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Chloroplast genome features and intraspecific chloroplast
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Abstract: Rosa praelucens is a critically endangered alpine wild flower endemic to Shangrila
County of Yunnan Province. Rich in phenotypic diversity and with a high ploidy level of
decaploid, R. praelucens is a very important rose germplasm resource. In order to clarify the
genetic background of its phenotypic variation, the chloroplast genomes of 40 individual plants
representing different phenotypes within the species were sequenced by using the Illumina HiSeq
2000 platform, and then assembled, annotated and compared. The results were as follows: (1)
Chloroplast genomes of R. praelucens were 157 173-157 261 bp in length, with a size difference
of 88 bp among different individual plants. The genomes encoded 132 genes, mainly related with
photosynthesis and self-replication. 27 155 codons, preferring using codon ending of A or U, were
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found in all the coding sequences. (2) Thirty six repeats and 73 simple sequence repeats (SSRs)
were detected in the chloroplast genome of R. praelucens. Most of the cpSSRs were
mononucleotide type and located in the intergenic region of LSC region. (3) The haplotype
diversity (Hd) among the 40 chloroplast genomes was 0.928+0.027, and the nucleotide diversity
(Pi) was 0.00012. The intergenic region of pefN-trnD and psaA-ycf3, gene rps16 and ycf1 were
relatively more divergent. No reverse or loss of large DNA fragments and genes were found
among the cp genomes of different individuals. These results suggested that the chloroplast
genomes were highly conserved in size, sequence and structure within R. praelucens. The rich
intraspecific phenotypic diversity was not directly caused by the variation of chloroplast genomes
among different individual plants.
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M ZRARTEAE ) (A3 S h R P E HEIRE (Wicke et al., 2011) « KZEEE DT
SRARFERNH K LA 150 kb 7o ty, NIRSFII DY /AR 2, A4S —A KE#E ILX (large single
copy, LSC)  —AN/NEEE DIX (small single copy, SSC) FIPAN =M EE X (inverted repeats,
IRs) (Wicke et al., 2011; Shetty et al., 2016; Zhu et al., 2016) . =25 HE W 1) H- 44k FE R 4 v
JELRSF, (HBELE P SRR I R A AR R B8 B (Sunetal., 2017) . KREHEETF
51| (Guisinger et al., 2011) . FE[F R o LR (Yeetal, 2018) PLAZ IR X4 7k Bl 4
(Lietal, 2017; Liuetal, 2017) o MERRIEFH R 2 Hbl Y A BEREHE (Neale &
Sederoff, 1989; Daniell etal., 2016) . SZIEFAMEL, HaREEERHARA T8I, 4519
Ao PRAT MR SRR A, BB B R R E E T4, A4 7 5 #H 5 /7 41 (simple sequence repeats,
SSRs) (Cavalier, 2002) , UL ZRH T REGKE . DNA KL, FEF THEMNZES K
R FL (Dong et al., 2018). fifidg —ARIMI/THiAR (next-generation sequencing, NGS) K &,
TR 22 (P A S 4 JE R 40 7 B 4, NCBI 308 e i 4 B A A 1 i 8500 /ME )
2R R 2

A RIEL (Rosa praelucens) & = B8 B kg b B ARG B fa ) (Rl T4, 2017;
Ku & Robertson, 2003) , & [E K -9 1EY)
(http://www.forestry.gov.cn/main/3954/20210908/163949170374051 .html) . 4] | B /& 3% 44
Rl 4e7F (Li & Zhou, 2005) FIE ZL F =405 1, BRI (X4 55%, 2013) Hm#t
wF i (JEICEEE, 2021) o H Jian % (20100 &I TR B A Fborb i — 1 B s M —
TR (2n=10x=70) LK, AT B A AV RE (OROC RS, 2012) « EF
ARG (IHAFEE, 2014) « FREEDLR (I EREE, 2016) « RGAIE (EHH%, 2018) |
T T YRR T Z AT RZRFAE (7%, 20200 DL I (& Z AR L 454 (Jian et
al., 2018a) AT | REHHFL, KILH WRIBF N AL E MR Z e, Hrh e afeR
BRIUHEZE (WA, 2013; Jianetal, 2018a) o

PRAR 2 A VWA B TR B IR 2 3R AR A I — D AU AT E EEH bR (Balao et al.,
2011) o REWFFLR A BRI REN T S 10 2 A5 AAE Y R 22 7= A2 18 4% R R I8 45 1) 20,
MR SR R IE, (EHERAL . ABMEE EE A0, WEGHIES (Ramsey &
Schemske, 2002) o AT -5 R 0 R ECk L, RN E R B R L AN R .
EH T o o SR RO o 5 PR AR AE BRI T 22 P TR T BRAE Lg% 15 5ot 98 B R A o Jian 4
(2017) RIE 1 rp A B ) SR AR SR R 2 KN . & XK BEAN GC & & dafid i) R =
SEAREE, RIHPaE AR B R 4Ny 157 186 bp, SR H =L (R.
chinensis var. spontanea) %53 EEYIAH L, Hort SRR FL R 2H £ K, HAE LSC X1 psbM Al rnD
Z A —A K8 505 bp (AN o TERLIERE I, SN T VIS ) R EOR P R AR S s Y
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Table 1 Information of different phenotypes of individuals within Rosa praelucens

FREHAE Phenotypic characteristics

TR

Code 22 TR T K Location
Flower color Flower size (cm) Petal number
0-1 A {4 White 12.5 5 ¥4 2500 7 FH Nursery of Gesang
Flower Company
02 A {4 White 10 5 ] #% 25 /2 5] Nursery of Gesang

Flower Company

0-3 # A 4 Pinkish white  8~8.5 5~7 AN 43 22 Buhegulao Village
0-4 ¥ {4 Pinkish white  6~7 5~6 A 23 A4 Buhegulao Village
1-1 4T £ Rose red 11 5~8 Pz 550 Tang’anpei Village
1-2 W41 €5 Pinkish red 10~12 5~7 Y2354} Tang’anpei Village
1-3 Hr4L€8 Pinkish red 10~13 5~7 FAKT Jigong Village
1-4 HY4L A0 Pinkish red 10~12 5~7 B 0H Jigong Village
1-5 K418 Pinkish red 10 5~7 FEAFIH Tuomunan Village
2-1 418 Rose red 7~10.5 5 5 R Tangpei Village
2-2 414 Pinkish red 6.5~9 5 Y5 R Tangpei Village
2-3 M 418 Pinkish red 8~10 5 AT Tangpei Village
2-4 414 Pinkish red 8~10 5 FERTHAT Tangpei Village
2-5 3414 Pinkish red 8~10 5 A Tangpei Village
2-6 /%*ﬁél@ Dark pink 7~10 5 iﬁfﬁ:jﬁ' Tangpei Vi]lage
2-7 HKZL A Crimsonred  9~11 5~11 FERTHAT Tangpei Village
ML Deep 8 5
3-1 crimson red with KR Reshuitang Village
white core
B L0 [ Deep 7~10 5
3-2 crimson red with 1 Bigu Village
white core
B L0 [ Deep 7~10 5
3-3 crimson red with ZH K Bigu Village
white core
4-1 R4 Light pink  8.5~11 5 #AHAS Hupi Village
4-2 # 4 Pink 8~10 5 HAHLAS Hupi Village
4-3 # & Pink 8~10 5 #AHAS Hupi Village
4-4 # 4 Pink 8~10 5~7 HAHLAS Hupi Village
5-1 KA f5 Reddish pink  8~11 5 HHHEAS Hupi Village
52 W45 Reddish pink  10~11 5 #AHt . Hupi Village
6-1 PRI Dark pink ~ 9~10 5 W45+ Buhegulao Village
62 IRKZL( Dark pink  7~10 5 il 75 %+ Buhegulao Village
6-3 (’ﬁé*ﬁ@:é Dark pink 10~12 5 Z‘ﬁuﬁ]@%*ﬂl Buhegulao Vil]age
6-4 RMY A Dark pink  9~11 5 #4544 Buhegulao Village
6-5 AL Dark pink  9~12 5 Fim 43 A} Buhegulao Village



7-1 W41 8 Reddish pink ~ 9~11 T4& K Naisi Village
7-2 M4 4 Reddish pink ~ 9~11 T47#} Naisi Village

8-1 WKt Light pink 7~8
8-2 Wk & Light pink 8~10
8-3 ¥ 1 Pinkish white 11

AW 23 4 Buhegulao Village
Aiim] 2322 Buhegulao Village
AW 234 Buhegulao Village

l
oo

8-4 By {4 Pink 7~10 Al 7324} Buhegulao Village
8-5 B¢ Pink 7~10 ~ Fil 452 #f Buhegulao Village

8-6 ¥ 1 {4 Pinkish white 10
9-1 Wk & Light pink 9~12
9-2 WKt Light pink 10~12

W45 %) Buhegulao Village
BEARL A Taomugu Village
BEARL AT Taomugu Village

UlUl(JI(Jl(ZJI(JIU](JlU](JI
N |

1.2 BT i
1.1.1 FE[AZH 50 DNA B4 EL W7 412k Jodoke

i % R 1) CTAB 247 HH AR B Fr i 5 DNA $2HL, I8 B8 N7 225K ¥ DNA 1%
A6 AT AR BUERHE A3 B2 71 Tllumina Hiseq 2000 W 777 & 3547 @EPE 7, BEANRE i
1551%9 3.5 Gb (1) 150bp 5 H BUJR AT (raw data) , F NGSQC Toolkit v2.3.3 #ff (Patel
& Jain, 2012) 42BN SHO J5 46 7 #1471 IR/ %, 15 31 0 & 194G 20541 (clean data).
i GetOrganelle Chttps://github.com/Kinggerm/GetOrganelle) #1T de novo M\ %%, 743
ok A B R 7 51 250 i 2R R 20 )7 41 /8 CpGAVAS (Liu et al., 2012) H 34T 1R,
VERESE R 18 H Genious 9.1 (Kearse et al., 2012) @471 %] FJA BAE N yE R R 130 5t X 43,
xZA¥FH OGDRAW (Lohse et al. 2013) 2 ffil] iF 2 A4 Jk K] 2H 4 2 P 3
1.1.2 WS RS DRI AL S5 44 73 A

A Geneious #AFXT CL_EA% 2 NCBI. Fr31]5 08 MG450565.1 14 ] il Bl 4 A 42 3 [R]
AT I SR A L DR 2 G b B R A G 1h - FH Mega 6.06 (Tamura et al., 2013) #7651
PRl o3 dr, THEE S A XHE A (relative synonymous codon usage values; RSCU)F-4¢
1 AT & & HE Z 750 Mk £+ REPuter X £ (https://bibiserv.cebitec.uni-bielefeld.de/reputer)

(Kurtz et al., 2001) , 18 2 J& [K 2H 7 1) 1E [ # & (forward repeats) F1 % [7] 5 & (reverse repeats)

FPol. BAEAThy, WEERNESFIKEANT 20bp, FH—BMEKRT 85%. Ihsh,
A MISA (Beier etal., 2017) FffRk¥ e EREFH (SSRs) , MR HE B EN:
o 2o =0 W ARAERHEFREZRE S HAVNT 104 50 40 30 3 /13,
1.1.3 ot AN [RI A s 1) - 2 A4 5 DR 28 91 B A

1E Geneious /i Ff Mauve F£/% (Darling et al., 2004) X Hb ]l B 40 MR HEAE KK
() I S A DRI 23R AT B, 40T AN [RTAELAR P P S A 25 DR 2HL [ 7 75 A7 A6 R v B I i B 25 2R
F DNASP v5.10 34 (Librado et al., 200975 P -2 A4 I3k PR 41 () 545 2 22 % 4 Chaplotype
diversity, Hd) AR 2 &M (nucleotide polymorphism, Pi) , §iiidk M-S AA 3k K 2 1) i AR
X

2 AR50

2.1 AR BUH 3 A 5 BR] 4 ) 25 M R AiE

H ) I EOR A AS [R1 R AL 40 MR VAR AR I i S AR SE R AH 7 A R B L & 2 XK
GC &, YmhisE R % H A B I 1 RIS 2. F il B R 4L 51l 45K 157 173~157
261 bp, FEFRIAIAHZ 88 bp. F:[HALE KHIAE 7-1 SHakk, N 157261 bp, LR/
2-5 SHEtk, A 157 173 bp. LSC XK A 86 300-863 53 bp, AHZE 53 bp, K42 7-1 Sl
FR, BROEHE 2-5 SHEkk; SSC X KN 18 765-18 803 bp, #HZE 38 bp; I E A IR XK JF
Y5 26 054 bp, 1t BIFH Py 8 PR 2H K /N ) 22 57 32 EORYE T LSC Fl SSC X . JERI4H GC & &
TEAFMARIENE A B3 % 5, AR R4 M GC & &:I8 37.2%, HH IR X 1) GC & 74 42.7%,
LSC X1 GC & &N 35.2%, SSC X[ GC & &N 31.2%.
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Fig.1 Chloroplast genome map of Rosa praelucens
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Table 2 Characteristics of the chloroplast genome of representative Rosa praelucens individuals

=

% 5 KJZ Length (bp) GC &= GC content (%)
Code BK Total K B NHBEEI KW E AN KHEENL NREIN RMAE
length X LSC [X SSC SKX IR 2 Total [X LSC X SSC HEIX IR

0-1 157184 86311 18765 26054 37.2 352 31.2 42.7
0-2 157186 86313 18765 26054 37.2 352 31.2 42.7
0-3 157230 86319 18803 26054 37.2 352 31.2 42.7
0-4 157230 86319 18803 26054 37.2 352 31.2 42.7
1-1 157188 86315 18765 26054 37.2 352 31.2 42.7
1-2 157186 86313 18765 26054 37.2 352 31.2 42.7
1-3 157187 86314 18765 26054 37.2 352 31.2 42.7
1-4 157186 86313 18765 26054 37.2 352 31.2 42.7
1-5 157185 86312 18765 26054 37.2 35.2 31.2 42.7
2-1 157177 86304 18765 26054 37.2 352 31.2 42.7
2-2 157180 86307 18765 26054 37.2 352 31.2 42.7
2-3 157177 86304 18765 26054 37.2 352 31.2 42.7
2-4 157178 86305 18765 26054 37.2 352 31.2 42.7
2-5 157173 86300 18765 26054 37.2 352 31.2 42.7
2-6 157179 86306 18765 26054 37.2 352 31.2 42.7
2-7 157179 86306 18765 26054 37.2 352 31.2 42.7
3-1 157230 86319 18803 26054 37.2 352 31.2 42.7
3-2 157186 86313 18765 26054 37.2 352 31.2 42.7

3-3 157231 86320 18803 26054 37.2 352 31.2 42.7
3-4 157186 86313 18765 26054 37.2 352 312 42.7
4-1 157186 86313 18765 26054 37.2 35.2 31.2 42.7




4-2 157186 86313 18765 26054 37.2 352 31.2 42.7
4-3 157186 86313 18765 26054 37.2 352 31.2 42.7
5-1 157186 86313 18765 26054 37.2 352 31.2 42.7
5-2 157186 86313 18765 26054 37.2 352 31.2 42.7
6-1 157230 86319 18803 26054 372 352 31.2 42.7
6-2 157229 86318 18803 26054 37.2 352 312 42.7
6-3 157229 86318 18803 26054 372 352 312 42.7
6-4 157230 86319 18803 26054 372 352 312 42.7
6-5 157229 86318 18803 26054 37.2 352 31.2 42.7
7-1 157261 86353 18800 26054 37.2 352 31.2 42.7
7-2 157185 86312 18765 26054 37.2 352 31.2 42.7
8-1 157229 86318 18803 26054 37.2 352 31.2 42.7
8-2 157230 86319 18803 26054 372 352 31.2 42.7
8-3 157230 86319 18803 26054 37.2 352 312 42.7
8-4 157229 86318 18803 26054 372 352 31.2 42.7
8-5 157185 86312 18765 26054 372 352 31.2 42.7
8-6 157231 86320 18803 26054 37.2 352 31.2 42.7
9-1 157213 86340 18765 26054 37.2 352 31.2 42.7
9-2 157188 86315 18765 26054 37.2 35.2 31.2 42.7

2.2 AR B SR A kR 2 1) 5 BRI A4
B 3 AT, Hp ) B SRR SR DR 2H A g 132 AN ThREEE R, BEE 87 AR Ul 4n D
I, 37 A tRNA ZEHFT 8 AN rRNA K. i, S50EEREXRNERE 451, 5K
SHIAERIIEERA 76 A, ThReRA P FHAREEREIE 11 4. 6 NMEAHRBIERE (ndhB. rpl2.
rpI231psTrps12.ycf2) T D tRNAs (trnA-UGC- trnl-CAU- trnl-GAU- trnL-CAA . trnN-GUU
rnR-ACG. trnV-GAC) F14 4~ rRNAs (rrnl6. rrn23. 4.5, rmnS) ZEIRXELEHEE.
16 132 NFEEKH, perB. petD . ndhA .\ ndhB . rps16. rpl2. rpll6. rpoCl, trnA-UGC . trnl-GAU ,
trnK-UUU, #rnL-UAA. trnV-UAC %§ 13 NMERA 1 DM ET, yof3 F clpP XA LR & F
WANNE T, rps12 NEUBTHE B, H 5umfE LSC X, 1) 3% fE IR XEH

& 3 v fa o) BB A R R 2L ) ik R A

Table 3 Gene composition of chloroplast genomes of R. praelucens

IhfE Function

F [ FBE Gene family

FH:[K Gene

HAE1EH ATP 4 J§ & R ATP synthase atpA, atpB, atpE, atpF, atpH, atpl
Photosynthesi i B ARFER
otosynthesis ﬂ rﬂi;ﬁ;ﬁ 2 & H Cytochrome b/f peth, petB*, petD*, petG, perl., peiN
NADH & i3 Xl NADH ndhA* ndhB** ndhC, ndhD, ndhE, ndhF,
dehydrogenase ndhG, ndhH, ndhl, ndhl, ndhK
Yt &4 1 3£ [A Photosystem 1 psaA, psaB, psaC, psal, psal
psbB, psbT, psbH, psbN, psb], psbL, psbF,
Y6 &4 11 £ [H Photosystem 11 psbE, psbZ, psbC, psbD, psbM, psbl, psbK,
psbA,
TR A B E AL B L R Rubisco large vhel.
subunit
H & E HHERE 5 /N IEFEFE R Ribosomal rps2, rps3, rps4, rpsT", rps8, ps1l, rps12#,
self-replication proteins (SSU) rps14, rps15, rps16* rps18, rps19
bR E 3 KPR [ Ribosomal rpl2** rpll4, rpl16*, rpl20, rpi22, rpi23%
proteins (LSU) 1pl32, rpl33, rpl36

RNA E A2 H RNA polymerase rpoA, rpoB, rpoC1%, rpoC2

trnA-UGC**, rnC-GCA, trnD-GUC,
trnE-UUC, trnF-GAA, trnG-UCC, trnG-GCC*,
trnH-GUG, trnl-CAU™, trnl-GAU**,
trnK-UUU* #nS-GCU, t#rnL-CAA™,
trnL-UAA* trnL-UAG, trunM-CAU,
traN-GUU, #rnP-UGG, trnQ-UUG,
trnR-UCU, trnS-GGA, trnS-UGA, #nR-ACG*,
trn’T-UGU, trnT-GGU, trnV-UAC*
trnW-CCA, trnV-GAC*

rrnl6”, rm23%, rrnd.5%, rrms™

32 RNA FE[A Transfer RNAs

ikl RNA £ rRNAs

Others B E 4344 7] 352 4E Hypothetical yefl, yef2¥, yef3** yefh

o}

>~




chloroplast reading frames (ycf)
LiT-CoA-FR AL g i) M
Acetyl-CoA-carboxylase subunit
H AR F Protease gene

f K 2 (9 34 [K] Envelope protein gene

c B 3 A A Type ¢
cytochrome synthesis gene

AR IR Mature enzyme gene

3 5% k2 4R [ 7 Transcription initiation

factor

accD

clpP**
cemA
ccsA

matK
infA

e SRR ANE T S RORERANAE T RORRAETE: TRORE IR KA RAEZEL.
Note: * indicates genes with one intron; ** indicates genes with two introns; # indicates trans-spliced gene; *
indicates genes with two copies in the IR region.

2370 R BOH SR B B A B T 4
o B R AR DR B S T FE AR (RSCUD B4, kR L 27 155 %51
Toitd, HAZER (leucine) R IMIRRFINEAILR, oty 7 A 12 7650 % 85T,

U EL10.85%, TAHZRR Chistidine) 7218 FH A IR G U 1R

gt 7 A 153042

B, HEERI1.95%. PLA-FIU- NS B F80E W, BT trnL-CAA. trnS-GGA. F&
AR Arg-AGGH H &M Gly-GGGLASL, BT M e ik [F] Ui+ (RSCU > 1) #i72 LLABUZ,

R.

R4 rpa] BB B T - B T R AR R T i 4

Table 4 Condon-anticodon recognition patterns and codon usage of the Rosa praelucens

chloroplast genome.

TR EAUSE B X R SCE Y TR EAUSS e AR 7] S
Amino Acid Codon Count + RSCU Amino Acid Codon Count g-F RSCU
I UUU(F) 1092 121 UCU(S) 504 1.26
AWERPhe 50 706 0.79 s ser  UCCO) 422 1.06
UUA(L) 597 1.3 = UCA(S) 477 1.19
UUG(L) 619 1.34 UCG(S) 342 0.86
Y, CUU(L) 556 1.21 CCU(P) 262 1.1
FAMLew G 319 0.69 s pro CCC) 207 0.87
CUA(L) 393 0.85 CCA(P) 272 1.14
CUG(L) 281 0.61 CCG(P) 211 0.89
AUU() 925 1.35 ACU(T) 352 1.14
REEi e  AUC() 517 0.75 e ACC(T) 280 0.91
AUA() 615 0.9 HEBThr ) caT) 375 1.22
HHEEE Met  AUG(M) 571 1 ACG(T) 223 0.73
GUU(V) 421 1.35 GCU(A) 239 1.24
Wi Val  GUC(V) 208 0.67 P GCC(A) 176 0.91
GUA(V) 372 1.2 HRB Al GoAA) 223 1.16
GUG(V) 244 0.78 GCG(A) 134 0.69
P UAU(Y) 800 133 EEm®  UGU(C) 382 113
HERR Tyr UAC(Y) 405 0.67 Cys UGC(C) 292 0.87
41 stop UAA(¥) 488 1.07 Z1EF stop  UGA(Y) 445 0.97
B UAG(¥) 439 0.96 tBER Trp . UGG(W) 542 1
I CAU(H) 352 133 CGU(R) 218 0.72
4 s
M His CAC(H) 178 0.67 W& CGC(R) 141 0.46
e ik CAA(Q) 547 132 Arg CGA(R) 304 1
BERMEGIn ) 50) 283 0.68 CGG(R) 261 0.86
. AAU(N) 957 1.34 7R AGU(S) 362 0.91
%
RARLIEL Asn AAC(N) 470 0.66 Ser AGC(S) 292 0.73
s Lys | AAAK) 1015 1.26 % AGAR) 526 1.73
¥ AAG(K) 590 0.74 Arg AGG(R) 370 1.22
S Ay GAUD) 628 1.46 GGU(G) 350 0.98
= P GAC(D) 235 0.54 g Gy 99CG) 224 0.63
HEM GAA(E) 691 1.3 ARG GGA@G) 458 1.28
Glu GAG(E) 375 0.7 GGG(G) 400 1.12

24 HERIBHFGERAN YU EEEZFS
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(GAC) Z:[H A Fg X FndhAZEE N &+ X . KEZHERFHIATLSCXAMIRX, EH9

NEEFFHEARK XIS, w515 ZER A5G TIRBXAISSCIX.
5 e RO S A R AL P 8 R

Table 5 Repeat sequences in Rosa praelucens chloroplast genome

Gis EHEHE1DITA EREKE EERE2ANITE KA PHERMNE  PrEX R
Code 4t Repeat Start 1 Size (bp) A& Repeat Start 2 Mismatch (bp) Location Region
1 100770 F 40 122818 0 ndhA IRB, SSC
2 44997 F 39 100772 0 vef3; 1IGS LSC, IRB
3 44997 F 38 122820 0 vef3; ndh A LSC, SSC
4 59254 F 34 59285 0 1GS LSC
5 123010 R 37 123023 -3 ndhA SSC
6 109739 F 32 109771 -2 1GS IRB
7 133696 F 32 133728 2 IGS IRA
8 67436 F 25 67460 0 IGS LSC
trnG-GCC,
9 9822 F 27 37714 -1 1nG-UCC LSC
10 8380 F 29 36640 -2 trnS-GCU, trnS-UGA LSC, IRB
11 91108 F 29 91129 -2 yef2 IRB
12 152341 F 29 152362 -2 yef2 IRA
13 51039 F 22 51060 0 1GS LSC
14 43196 F 25 147743 -1 IGS LSC, IRA
15 58610 F 25 58635 -1 rbcL; 1GS LSC
16 39962 F 30 42186 -3 psaB; psaA LSC
17 10499 F 21 10520 0 IGS LSC
18 8733 F 29 65172 -3 1GS LSC
19 83661 F 29 122808 -3 rpll6, ndhA LSC, SSC
20 10623 F 20 10647 0 1GS LSC
21 13570 F 20 90104 0 IGS, ycf2 LSC, IRB
22 28582 F 20 28602 0 1GS LSC
23 33042 R 20 86327 0 IGS LSC, IRB
24 67511 F 20 67530 0 IGS LSC
25 120144 F 20 120164 0 IGS SSC
26 133705 F 23 133737 -1 IGS IRA
27 8669 F 28 31214 -3 1GS LSC
28 12223 F 28 72420 -3 IGS, clpP LSC
29 83667 F 28 122814 -3 rpll6, ndhA LSC, SSC
30 7598 R 25 61186 -2 1GS LSC
31 83670 F 25 100769 -2 rpll6, IGS IRB
32 37582 F 22 37604 -1 IGS LSC
33 43764 F 22 73530 -1 IGS, cipP LSC
34 45662 F 22 142499 -1 vef3; IGS IRA
35 109749 F 22 109781 -1 1GS IRB
36 5203 F 24 127726 -2 IGS; ycf1 SSC

F: FRRIEAER; RERIAER.

Note: F indicates forward repeat; R indicates reverse repeat.

2.5 PRERBHFEERAKREER T
MISAHAHAE b ) B 2 R S DR A P 3Lk B 73Rl SR B PP 41 (SSRs) , P g%

HIRSSRs (A/T/G/C) %, HAS01; HikeE—

M REA! (AG/AT/TA/TC) , H134,

SHHEBREASA, WUEEREGIA, ASEHESSRsH24, A A% HHRSSRs. 4
KB A HAEAISSRs, B ERAAISSRsEL, —FH 73 AIN65 M M8AS, A (a4 RUSSRs
(£6) o 58/NSSRsfiTLSCIX, 54=#SSRs179.5%, 5L TSSCIX, IRAFIRBIX %45
Ao RA23NSSRsA T2 F H, HeHf TR AIGX . FAZ T ERSSRsH1174%)8 T A/T,
X 5cpSSRs EE IR IREIE (adenine, A) Bff#0E (thymine, T) H & RMAR DA &

Ik 05 0S (guanine, G) AIHEMERE (cytosine, C) AL UEA —2 .
KT ) SR AR R AH A i R R R A

Table 7 Simple sequence repeats (SSRs) in R .praelucens chloroplast genome



F B %k B mEEET] KON TR GRRL T E X B Gene

Code Type SSR Size  E Start H End Region

1 pl (A)15 15 185 199 LSC

2 pl (A)12 12 3764 3775 LSC trnK-UUU

3 pl (A)15 15 4361 4375 LSC

4 pl O11 11 6187 6197  LSC rps16

5 c (T)11atatcattctaaattttagaatatttttcgattattgtaaaaat 104 6478 6581  LSC
caaattagttaactaaattctaactaaatataacacg(AATA)3

6 p2 (AG)S 10 6791 6800  LSC

7 pl (A)12 12 6971 6982  LSC

8 p2 (AT)6 12 7163 7174 LSC

9 p3 (TAA)4 12 8319 8330 LSC

10 pl (A)10 10 8508 8517  LSC

11 pl (A)20 20 8678 8697  LSC

12 c (T)12attttaatatt(A)11 34 9894 9927  LSC

13 p2 (AT)9 18 10115 10132 LSC

14 p3 (TTA)4 12 10368 10379 LSC

15 pl ()13 13 12228 12240 LSC

16 pl (C)ll 11 14297 14307 LSC

17 pl (MH11 11 18416 18426 LSC rpoC2

18 p2 (TA)S 10 19785 19794 LSC rpoC2

19 pl (T)10 10 26132 26141 LSC rpoB

20 pl (T)10 10 28994 29003 LSC

21 pl ©)14 14 29627 29640 LSC

22 c (AAT)4tc(T)10 24 30565 30588 LSC

23 pl (A)14 14 30722 30735 LSC

24 pl (T)10 10 33042 33051 LSC

25 p2 (TA)S 10 36876 36885 LSC

26 c (ATAA)3tataa(AT)5 27 37632 37658 LSC

27 p2 (TA)S 10 44657 44666 LSC yef3

28 pl (A)10 10 45663 45672 LSC yef3

29 pl (A)12 12 45979 45990 LSC

30 pl (T)10 10 46522 46531 LSC

31 pl (A)14 14 47885 47898 LSC

32 pl (A)11 11 48476 48486 LSC

33 p4 (TAAT)3 12 48666 48677 LSC

34 pl (T)14 14 48850 48863 LSC

35 c (A)13gaatcgaccgttcaagtattcaaaattgecacactaaaaat 91 48965 49055 LSC
gatagaaaatcatagaaattgggacatg(TA)S

36 pl (T)10 10 49785 49794 LSC trnL-UAA

37 p4 (TTTA)3 12 51007 51018 LSC

38 c (TA)St(TA)S 21 53297 53317 LSC

39 c (T)10caagtgcggaaaccccaggaccagaagtagtaggattt 112 56377 56488 LSC atpB
attctcataataaaatatgtcgaaatttttttgcgaaaatgactgaa
atcaa(AAAT)3

40 p4 (AATT)3 12 58966 58977 LSC

41 c (T)10ataggtatttagt(A)10 33 61024 61056 LSC

42 pl (MH12 12 61394 61405 LSC

43 p2 (TC)S 10 62863 62872 LSC cemA

44 pl (G)10 10 64968 64977 LSC

45 pl (T)10 10 66847 66856 LSC

46 pl (MH11 11 69049 69059 LSC

47 pl (A)11 11 70255 70265 LSC

48 pl (MH12 12 71742 71753 LSC

49 pl (MH12 12 72425 72436 LSC clpP

50 pl (MH11 11 73436 73446 LSC clpP

51 p2 (AT)6 12 74110 74121 LSC

52 pl (A)12 12 79712 79723 LSC

53 pl (A)14 14 79874 79887 LSC

54 p4 (ATGT)3 12 80012 80023 LSC rpoA

55 pl (MH11 11 82081 82091 LSC

56 pl (A)10 10 83136 83145 LSC

57 pl (A)10 10 83991 84000 LSC pl16

58 pl ()15 15 85420 85434 LSC

59 p3 (TAT)4 12 87117 87128 IRB pl2

60 pé (TAGAAG)4 24 94485 94508 IRB yef2

61 pl (T)10 10 102111 102120 IRB



62 pd (AGGT)3 12 108333 108344 IRB rrn23
63 p4 (TTTA)3 12 110521 110532 IRB
64 pl (T)10 10 121335 121344 SSC
65 P2 (AT)6 12 122168 122179 SSC
66 pl (A)10 10 123061 123070 SSC ndhA
67 pl ()13 13 123308 123320 SSC ndhA
68 pl (T)10 10 130333 130342 SSC yefl
69 pd (AATA)3 12 132966 132977 IRA
70 pd (CTAC)3 12 135154 135165 IRA 23
71 pl (A)10 10 141380 141389 IRA
7 p6 (CTTCTAM 24 148992 149015 IRA yef2
73 p3 (ATA) 12 156372 156383 IRA 2

2.6 FERBFA RN FEERATHZR

HR ) S ECRf P AN [R) S A 1 I G A 5 TR 4 A 22 S N o BT ARERMEANMAR I A R K]
WP HILERE 2 A LRI 58 AN o i 3k 22 AN ARG A, BAE AL FEH 0.928+0.027, HXFR
Z M 0.000 12, Flpy - SEORIERIZTEIE R L DR [R)BE X IOAZ IR 2 S MUK, X 24
AR IR AL T LSC X1 psbI-trnS(GCU)- trnS (GCU)-trnG(UCC) trnG(UCC)-trnfM(CAU)
petN-trnD(GUC). petA-psbl psaA-ycf3 SEIEREFGIX, LLIZ rps16 Al yofl SE5EER (& 2)
Mauve b6 )45 53 B o) ) B0 P AS [E AR SR 4 A 1) Sk i R AL 450 30 R AR AL
AFAER Fr B R i i sl Bk (3D

ZERZ A Nucleotide polymorphism (Pi)
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rps16
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MFAEELBRIE Chloroplast genome position

T8 & K/N=1000 bp, 2K:=1000bp.
window length=1000 bp, and step sizes=1000 bp.
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Fig. 2 Nucleotide diversity (pi) among the chloroplast genomes of 40 Rosa praelucens individuals
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Fig. 3 Mauve alignment of the chloroplast genomes of representative Rosa praelucens individuals
3 WikH4R

ERSRAE A 1) et S P 225 R 4 R DR 2 R HE A B LA 8¢ v PR DR s P, L el KA
I PRI 1) 3 o 5 R JE A A IR i S R B DR AL AE R/ R AE O, P AEgEM EHELL K IR X
P4 d 7K %5 (Daniell et al., 2016) o ]I B[R R 40 MR PEA A - ZRAATE R
H R/ 157 173~157 261 bp,  BEANFLRIH g 132 MR, EES56EER BRI H]
FZE . 5 1A & 1 5 H Z24€ (Jian et al., 2018b) « 5aM H %= (R. lucidissima) (Zhao et al., 2019).
ARFELE (R banksiae) (#5757, 2019) , KAEFIKHZE (R odorata var. gigantea) (Yang et al.,
2014) « &VEF (R. laevigata) (Yin et al., 2020) LA K FH'&Ff (Chen et al., 2019; Cui et al., 2022)
(PR AR TR BRI ZHAR B, o o s P B DR ZE R AE A B B IR K 500 bp A2 A7 4b, fEERIZH I GC
T JEFEM S HENY B e PR AR — 2, RIS E AR R - SR A R DR 2 R
Fhla) 22 S/, EBAE AR XA 7 A BE AR A

WS R AR AN R AL, W TR R A R R G R e RS T, AT
W JE R Rk i pA kA v H ) R I8 =, FEAR I8 A% & FoRA b F e R D T B B2 R
W E(Qi et al., 2015). 2 RS fi P4 43 BT 5 7 v ) R A0 10 - S Ak Do PR AL e B S B v, R
P2 e M P A e e RV U IR T AL R A P AR A 1K o U4, v o SR BB P A7 1) 3 ) S R
TR LASULE R (RSCU > 1) , B FRSCUK T 1028 7= 52 Fn A 46 v 1~ H A /] SRS (1)
fERAE CREREE, 2012) , R aRIE L FRiF AA-FIU-25 2 .. X 5 F)E 15
M ZAE M 05 F il M (Jian et al., 2018b) JEAR—EL, JHF 7EAH I K (1) 4 F AL AN SRR
FIKBLE | LAl




TEPIH oA i B B 781 (ep-SSRs) N HSRIAL HA Bm AN A 2851, Wit
A Z VR B ZLE AL FRIC (Cavalier, 2002) , W8 H T B AE R R Ge it AL AN = B AL 1T
4t (Provan, 2000; Flannery et al., 2006) UL S AE4) 18045 I #2022 1¥) 70 7 FR i (Powell et al., 1995;
Xue et al., 2012) . H1-Fpoly AFlIpoly THH Etpoly CHlpoly GHJ &g EL A5 5 /& 1) 45 M K 5 % (Gragg
etal,, 2002) , KZ B ) SRSk K2 B A% 7R SSRs %2 poly AMpoly T4 4 il 2
2R A 3 [R 4 Hh 25 734N ] B B &2 /7 4 epSSRs, BN UL AT IR SSRs, K> H i IR s v

(A) Bl flpmsng (T) EE MM, FEA TLSCX KK EKEX, 5 FE RS H 2218 (Jian
etal, 2018b) FA—F, MGHELMEWINLAIE (Camellia) CTHFE, 2022; MK
A5, 2023) . 4EEJE (Seriphidium)  (Jin et al., 2023) %2540,

T RORIE 7038 W 355 0 P AN [R] P A 10 TS 5 R 2L ) PR A TR 1 A8 X 32 47T LSC X
trnK-rps16+ psl16-trnQ~ trnS-trnG+ atpF-atpH. rps2-rpoC2 EZ ANFEFHEX . rps19 Al yefl
SIS X, LA rpl2. rps16. ndhA ZEFERI N &+ X (Jian et al., 2018b) . H1 i
R HOR A A [ 2 RUARR MR ) 4 R R AR 2 S I BUIR, IR 2 S TEA X i) e Ar T
LSC XN petN-trnD(GUC)~ petA-psb]~ psaA-ycf3 ZE/LEULAEE ARG, LK rps16
yefl SRR . 455 Mauve OISR IR, 6B ) 00 ER0RY A FE) e 2 3k PR 21 1) 2 1A
PSRN GRS i FE AR ST, ANAFAE R Fr BUT 91 e IR )0 i i 3 25 2k, FLA AN [ A e Y
AR S AN T S AR R DR 2 AR 5

L5 LIRS ) B R T SRA  DRT 2 R AT ] SRR R R it b, TEAR I BT 1 P
HOH 2o A DR 2L ek BRI o 5 R (i 47 A% ] B B 55 P B S AR AE , A B ANTA]
RILHRAEA A R SRR PRI ZH B0 AT T HBCRE R A 70, 405 SRR B o e 0 E5OR A ) 24
HE PRV AH K/ Fp 1 R R 5 A 55 T 2 s BE DR ST 5 ANAFAE R BROFP 971 B IR F 20 A el 2
W FE 45 5 D9 v e B ORAP AT A At 1 it 2 fA ik DR 20y T A Atk B0 o Wk 7t 3 WA o e )
BOPh N =5 R A AR S A2 TSR SR DR AL IR A e, 45 b e R v s PR ARRAIE S
R IBCE RSG5 R« e R R0E T 28 R MBAL 55 M BEEAT HE— IR N RGN AT
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