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Abstract: Pogostemon cablin (Blanco) Benth. possesses significant medical and industrial values, as it
can be used for medicinal purposes as well as for essential oil extraction. However, the yield and quality
of P. cablin can vary depending on the ecological environment and artificial cultivation measures
employed in different production regions and origins. In order to study the structural characteristics and
compare the differences of the chloroplast genome of P. cablin of different origins, this study used the
DNBSeq sequencing platform to sequence the whole genome of P, cablin, used getOrganelle to assemble
the complete chloroplast genome, annotated the chloroplast genome through the OGDRAW website, and
analyzed the basic structural characteristics, IR/SC boundary comparison, genome comparison and
collinearity analysis, simple repeat sequences and interspersed repeat sequences, polymorphism analysis
and relative usage analysis of synonymous codons. The results were as follows: (1)The full length of the
chloroplast genomes of 20 different origins of patchouli was 152 461~152 510 bp, and 132 genes were
annotated, including 87 CDS, 37 tRNA genes and 8 rRNA genes. (2)The mVISTA comparison found
that atpF, atpF-atpH, rps16-trnQ_UUG, rpoB-trnC_GCA, accD, psal-ycfd, petA-psbl, rpll16, and
rps15-ycfl were hypervariable regions. (3) The sites with nucleic acid diversity greater than 0.002 were
located in the trnM-CAU-atpB interval, ycf4, rpl32, and rpl32-trnl.-UAC interval. (4)Analysis of the
relative usage of synonymous codons detected a total of 64 codons encoding 20 amino acids, and there
were 33 highly preferred codons, among which codons ending in A/U accounted for the majority.
(5)74-76 SSRs, 15-18 palindrome repeat sequences, and 12-17 forward repeat sequences were detected.
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(6)After genetic distance analysis and phylogenetic analysis, only GSY MLXY has a distant genetic
relationship with other cultivated types. In this study, the genome structure and different sites identified
of chloroplasts from 20 different sources of P. cablin were obtained, which provided basic data for the
development of molecular markers and the selection of superior germplasm.

Key words: Pogostemon cablin, chloroplast genome, repetitive sequence, single nucleotide
polymorphism, relative usage of synonymous codon
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Table 1 Pogostemon cablin sample information

- B GenBank &35
4P 7 5 = >4
i *%ﬂﬁf‘“ . Latitude and GenBank accession
Number Collection location .
longitude number
PARAT M T B 2k 2 R L132436" E
GZY Pharmacy Building, Guangzhou University of Chinese Medicine, Panyu 23°04'01"N’ PP383983
District, Guangzhou City, Guangdong Province
PR R R K B 267 L L1556 E
GY Southern Medicine Industrial Park, Gaoyao District, Zhaoqing City, 23011'07" N PP383989
Guangdong Province
TR AR S PR T S H X A 112°30'06" E,
ZQXY Zhaoqing University, Duanzhou District, Zhaoqing City, Guangdong Province 23°06'46" N PP383998
TR BT B T S /KB =2 A 111°3728" E
YC Malan Village, Mashui Town, Yangchun City, Yangjiang City, Guangdong 22°0738" N7 PP383994
Province
PR B B T Tk T 13728 B
YC2 Malan Village, Mashui Town, Yangchun City, Yangjiang City, Guangdong 22°0738" N7 PP383995
Province
PR T B MBS 2K T L 24T 113°2438" E
SZS ShiZhen Shan, Guangzhou University of Chinese Medicine, Panyu District, 23°03'51" N’ PP383993
Guangzhou City, Guangdong Province
JHEB B E N 111°11'47" E,
YF2 Luoding City, Yunfu City, Guangdong Province 22°40'33" N PP383996
AR T R B SR B | 1292035"E
ZQZC Yin Village, Lecheng Town, Gaoyao District, Zhaoqing City, Guangdong 23920'07" N’ PP383999
Province
PARAR MR 4R P S 113922507 E
GSY_SP Guangdong Food and Drug Vocational College, Tianhe District, Guangzhou 23012138" N’ PP383986
City, Guangdong Province
PARA MR 4R P R B 113922507 E
GSY_GY Guangdong Food and Drug Vocational College, Tianhe District, Guangzhou 23012138" N’ PP383984
City, Guangdong Province
PR MR 4R P S T 113922507 E
GSY_YC Guangdong Food and Drug Vocational College, Tianhe District, Guangzhou 23012138" N’ PP383987
City, Guangdong Province
PARAR MR 4R P S T 11392257 E
GSY_YN Guangdong Food and Drug Vocational College, Tianhe District, Guangzhou 23°1238" N’ PP383988
City, Guangdong Province
PARAR MR 4R P S B 11392257 E
GSY_HN Guangdong Food and Drug Vocational College, Tianhe District, Guangzhou 23°12'38"N’ PP383985
City, Guangdong Province
PR MR 4R P S 113922507 E
GSY_MLXY  Guangdong Food and Drug Vocational College, Tianhe District, Guangzhou 23°12'38"N’ PP375409
City, Guangdong Province
AR KT T £ RS 21338 B
ZQSP Liang Village, Hetai Town, Gaoyao District, Zhaoqing City, Guangdong 23°20'07"N’ PP383997
Province
PARAR TR MR BRI 6 10525017 E
SX Cai Zhi Lin Pharmaceuticals, Liwan District, Guangzhou City, Guangdong 5 1°37'72"N’ PP383992
Province
P IR T R A B B | 12°0845" E
Pl Yalou Village, Qianfeng Town, Yuncheng District, Yunfu City, Guangdong 290 48'59"N’ PP375407
Province
P IR T 2RI A B B | 12°0845" E
P3 Yalou Village, Qianfeng Town, Yuncheng District, Yunfu City, Guangdong 290 48'59"N’ PP383990
Province
P IR T R A B B | 12°0845" B
P7 Yalou Village, Qianfeng Town, Yuncheng District, Yunfu City, Guangdong 290 48'59"N’ PP375408
Province
J7IRAE o X B A 112°0845" E
P10 Yalou Village, Qianfeng Town, Yuncheng District, Yunfu City, Guangdong 290 48'59"N’ PP383991

Province




1.2 J¥E
1.2.1 JE[K 40 DNA $2HCR 7

KH] CTAB A& B % &M F &2 DNA, {# ] Qubit Fluorometer #% 2 25 H & &AL (SEEFEER K
AED F 1 %BE ERE SRR KA IS DNA WRFEEFIF & . & DNA £ &85, 8 mE KRR E
HATBR 2 7], 48 ) DNBSeq #ll 5~ 6 UK 3 il F SR K 1y BOK /Ny 150 bp BN ST HEAT I 7 o
1.2.2 WS AR JE DRI A 413 R R

W45 2 [ 4600 77 4048, 3 SOAPnuke ¥ (Chen et al., 2018) XK i1 &£ H8 217 €,
bRy 2 3k (adapter) ¥ reads; K FRKE<150 bp [ reads; 2R N(N 378 Jo ik b 2 Bl 2415 2 (1) LL A3
1.0%PA ) reads; 5B read H polyX (X AN A, T, C B G) KJEHEIL 50 bp H reads; R
Jii & reads (B 5 EH Q<20 HIBHIEEL 5 42 read KJEH) 30% L _HY reads) , ¥ 5752 clean data
T G808, {HH getOrganelle (Jin etal., 20200 v1.7.7.0 FEAT4EE, S 4¥5 %N embplant_pt

(FEAEFEYI 24K, B RY mIEHECN 10, WH K-mer fH4 21, 45, 65, 85; P45 H
Bandage v0.8.1 X/ 7L . 8 F Genenious v9.0.2 £ 2x JF A By 41l . DL 28 5 1 - 2 A4 26 [ 41
(NC _042796.1) J¥¥Ih%%, il CPGAVAS2 Wi (http://47.96.249.172:16019/analyzer/home )

BTN AR, A R4k T H OGDRAW (https:/chlorobox.mpimp-golm.mpg.de/OGDraw.html )
2ot SR AR B DR 2H 1
1.2.3 WRELFISHAEEETY

i MISA (Beier et al., 2017) 3K Perl JHAIRZK i E /741 (simple sequence repeats,
SSR) fEM g fA LKA 54 ER) oA, WEBRREREZRITRTET 104, KR HRER S
TRTFETFSA, “BHREERLAKTET 44, WU, I, AEHFREERTKTET 34
N R85 REPuter (Kurtz et al.,2001)  Chttps://bibiserv.cebitec.uni-bielefeld.de/reputer) I
SRR EEE R A, AR EREETFY] (F) . RAEEFH] (R) - BANEEFH (O
MESCEERFY] (P FEREATREEREEFIRNSHRE: BEREERN 3, RPhEEK
FEA/NT 11 bp, HATABNE, B e-value AT 1x10° FIEE 741,
1.2.4 1 546 595k

i i} JISHY-Cloud Chttp://cloud.genepioneer.com:9929) ] CPJSdraw i1 #+ 22 #i1] T B LL AN F SRk
P B AT AN H 5 S 75 NC_042796.1 Jx 7] 55 [X 5 5§38 DX )14 - (Raubeson et al.,
2007) , ATRMALILER
1.2.5 Mo R PR 20 LA 5 SR 2tk 43 it

) mVISTA (Frazer et al., 2004) 7E£83 1 (https://genome.lbl.gov/vista/mvista/submit.shtml),
SHE Ik FE shuffle-LAGAN #5200 20 ANAN [F] SR Y T 88 A - 2 A 2k R AH A7 LA A, LA
AR BSR4 (NC_042796.1) 1ENZ7% . f§ ] mauve (Darling etal., 2004)  (version
20150226) Xt)" 7 Ay 2R Sk I AL BEAT IR LRI 047 o
1.2.6 Z AL s

187 F mafft(Katoh &Standley, 2013)v7.490 B LU 20 25 SRR IE R H 7 51, X155 )5 3 H fasta
. T3 fasta SCIFS5 N DnaSP (Rozas et al.,, 2017) v6.12.03 84, 15 20 AN &0
SRR AT IR 2 K, WE S DK E (window length) 9 600, 4K (step size) 4 200,
1.2.7 [ SCERS 7 FEXS A BE - (relative synonymous codon usage, RSCU)

KFH CodonW v1.4.4 75 % 3£ Hf) RSCU (Dana & Tuller, 2014) , FfFIFAEL T RSCU-#
K Chttps://www.bioinformatics.com.cn/plot_basic_cluster heatmap plot 024) Zxl|] % 7 IS4k 3
(K ZH ¥ RSCU #4 8.
1.2.8 B AL 2T

fEF“1.2.675 T 4 mafft v7.490 X§ 5% 5 1 fasta SCfF, A\ MEGA-X #fF, &K mega SCfF,
W E H B 1E Bootstrap method 1000, %+ p-distance B, B THE AN FRIR) 2 B i 2R AR L K 20
i EE % (Kumar et al., 2018) .
1.2.9 KGR E 2



187 FH mafft v7.490 X 55 20 AN]SR PRI R 20 K 4 R BEIRTT Nepeta cataria [P 43¢ PRI R
M5 (MT663220.1) , “EH fasta SCHEH igtree v2.2.0.3 #f4, LA MFP #5238, HJEH 1000,
57 ML H .

2 GR50
2.1 JEE A A R DR 2 M R

JTRE A AR I RN IR 4y, H 2 MM iksitg (B D, 8 eEsE 14K
FPEDIX (LSC) , 2 M RMEEX (IR M1 ANAFE DX (SSC) o FEFIAKE N 152 461~152
510 bp, GC Z B 21N 38.2%. 20 /MAN [F AR 3 A AR B R 2H 1 B GSY_MLXY (1) SSC M 17 571
bp, HAHIN 17 584 bp; GSY_MLXY FJ IRa 5 IRb 4 25 664 bp, H 43144 25 662 bp; GZY - P7.
SX. SZS.YC. YF2.ZQXY.ZQZC.GSY_GY.GSY_YC [ LSC A 83 554 bp, GSY_SP.GSY_YN.
GSY_HN. P1. P3. P10. YC2. ZQSP. GY /] LSC & 83 553 bp, GSY_MLXY [ LSC A 83 611
bp (3R 2) o 20 NANEIRIE 8 7 W SAA S DR 2 25 WA A — B30, 0t A - A I DR 21 5 M PR 5
2 DNAMAN Ltxt, P7. GZY. SX. SZS. YC. YF2. ZQXY. ZQZC. GSY_GY. GSY_YC i%
10 N 5E 4 HE, LU fEiFR P7 2% P1. P3. P10. GSY_SP. GSY_YN. GSY_HN. YC2. ZQSP.
GY X 9 MFalEemE, PUR R P1 &,

F 2 RE AW SRR I IR 2H 1) B AR 4 R

Table 2 Basic composition of the chloroplast genome of Pogostemon cablin

Ko i
G5 B
Length (bp) Content (%)
Number
LSC SSC IR Total A T G C GC
P7 4
83 554 17 584 25 662 152 462 30.53 31.22 18.84 19.40 38.24
P7, etc
P1 %
83553 17 584 25 662 152 461 30.53 31.22 18.84 19.40 38.24
P1, etc
GSY_MLXY 83611 17 571 25 664 152510 30.54 31.21 18.85 19.40 38.25

22 JTEEHGGERNATRSHR

FEREH 132 MR, X SEEEH i f 87 4N CDS, 37 A tRNA S A1 8 /> rRNA JE[E, H
28 DUERA 18 4, Bk rnM-CAU N 3 N UL, ndhB. rpl2. rpl23. rps12+ rpsT- rrnl6. rrn23.
rrn4.5. rrnS. trnA-UGC. trnL-CAA. trnN-GUU. #rnR-ACG. trnV-GAC. ycf15. ycf2- trnl 332K
2L, 18 MEREHNE T, B rps12. clpP. yef3 & 2 M E T, ndhA. ndhB. pefB. petD.
atpF. rpl16. rpl2. rps16. rpoCl. trnA-UGC. trnC-ACA. trnl. trnK-UUU, trnL-UAA . trnS-CGA
BE1ANET GR3D
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W & E 51 Photosystem | & 83
W & RS Photosystem 11 H
[ 4 8 B b/ISE {58 Cytochrome b/ complex

[ ATP i ATP synthase

[ NADHJ M NADH dehydrogenase

I % R R AL W B RubisCO large subunit

[l RNAKEA4-filf RNA polymerase

0 B4 3 105l Bk Small ribosomal proteins (SSU)

I #4804 2 F1 K4 Large ribosomal proteins (LSU)

B §IERNA transfer RNAs

B EHiERNA ribosomal RNAs

I IR AL, B EAE R ClpP, mark

B LR Other genes

[ fesi it 46 BIEHE( ) Hypothetical chloroplast reading frames (ves)

B 1 EET AR E AR

Fig. 1 Chloroplast genome profile of Pogostemon cablin
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Table 3 Functional annotation and classification of chloroplast genome genes in Pogostemon

cablin
KR e FRr 2k e e FRH
Gene fuction Gene category Gene name Gene
number
JeE1EH YRS 1 HH psaA, psaB, psaC, psal, psa) 5
Photosynthesis ~ Subunit of photosystem I
WERGE 1 HF psbA, psbB, psbC, psbD, psbE, psbF, psbH, psbl, 15
Subunit of photosystem II psbl, psbK, psbL, psbM, psbN, psbT, psbZ
NADH %&b id Ji7 fig 2 K] ndhA*, ndhB*(2), ndhC, ndhD, ndhE, ndhF, 12
Subunit of ndhG, ndhH, ndhl, ndhl, ndhK
NADH-dehydrogenase
M2 b/ B &R petA, petB*, petD*, petG, petL, petN 6
Subunit of cytochrome b/f
complx
ATP B [H atpA, atpB, atpE, atpF*, atpH, atpl 6
Subunit of ATP synthase
LI HE — B R LB K rbeL 1
AL LA
RubisCO large subunit
H A il N S PN rpl14, rpl16%, 1pl2*(2), rpl20, rpl22, rpl23(2), 11
Self-replication  Large subunit of ribosome rpl32, rpl33, rpl36

protein



KR e FR 3k e e FRH
Gene fuction Gene category Gene name Gene
number
R AR T /N T EL R rps1l, rps12*%(2), rpsl4, rps15, rps16* rpslS§, 14
Small subunit of ribosome rps19, rps2, rps3, rps4, rpsT(2), rps8
protein
RNA R &R rpoA, rpoB, rpoC1*, rpoC2 4
Subunit RNA polymerase
R RNA FE K rrnl6(2), rrn23(2), rrnd.5(2), rrn5(2) 8
Ribosomal RNAs
iz RNA % [H trnA-UGC*(2), trnC-ACA¥*, trnC-GCA, 37
Transfer RNAs trnD-GUC, trnE-UUC, trnF-GAA, trnG-GCC,
trnH-GUG, trnl*(2),trnK-UUU*, trnL-CAA(2),
trnL-UAA*, trnlL-UAG, truM-CAU(3),
trnN-GUU(2), trnP-UGG, trnQ-UUG,
trnR-ACG(2), trnR-UCU, trnS-CGA*,
trnS-GCU, trnS-GGA, trnS-UGA, trnT-GGU,
trnT-UGU, trnV-GAC(2), trnW-CCA,
trnY-GUA, trnfM-CAU
HAhFE A FiC A matK 1
Other genes Maturase
i clpp** 1
Protease
IR EE cemA 1
Envelope membrane
protein
LT A PR AL B A accD 1
Subunit of
acetyl-CoA-carboxylase
C Y49 i 5 255 e cesA 1
C-type cytochrome
synthase
(R Sy infA 1
Translation initiation
factor
RAIEERER BRE M G AK B EEHE (vef) yefl, yef15(2), ycf2(2), yef3**, ycfa 7
Unknow Hypothetical chloroplast

function gene reading frames (ycf)

E: *FRREAIADINET, H*RRGH2INE T, OFRTRRZH IR I#E 1L

Note: * indicates gene containing one intron; ** indicates gene containing two introns; numbers in ()

indicate gene with duplicate copy.

23 HREREFIISHAEERFS

FIFAELE T B MISA A 78 & AR JE R 41 SSR I arAifs il (B 20, FLAGIE] 74~76
AN SSR, I HRRMESE NE, H76%Ll L, HPLT. A NEEHRICNE, 5P1%. PTER
[, GSY MLXY HEEAIERIALLE rps2 Fl rpoC2 ARG X AL 1 ANLL (C) 15 1) C EE #C SSR,
I HAE perB W& TR 1ALL (G) 11 1 G EE FICH SSR. F AN A RIF ) A i SRR S A
1% SSR 1, 63~64 N34T LSC X, itk 84%LL E, IR X5 24 SSR. Pl &, P7 % FEH
R R BE R AT 21 27 NMEEE B 741, 15 NMESCEE T, 12 AN EREE T, [ GSY_MLXY
SRR SE R AN B 35 MEEERFSH, 18 MEICER, 17 MNEREEFS. B4, | EEF
MR B 413 7E LSC X, A 1/~ 205bp MESCEE TS, ME P HI1E M-Sk 5L R 4 B 42t
FRRIAES R I, 4R A SR AR TR A R P S AR AR D T
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A. B. CHMHIN P12 9 AN R ERIER A, P75 104N EEMSAERAS GSY MLXY | #E &M 44k
FLPRIZL A SSR M S HURAE AN DX I 70 A7 1] o
A, B, and C were the distribution of SSR types and quantities in nine Pogostemon cablin chloroplast genomes such as P1 ,
ten P. cablin chloroplast genomes such as P7 and GSY_MLXY P. cablin chloroplast genomes in different regions.
B2 JTEEHGAEERA SSR BH 5HEE K SSR 2 X &
Fig. 2 SSR type and quantity map and SSR distribution area of Pogostemon cablin chloroplast

2.4 W4 5T 7%

IR/SC [X 45121 S L4 A 5K A i SR AR AR ) 32 BE SR R . W 9 s 17 AN R RIR ) 8 A 4%
IERIZH 5 2% 7 51 NC_042796.1. LSC-IRb i1 FAr T HEH rps19 b, IRb X FEIAFEIL I rpl2
FeH, 5 BB 5°8 97 pb; IRb-SSC 1l FAL T3 K ndhF L, P S 301l S50 5L KN trnN
Pl %5, P7 S 50 FEEES 1422 bp, GSY MLXY SibiZ FAUFEE 1420 bp; SSC-IRa fih 7
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PN TR yefl b, BEET A A2 N, BB K/ S LSC-IRb i S (A BE B — 5, X k]
T IRs XEIXFRYE. e, IRa-LSC MU FAL T-ARgmAg X, R &5 bl S il (1) 36 K 73 3l A rpl2 A
trnH, trnH MBI 1 bp, rpl2 FEEIAT 97 bp, 5 LSC-IRb I A1 IRb [X [ rpl2 FEEAHIE o
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Table 4 Genetic distance of twenty chloroplast genomes of Pogostemon cablin

GZY GSY GY GSY HN GSY MLXY GSY SP GSY YC GSY.YN GY Pl P3 P7 PI0 SX SZS YC YC2 YF2 ZQSP ZQXY ZQZC
GZY
GSY_GY 0
GSY_HN 0 0

GSY_MLXY  0.003975  0.003975  0.003975

GSY_SP 0 0 0 0.003975

GSY_YC 0 0 0 0.003975 0

GSY_YN 0 0 0 0.003975 0 0

GY 0 0 0 0.003975 0 0 0

P1 0 0 0 0.003975 0 0 0 0

P3 0 0 0 0.003975 0 0 0 0 0

P7 0 0 0 0.003975 0 0 0 0 0 0

P10 0 0 0 0.003975 0 0 0 0 0 0 0

SX 0 0 0 0.003975 0 0 0 0 0 0 0 0

SZS 0 0 0 0.003975 0 0 0 0 0 0 0 0 0

YC 0 0 0 0.003975 0 0 0 0 0 0 0 0 0 0

YC2 0 0 0 0.003975 0 0 0 0 0 0 0 0 0 0 0

YF2 0 0 0 0.003975 0 0 0 0 0 0 0 0 0 0 0 0

ZQSP 0 0 0 0.003975 0 0 0 0 0 0 0 0 0 0 0 0 0
ZQXY 0 0 0 0.003975 0 0 0 0 0 0 0 0 0 0 0 0 0 0

zQzZC 0 0 0 0.003975 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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