699 | rpsil 53451 4748 5468 5755 3022
DetA 49100 3936 5171 37.69 28.66 | rpsi2 45130 4220 5081 4919 26,61
petB 45535 4028 4769 4167 3148 | rpsid 35205 3903 4257 4851 2871
petD 39973 3789 5155 3913 2298 | rpsi5 47661 3370 3736 3077 3297
DetG 50500 3684 4737 3158 3158 | rpsl6 43933 3333 5056 3034 19.10
petl 57500 2917 3438 3750 1562 | rpsis 46805 3520 3627 4118 2843
petN 31511 4333 5000 4333 3667 | rpsi9 36825 3190 4516 3548 1505
psaA 49535 4292 5246 4328 3302 | rps2 51826 3038 4473 4304 3038
psaB 47319 4054 4884 4299 2980 | rps3 52157 3559 4640 3198 2838
psaC 59163 4268 4512 5366 2927 | rpsa 51709 3894 5149 3713 2822
psal 46429 3694 5135 2973 2973 | rps7 44343 3996 5256 4487 2244
psal 35548 4148 4667 4000 37.78 | rpss 42266 3679 4074 4074  28.89
psbA 40248 4145 4929 4334 3173 | yefl 48387 3130 3777 2909  27.06
psbB 50464 4414 5422 4637 3183 | yofl5 37696 3740 3650 2683 4878
psbC 45452 4353 5211 4599 3249 | yef2 53596 3871 4245 3577 3821
psbD 43088 4200 5160 4322 3107 | yoi3 55730 3866 4734 3787 3077
pshE 53089 4087 4286 4643 3333 | yci 54649 3046 4541 4216 3081
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Fig. 6 Analysis of factors influencing codon bias of chloroplast genomes of A. gangetica
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A-Pairwise K,/K; ratios among closely related species of A. gangetica; B-Pairwise K,/K; ratios of different genes among closely related species of 4. gangetica.
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Fig. 7 Analysis of selection pressure among closely related species of A. gangetica
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Fig. 8 Construction of ML phylogenetic tree of tribe Justiceae based on chloroplast genomes
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