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R G 2 B EERN S LB 5 th B R G L HERR

T E#P RERT, BEE, Z2047, kAT
VT 548 o R B AT AT (R B rh L ), YT R R SRR A S R A N SE E, B R 210014
“E R EZ K2, HR 210023

WE  RIEM(Aronia melanocarpa) H W S AME R TAME T 4, (HH S5 eHEEEYN KRG R, %
W UK B AR G4 (cp ) B BRI ZH AT IR, 51 3 SR B (R - S A B R A AT LU b7 . 45 SRR, BRI cp &Ll
HK/N9159 772 bp, 2 HA RIS SE4; Hidh KB DX (LSC) K & 987 810 bp, /IN$E NUIX (SSC)K: 519 200 bp,
[H&4521~26 381 bpli < A1 FE K X (IRafIRb). F:yEREF1324NE [, WHE87AE AT ER . 37/MRNAFISIMRNA. if:
ME76/ 5 HE FHI(SSRYMBONKE LT . RG], RIS IEREA. arbutifolia) IR X Rk, ST
(Cydonia oblonga) &Ik 3 & . 1% ARSI EE R 215 BN 5 221 R G AR RS A5 208 LA 71 B A (B ie S R

XA ORI, HEMARRLL, AR, RGELKR
FEAek, B8, RIEE, BEE, ZT5H, KN (2025). HRI7E Sk i 4 5 D AL 2546 FI LU 0 i K R ek AT )

2k 60, 573-585.

R (Aronia melanocarpa), X4 B 1R%E . A%
%, BB EHAHEAEE (Aronia) (Kulling and Rawel,
2008; Szopa et al., 2017). S5 = T £ EH A L &6
F1FL B X (Hardin, 1973; Seidemann, 1993), 201
Z0FARME Gl N EAE A BRI FAEY . TR,
RN BRI 2 ) e, O T HIER R
ST RN R AR B A AR (RS, 2023; K
&, 2024). UbAk, RRIERTE RN —FhEZ, EH TR
e I AN SN ik sk RE RS AL (Domarew et al., 2002; Lim
et al., 2014; Shukla and Mehta, 2015).

b SR AM AL, VR R AL 4LV A (A, arbutifo-
lia) F1 482 M (A. prunifolia), X PR #8 4K AE L
EHEFAL; A VRARE R A (A, mitschurinii),
J& 77 F Bk (Connolly, 2014; Shipunov et al., 2019).
SR, V7 e J 1Y) 8 F AN R[] O¢ 2 i AN B (Brand,
2010; Shipunov et al., 2019). It4h, &HHEE K72
P LWARE AR, ZE M AN 28, WS
(Mespilus). #LJ&(Pyrus). {eHk)E (Sorbus)FiA i &
(Photinia) (Brand, 2010). Robertson%%(1991)# 4 /2
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i a8 5 A Al S (R AR AN SR SEAR AR &5 08, R RN A
J&. #Rif, Campbell%:(2007)WF 7 E W, B8R 54
o JBE KT EJLTRARE R R IS, Guoss
(2011)45 H, VR AR BEAS & A iR I Aok, AN 2
W frd JE (Pourthiaea) A GR B, A4 T SO Z 8
K73 SR ST ()8 . Lid (2012) KR 5 1% B A DNA P &4
SR (A B DX PR 23 M, R BVE AW J8 7 1 A6 ARk R (Aria) A 7K
Fii J& (Micromeles) I ZH kA . 2 H 17 091k, A& 1
RN BT E -

444 (chloroplast, cp) e 4 (i 4 1) 4% 0 41 i
&, TEGA1E F Ak [ Ak 5 2 2 AE H (Palmer,
1987). LS H, cpdt 4 KD — BN T
120-180 kb [1], % H2B & [ H 5 /7 5l (inverted
repeat, IR)Z&, 2/4NRZ[E AN K H.45 UL X (large
single copy region, LSC)F114~/\#.4% Ul [X (small
single copy region, SSC)F% 71 (Ravi et al., 2008). #H
NPT A2 20, WS R BE DR 2 b A T e i, R TR B
& % 45 7 v FE R F (Daniell et al., 2016; Liu et al.,
2016). #AT, i AT AN [FE A M lElop i R, &
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PLAERE A AR Hh o py AR R R ZE T B, IR A
R IRIMN S, 2023), JEFIX B0ks 55, cpE A B
ZH TR % e & &G HT (Liu et al., 2016; &
HAMFEE, 2019). TEARBEFLH, oA B B ophk
DR ZH HEAT 00 e FHAREAE 23T, 0 7 SRR AE 5 3 iR
130V F I cp i R L b AT EL A%, B 048 7 BRI A 52
HEop R R H MRFAE AR, FEf e HA TR R 5 3L e T
BHE cpSE R 1 R GHMEK R

1 MEERZE

1.1 tEYIFHRIFIDNALZEY

RARTL 7544 5 5t H Lk 47 el iR = 5 1Y) SRR A (Aronia
melanocarpa (Michx.) EIL)#EM F. R CTABLE
Hlcp#: R 4HDNA. INanoDrop 4> )% % & it (Thermo
Scientific, Waltham, MA, 3&[H)xfDNAGT & T PFA
73 1 %l LUk FIQubitze 6 {¥ (Life Technologies,
Darmstadt, & [ )l H 56 B AR B

1.2 MEFREERENF. HAEMTRHE

fElllumina HiSeq4000~1- & ()~ M E W) T &
B P AT DNAST EEMI P, il 32K PE250, 15
F250 MbHyE TR T XA FANOVOP-
lasty (Dierckxsens et al., 2017)% 741347403, DA
Aronia arbutifoliaf*] &k 4 5 K 2H 4= K M1 7 51 f
ZHFLRH, K-mers3 il X B N33, 49. 59169, 3kf5
FHFRI 2S5 R . IR 2 45 SR E s, 2 — BRI
GetOrganelle v1.7.7.1 (BRIASH)IFAT VLA 3. 451
2R AR A5 I — 3. [ FHHCPGAVASHE(Shi et
al., 2019)VERE KA, Ji@ I DOGMA (http://dog-
ma.ccbb.utexas.edu)fIBLAST (Wyman et al., 2004)
RGeS . JBIHRNA scan-SELGIFtRNATE R 45
. ff i OGDRAWV1.2 % JF (http://ogdraw.mpimp-
golm.mpg.de) (Lohse et al., 2007)%: 1|4/ FE R 4H 1)
Pl . SR A I cp 2t R 41 41 2 I 4% % GenBank
(MT527725)5-1£ Science DB 44 4 41/ (K4 FEdoi:
10.57760/sciencedb.26952).

1.3 EEFISHMEBFERSH

{# I MicroSAtellite (MISA, http://pgrc.ipk-gatersle-
ben.de/misa/misa.html) # £ (Mudunuri and Naga-

WA 22 A5

rajaram, 2007)% € 5.5 5 )7 41| (simple sequence
repeat, SSR), ¥ & Z % definition (unit_size, min_
repeats): 1-10 2-6 3-5 4-5 5-5 6-5, interruptions
(max_difference_for_2_SSRs): 100. =& 74 (HiE
EMEE ., & mEE A A E ST 5)iE i REPuter
(https://bibiserv.Cebitec.uni-bielefeld.de/reputer) 7& £
B (Kurtz et al., 2001)E47 7041, 1% E 2% minimum
size=30, Hamming Distance=3. {CodonW1.4.2f%
7 43 B 2 G B AR DR R RH R[] SR R A A R
(relative synonymous codon usage, RSCU),

IR BRI A B R H B3, A mVISTA
(http://genome.lbl.gov/vista/mvista) (Mayor et al.,
2000) £ ¥ £ Shuffle-LAGAN # {, '~ (Frazer et al.,
2004) 77 fr 144 58 B ep 2L R 4H 2 A i 4% 22 5%, B 46
J6 47 # (Photinia glabra) (MK920277). KV 7€ #k
(Sorbus commixta Hedl.) (MK920288). i Jk %L
(Pyrus hopeiensis T. T. Yu) (MF521826). E[J4i4L Sp
(Stranvaesia nussia (Buch.-Ham. ex D. Don) Decne.)
(MK920284). #hiie b5 (Malus florentina (Zuc-
cagni) Stapf) (NC_035625). H 43 £ #ifi(Pourt-
hiaea arguta (Lindl.) Decne.) (NC_045413). Gijiii A
(Torminalis clusii) (NC_045423). 4Ly (A. arbu-
tifolia (L.) Pers.) (NC_045391). #if#(Cydonia ob-
longa Mill.) (NC_045415). AJRif§%(Chaenomeles
cathayensis (Hemsl.) C. K. Schneid.) (NC_045392).
#7447 B (Osteomeles schwerinae C. K. Sch-
neid.) (NC_045420). 444! (Phippsiomeles mexi-
cana (Baill.) B. B. Liu & J. Wen) (NC_045422)F1KK
5 (Mespilus germanica L.) (MK920295). #|H IR-
scope A Xt 3 R 14> Fhop PR 41 A i) L I
X (LSCHISSC)5IRX [1)is F i34 T Al #R AL o

1.4 SFHEMRGHLSH

M B [ 8 AR P AR AS B 0 (NCBI) B FE T %64
MR IcpE R4, £ 6043 Fl AR 52 AA SRR TE,
f§% i ' 35 (Morus indica L.). #4MH5¢3%(M. mongo-
lica (Bureau) C. K. Schneid.). #(Ziziphus jujuba Mill.)
AE I 2(Z. Mauritiana Lam.). R #5644 43
cpRERIZH M R GEEALA . (i FIMAFFT v.5%f} %/ 64
AR cpFE R 413 4T L Xt (Katoh et al., 2019). fi#f
HTrimAL v1.4 13 CERINSE) R IE LR S P41 . 43
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il FH iQTree il FastTree %1 14 2 £ K AUSR (ML) B
(Price et al., 2010). HH, iQTreefm A HTVM+
F+R4, bootstrapi¥y1 000; FastTree A% 1% H
GTR+G, #4171 0007k SH-like local supportt:illl .

2 HER59H

2.1 RIS EEEFHE
SERE ) B Atcp L R 41 42 K159 772 bp, E #A [P
IYEER, XAEZBOE Y A KIL(Xu et al., 2017).
HAL1/7MK87 810 bpHILSCIX F14K:19 200 bp
ISSCIX, X2 X #E1Xf K 926 381 bpffyx ] #
S X (IRafRb) I (1), A cpRE KA R GCH
N 36.6%, IRIX 1) GC ¥ & (42.7%) = T LSC X
(34.3%)FISSCIX (30.4%) (#1), "l fEAEH T iZ X
o E IrRNAFItRNAR GC4 AR 4 i Bl . 1%
5 NI 45 B — % (He et al., 2016; Li et al.,
2019).

1E R cpBE R 4, SEFI 21324 BE ], B
BTN E AL AN . 37/MRNAFIBIRNA. Fr,
110N R R B D1, 22N R R4 T IRIX (R 1, #K2).
E22E G R, 1040 AE AmiDIE R, 84 %Y
tRNA, 4MRfGrRNA (£2). b4h, B kB45403 5
JeAE R FER, AHE6ANATP A BB IV 5 A JE 4]
12NADH /I S B W 3L gm i B (K . 6Nt = b/fR
EHREERILEER . SO RGN FRwILEER . 154
I R G332 g AL 2[R AT 4 i Rubis co oK 3 g g
H(#£2).

shAh, B iRcpiE A A 184 G W &1,
12 B R B E b R ], 6/ BE R 4 i tRNA
Hor, AR EH 2L T, 34 EEF (yef3. clpP
Frps12)&H3INMIMNET(£2). HEAHEREME, rpsl2
&R RN, AR 14 FLSCIX, 14k
B 2RAN R T 3MAL T IRX 24N B, RAEVFL
Rl 1R % WL (Hildebrand et al., 1988). 14k, trnkK-
UUUE A KN & F(K B 82 490 bp), matk 5 A
RTINS T

22 ESEFIISH

P HERE R A AT 5 A R A E AR
KELFHI 2 AR R H P 5, R =2

T. E.(Benson, 1999). AW &K, 7B cpIitH
A S HSONKEL)FS], HA 36N NIERELF
5, 14NN RIABERTH, EHINEEKELTS.
KL ELFH 5 AELSCIX (314), HIUZEIRsX
(161), NENEEFHI/rMfESSCIX . Ak, K%
K G 7 5 oy A e LR 0] X (344, (568%), bHE o
FifEycfl, ycf2. ycf3. ndhAFIrpl163E [ (b2 1).

i8] B B 2 7 41 (SSR)il ' H1-6/MZ H IR 2 5
JCA4LE(Liu et al., 2018). SSREH £ £ A1k, Fitk
AR N S A o WA AN R G itk 22 R BB R4
TRt (Fu et al., 2016). AW 50 7E B ffcp ik K 4
Frll 276 1~SSRs. K7 CL4 € ISSRA AL H R
SSR (574, 1585.07%), FL HAZFRT 140 K i
w, HUUE B RRARIC (£3). SR, BR3D
PR (4.47%) 72 4 SSR (0.44%)41, 7E B cpH:
I PR R E 2RSSR (M#£2). SSREZE
I3 A{ELSCIX (601, 78.94%), HIKAESSCX (124,
15.79%)FIRX (41, 5.97%). L )4 E A T K
#rSSR (581, 76.32%), ifigw bl 1y 41 o AU AR Il 2]
18/~SSRs, 417l Z&matK. rpsl6. trnG-GCC. atpF.
rpoC2. rpoB. atpB. clpP. rpl16. ndhAflycfl (Ff
#2). A, rps16. trnG-GCC. clpP. rpl16. ndhA
Alycfl bt H B LK &5 A B 2 SSRIV /i IXEESSRUJ{E
b/ TR 2= s 5120 il (6 B s

23 RIEWHFREERAPHFDFERARER

AT IR, RIIR SCHD T gAY R — SRR LR,
HA BB R, A EYA B0 o R
(Morton, 2003). 4R, BT 5K TP ) [F) &
T £ FE 4 3k A i B2 b 2> tH B A8 A 22 (Liu and
Xue, 2005). #H%f[F] & 514 FH FE(RSCU) & Ao il
WS 4R FE (9 %48 A% (Sharp and Li, 1987).
I, AT T E A cpFE R 4 H i) 25 R 1A AR
HHMRSCU. it A5 B K 3L A 79 848/ Mk Al
26 6161 E 0T o AR 4R g D21 Fh S FE R 1) 641 W] RE 2%
Ty, 1% op 2k D5 20 it I A0 % gt v A B I 10 2 B TR
Oy R TR R (2 800, 10.52%) LA K 2 bt & 2 (303,
1.14%) . X FRIL GAE H B 7R 54 b AR
(Chiapella et al., 2019). EHIHHL T, [F ST
IR HERSCUME 1T 43 A4 TEfhilf (RSCU<1.0). ik
il (1.0<RSCU<1.2). Hfhilf(1.2<RSCU<1.3) M5
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flf(RSCU>1.3) (Zhao et al., 2010). fEARFH,  FAE MWL (RSCU>1.3); BREILTFUUGH, Hp%
30 &L FIRSCUM K T1.0, HH2f akimey: BT KEZUABULER. M2 T, 340 T ir
(1.0<RSCU<1.2), 7F Ky fifF(1.2sRSCU=1.3), 21 (RSCU=1.0)#% 5+ K £ LACELGZE B (K4)-

3
3 e g
5‘-G‘,"'c ¢ gg o
23 £ 3

4
£
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bsbty s t:‘“ 5600
petg psbl
j_. psbK
petD
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P \ 2
I a ,

[l Photosystem |
[l Photosystem Il
[l Cytochrome b/f complex
@ ATP synthase o
] NADH dehydrogenase &
[l Rubisco large subunit

Il RNA polymerase

[ Ribosomal proteins (SSU)

[l Ribosomal proteins (LSU)

[ clpP, matK 0
Il Other genes & é‘éa
[] Hypothetical chloroplast reading frames (ycf)
@ Open reading frames (ORFs)

Il Transfer RNAs

[l Ribosomal RNAs

@ Origin of replication

[l Polycistronic transcripts

)

BT SR I e i R 20
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Figure 1 Map of the chloroplast genome of Aronia melanocarpa
Genes inside and outside of the circle are transcribed in the clockwise and counterclockwise directions respectively. Different

functional gene groups are color-coded accordingly. GC and AT content are represented on the inner circle by darker and
lighter gray, respectively.
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Table 1 The Aronia melanocarpa chloroplast genome features

Genome features A. melanocarpa Genome features A. melanocarpa
Genome size (bp)/GC content (%) 159772/36.6 Number of unique genes 110
LSC size (bp)/GC content (%) 87810/34.3 Protein-coding genes 87
SSC size (bp)/GC content (%) 19200/30.4 tRNAs 37
IR size (bp)/GC content (%) 52762/42.7 rRNAs 8
Total gene number 132 Genes duplicated in the IRs 22
LSC: K##IIX; SSC: MEFEIX; IR: kA ELEKX
LSC: Large single copy region; SSC: Small single copy region; IR: Inverted repeat region
<2 ARSI 00 SR AR I A PRI 2 ) i P
Table 2 Genes in the chloroplast genome of Aronia melanocarpa sequenced in this study
Category Gene group Name of gene Number
Self-replication Proteins of the large ribosomal subunit rpl2?®, rpl14, rpl16°, rpl20, rpl22, rpl232, rpl32, rpl33, rpl36 11
Proteins of the small ribosomal subunit rps2, rps3, rps4, rps72, rps8, rpsil, rps12%, rpsi4, rpsl5, 15
rps16®, rps18, rps19?®
Subunits of RNA polymerase rpoA, rpoB, rpoC1P, rppoC2 4
rRNAs rr23S?, rrn16S?, rrn5S?, rrn4.55° 8
tRNAs trnH-GUG, trnK-UUUb, trnQ-UUG, trnS-GCU, trnG- 37
GCC®, trmR-UCU, trnC-GCA, trnD-GUC, trnY-GUA, trE-
UUC, trnT-GGU, trnS-UGA, trnfM, trnS-GGA, trnS-GGA,
trnT-UGU, trL-UAA®, trnF-GAA, trnV-UAC®, trnM-CAU,
trnW-CCA, trnP-UGG, trnl-CAU?, trnL-CAA?, trnV-GAC?,
trnl-GAU®, trA-UGC?®, tmR-ACG?, trnN-GUU?, tmL-UAG
Photosynthesis ~ Subunits of photosystem | psaA, psaB, psal®, psal 5
Subunits of photosystem Il psbA, psbB, psbC, psbD, psbE, psbF, psbH, psbl?, psbd, 15
psbK, psbL, psbM, psbN, psbT, psbzZ
Subunits of NADH dehydrogenase ndhA®, ndhB®®, ndhC, ndhD, ndhE, ndhF, ndhG, ndhH, 12
ndhl, ndhJ, ndhK
Subunits of cytochrome b/f complex petA, petB®, petD®, petG, petL, petN 6
Subunits of ATP synthase atpA, atpB, atpE, atpF®, atpH, atpl 6
Large subunit of Rubisco rbcL 1
Biosynthesis Maturase matK 1
Protease clpP® 1
Envelope membrane protein cemA 1
Acetyl-CoA carboxylase acch 1
C-type cytochrome synthesis gene CcCcsA 1
Translation initiation factor infA 1
Unknown function Conserved hypothetical chloroplast ycf1?, yef2?, ycf3®, ycfa 6
reading frames
a: RIAEZX A2 F$E D b BE2MME T IEE; o A& 3NN TR
a: Two gene copies in inverted repeat regions; b: Genes containing two exons; c: Genes containing three exons
3 PRI A IR R 4 o 7 B E T 51 (SSR) I 4 8 AR
Table 3 The frequency of identified of simple sequence repeats (SSRs) in the Aronia melanocarpa chloroplast genome
Nucleot Number of repeats
voleolide(s) —g———=—30 11 12 13 14 15 16 17 16 19 20  Towl
A - - 5 5 4 2 2 4 2 - - - 1 25
C - - 2 1 - - - - - - - - 4
G - - 1 1 - - - - - - - - - 2
T - - 13 9 6 2 1 4 1 2 2 1 - 41
AT 2 - - - - - - - - - - 2
TA 1 1 - - - - - - - - - - - 2
- Nf#fE  — Absent
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Table 4 Codon usage in the Aronia melanocarpa chloroplast genome

Amino acids Codon No. RSCU Amino acids Codon No. RSCU
Phe uuu 975 1.3 Ala GCU 645 1.84
Phe uuc 526 0.7 Ala GCC 217 0.62
Leu UUA 912 1.95 Ala GCA 390 1.11
Leu uuG 565 1.21 Ala GCG 148 0.42
Leu Cuu 593 1.27 TER UAA 51 1.76
Leu CucC 186 0.4 TER UAG 21 0.72
Leu CUA 363 0.78 TER UGA 15 0.52
Leu CUG 181 0.39 His CAU 493 1.55
lle AUU 1123 1.47 His CAC 145 0.45
lle AUC 440 0.58 GIn CAA 727 1.54
lle AUA 730 0.96 GIn CAG 217 0.46
Met AUG 627 1 Asn AAU 987 1.53
Val GUU 524 1.44 Asn AAC 305 0.47
Val GUC 167 0.46 Lys AAA 1068 1.49
Val GUA 552 1.52 Lys AAG 364 0.51
Val GUG 208 0.57 Asp GAU 889 1.62
Ser ucu 573 1.69 Asp GAC 208 0.38
Ser ucc 330 0.97 Glu GAA 1035 1.48
Ser UCA 408 1.2 Glu GAG 363 0.52
Ser UCG 190 0.56 Cys uGuU 226 1.49
Ser AGU 411 1.21 Cys uGC 77 0.51
Ser AGC 128 0.38 Trp UGG 458 1
Pro CCuU 421 1.56 Arg CcGuU 340 1.27
Pro CcCcC 201 0.74 Arg CGC 112 0.42
Pro CCA 310 1.15 Arg CGA 370 1.38
Pro CCG 149 0.55 Arg CGG 121 0.45
Thr ACU 551 1.6 Arg AGA 493 1.84
Thr ACC 251 0.73 Arg AGG 173 0.65
Thr ACA 423 1.23 Gly GGU 589 1.31
Thr ACG 153 0.44 Gly GGC 183 0.41
Tyr UAU 801 1.61 Gly GGA 725 1.62
Tyr UAC 194 0.39 Gly GGG 295 0.66

RSCU: XA X Z13FfHH#% RSCU: Relative synonymous codon usage

24 EBRMNEPTENFREEESAMLER ST

i FmVISTATE L8, 14503 ERHE Y cpdt A
HitATBLASTHr#T, JHUAREM NS % . R
o HrR B, NG YN DR A R fk b v AR ST
JRHRERG X (KE2). Mk, fEXEyFiF, 5%
X 2 7 R (E2). AR X, trnK-rpsl6.

rpsl6-trnQ. trnG-atpA. petN-psbM. trnT-psbD.
psbZ-trnG. trnT-trnL. ndhC-trnVflaccD-psal %
X3 22 3 R R v, X AT BE R 5 RRORH Y M 4
M Z R X . B, REXIREREGEND
TARIC H T3S PR Bl i) &R G A Bt ST R o —

AR .
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matk tmQ-UUG tmS-GCU tmG-UCC tmE-yuC psbC. tmG-GCC

Photinia glabra D519 psbA tmK-UUU BS16 pSbK tmRCUSIPA_aloF alpH atpl /ps2 __1poC2 1poC1 oB__(mC-GOA psbM {MY-GUA  psbD_tms- UGA""p“;aa v
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Aronia melanocarpa . : - —— m :
A. arbutifolia — m —

Cydonia oblonga 28 32
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- .
40 76 80 (kb)

mi32  ccsA

’tﬂlL»
1™

88 120 (kb)
ndhH rm5 rm4.5
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Figure 2 A comparison of the chloroplast genomes among 14 Rosaceae species
The vertical scale and horizontal axes in the figure represent the percentage of identity ranging from 50% to 100% and the
sequence length, respectively. Annotated genes are displayed on the top.

25 IRXKYLEFIH R TAANESMrps193E [H, iZ3E K 5114 FHJLAKL
FEA A 7 o 2 7 2545 F (Zhao et al., 2020). 7F Ak, eIz yef1 3 KB R H R E 1 7
R R B 14 cp R AL o 4 SIS REIEL ZERIE DU, BRI DAL T USB,
B, M RAN LT, 44 5I9LSC-IRbc s KT 073 bp (&25450)F11 091 bp (Ul A) 1245,
fb(JLB). IRb-SSCAZ Hkb(JSB). SSC-IRazz skt TEAEIR ATl 5 A XA ycf 126 7 . JSA
(JSA)AIIRA-LSCIE FAb(JLA). B MM B0 T yCfL B 24 ¥ DU, i K 9 LR K T A
b, BARARBIRGERY % 0, Xt S5cp 5633 bpFl5 654 bp A%, WA HFEGIS, HiE24
SR/ AR (Guo etal., 2017). Ffiltbie T HIHIRKEN G2 297 bp. 2 566 H AN
140 3 BHE Y cp 2 R AL 7 (KI3), KB T 34 ndhFHESHE TISB, K% M2 243 bpH|2 276 bp A
5L A (rps19. yefLAIndhF), ‘EA1— &4 FIRYS Lo MR ZRHEY O RS, ndhFEE AT
SSC (JSAUSB)FIIRELSC (JLAJLB)IZZ fiht. B SSCIX(Amiryousefi et al., 2018). B4, Hifrcpt
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Figure 3 Comparisons of the boundary distances for LSC, SSC, and IR regions among 14 species from the Rosaceae
LSC, SSC, and IR are the same as shown in Table 1.
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Figure 4 Phylogenetic analyses on 60 Rosaceae species using their complete chloroplast genomes
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Structural and Comparative Analysis of the Complete Chloroplast
Genome of the Aronia melanocarpa and Its Phylogenetic Inference
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Chinese Academy of Sciences, Nanjing Botanical Garden Mem. Sun Yat-Sen, Nanjing 210014, China
2Nanjing University of Chinese Medicine, Nanjing 210023, China

INTRODUCTION: Aronia melanocarpa also known as black chokeberry, belongs to the genus Aronia (Rosaceae). In
addition to A. melanocarpa, Aronia includes A. arbutifolia or red chokeberry and A. prunifolia or purple chokeberry, both
distributed naturally in North American, and an additional cultivated taxon, A. mitschurinii or Mitschurin’s chokeberry,
originating from Europe. However, the species boundaries and relationships among the species of Aronia are not clear.
Moreover, the taxonomic history of Aronia is complex, as species of this genus have formerly been placed in many dif-
ferent genera, such as Mespilus, Pyrus, Adenorachis, Sorbus, and Photinia. In the present study, we first sequenced and
characterized the complete chloroplast (cp) genome of A. melanocarpa and compared its sequence with those of the cp
genomes from 13 species of the family Rosaceae. The aims of this study were: (1) to increase our understanding of the
structural patterns of complete cp genome of A. melanocarpa; (2) to investigate the phylogenetic relationships of A. me-
lanocarpa with other Rosaceae species based on their cp genomes.

RATIONALE: The chloroplast is a unique and essential organelle in green plants with vital roles in photosynthesis and
carbon fixation. Comparative analyses of cp genomes between different plant species reveal intra- and inter-species
rearrangements that have occurred during evolution, such as inverted repeat (IR) contraction and expansion. Based on
these characteristics, the cp genome has been wildly used for species identification, phylogenetic analysis, and exploring
the genetic basis of environmental adaptation.

RESULTS: The complete A. melanocarpa cp genome was sequenced, analyzed, and compared with that from 13 other
species in the Rosaceae. The cp genome is 159 772 bp and has a total guanine-cytosine (GC) content of 36.6%. It exhibits a
typical quadripartite structure with four separate regions, including a large single copy (LSC) region of 87 810 bp and a small
single copy (SSC) region of 19 200 bp separated by two inverted repeats (IRa and IRb) regions of 26 381 bp each. A total of
132 genes were annotated, including 87 protein-coding genes, 37 tRNAs, and eight rRNAs, with 22 duplicates in the IR re-
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gions. In total, 76 simple sequence repeats (SSRs) and 50 long repeats were detected. Phylogenetic analysis indicated that
A. melanocarpa is most closely related to A. arbutifolia and forms a sister clade to Cydonia oblonga with weak support.

CONCLUSION: We analyzed the complete cp genome of A. melanocarpa by using lllumina high-throughput sequencing
technology. The sequence of A. melanocarpa cp genome could be further used for the development of molecular mar-
kers. Highly variable regions were detected in intergenic regions, such as trnK-rps16, rps16-trnQ, trnG-atpA, petN-psbM,
trnT-psbD, psbz-trnG, trnT-trnL, ndhC-trnV and accD-psal, which might be useful for broad applications in genetic re-
search studies as well as phylogenetic studies. Phylogenetic construction results strongly supported that A. melanocarpa
was closest related to A. arbutifolia, followed by C. oblonga with weak support. This newly available genomic data for A.
melanocarpa will provide a basis for future research on the population genetics and phylogenomics and will benefit the
breeding studies and utilization of the genus Aronia.
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Map of the chloroplast genome of Aronia melanocarpa and phylogenetic analyses among the 60 Rosaceae species
using their complete chloroplast genomes. Aronia formed a clade with Dichotomanthes and Pourthiaea based on cpDNA
tree. Moreover, A. melanocarpa is most closely related to A. arbutifolia and forms a sister clade to Cydonia oblonga with weak
support.
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Appendix table 1 Analysis of repeat sequence in the Aronia melanocarpa chloroplast genome
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Appendix table 2 Simple sequence repeats (SSRs) in the Aronia melanocarpa chloroplast genome
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Appendix table 1 Analysis of repeat sequence in the Aronia melanocarpa chloroplast genome

No. Size Repeat Type Size Repeat Mismatch E.value Region Gene
(bp) start 1 (bp) start 2 (bp)
1 40 102516 F 40 125215 0 5.94E-15 IRb,
SSC
2 39 5167 F 39 5203 0 2.38E-14 LSC
3 42 149342 F 41 149363 1 1.86E-13 IRa
4 41 98178 F 42 98198 1 1.86E-13 IRb
5 41 98178 F 40 98200 1 7.25E-13 IRb
6 35 49416 F 35 49450 0 6.08E-12 LSC
7 35 98184 F 35 98205 0 6.08E-12 IRb
8 39 46497 F 39 102518 1 1.10E-11 | LSC, IRb ycf3
9 38 46497 F 38 125217 1 4.30E-11 LSC. yets
SSC ndhA
10 40 5166 F 38 5204 2 5.34E-10 LSC
11 40 98179 F 43 98197 3 1.01E-09 IRb
12 31 39186 F 31 39216 0 1.56E-09 LsC
13 37 5169 F 39 5203 2 2.03E-09 LsC
14 37 78 F 37 97 2 2.92E-08 LSC
15 34 95174 F 34 95192 2 1.57E-06 IRb ycf2
16 34 152356 F 34 152374 2 1.57E-06 IRa ycf2
17 26 10042 F 26 10065 0 1.59E-06 LSC
18 37 68 F 34 90 3 2.60E-06 LSC
19 33 111466 F 33 111497 2 5.92E-06 IRb
20 33 136052 F 33 136083 2 5.92E-06 IRa
21 32 5143 R 32 5143 2 2.22E-05 LSC
22 32 70644 R 32 70644 2 2.22E-05 LSC
23 24 5128 F 24 5151 0 2.55E-05 LSC
24 24 113729 F 24 133829 0 2.55E-05 | IRb, IRa ycfl
25 28 152362 F 28 152380 1 3.32E-05 IRa ycf2
26 31 10829 R 31 10829 2 8.34E-05 LsC
27 31 39152 R 31 39152 2 8.34E-05 LsC
28 23 5295 F 23 5317 0 1.02E-04 LSC
29 23 10589 F 23 10609 0 1.02E-04 LSC
30 23 50061 F 23 50084 0 1.02E-04 LSC
31 23 62466 F 23 62489 0 1.02E-04 LSC
32 23 85976 F 23 85998 0 1.02E-04 LSC rpll6
33 23 136062 F 23 136093 0 1.02E-04 IRa
34 34 117286 R 34 117291 3 1.28E-04 SSC
35 33 117287 R 34 117291 3 1.28E-04 SSC
36 28 10584 F 30 10602 2 3.12E-04 LSC
37 22 33842 R 22 33842 0 4.08E-04 LSC




38 22 34307 R 22 34307 0 4.08E-04 LSC
39 22 116434 R 22 116434 0 4.08E-04 SSC
40 32 66680 R 33 83041 3 4.67E-04 LSC
41 26 1740 F 26 1753 1 4.94E-04 LSC
42 29 8498 F 28 38207 2 1.17E-03 LSC
43 29 10411 R 29 34293 2 1.17E-03 LSC
44 29 92752 F 29 92773 2 1.17E-03 IRb ycf2
45 29 154780 F 29 154801 2 1.17E-03 IRa ycf2
46 21 15521 R 21 15521 0 1.63E-03 LSC
47 21 38482 C 21 66687 0 1.63E-03 LSC
48 21 70659 R 21 70659 0 1.63E-03 LSC
49 21 118156 R 21 118156 0 1.63E-03 SSC
50 32 339 F 31 75817 3 1.70E-03 LSC
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Appendix table 2 Simple sequence repeats (SSRs) in the Aronia melanocarpa chloroplast genome
No. SSR type SSR Size Start End Region Gene
1 c (T)13(A)12 28 316 343 LSsC
2 pl (T)11 11 2897 2907 LsC matK
3 pl (A)11 11 4901 4911 LsC
4 pl (©)11 11 5660 5670 LsC rpsl6
5 c (C)13(A)11 24 5818 5841 LsC rpsl6
6 pl (M12 12 6721 6732 LSC
7 pl (A)13 13 7160 7172 LSC
8 pl (A)15 15 8045 8059 LsC
9 pl (T)10 10 8659 8668 LsC
10 pl (M11 11 9482 9492 LsC
11 pl (M11 11 9840 9850 LsC trnG-GCC
12 p2 (TA)7 14 10542 10555 LSC
13 pl (T)14 14 13231 13244 LSC atpF
14 pl (T)10 10 13973 13982 LSC
15 pl (A)12 12 14558 14569 LSC
16 pl (©)10 10 15051 15060 LSC
17 pl (A)15 15 15265 15279 LSC
18 pl (T)19 19 15523 15541 LSsC
19 pl (T)15 15 17372 17386 LsC
20 pl (M11 11 19620 19630 LSsC rpoC2
21 pl (Ty10 10 27317 27326 LsC rpoB
22 pl (Ty10 10 27962 27971 LSC
23 pl (A)14 14 28398 28411 LsC
24 pl ()11 11 29708 29718 LSC
25 pl (A)10 10 32117 32126 LSC
26 c (A)16(T)12 58 38488 38545 LSsC




27 pl (A)11 11 39117 39127 LsC
28 pl (A)15 15 45106 45120 LsC
29 pl (A)13 13 47461 47473 LsC
30 pl (A)14 14 50209 50222 LsC
31 pl (G)11 11 50506 50516 LsC
32 c (T)10(A)12 54 52183 52236 LsC
33 pl (M12 12 53650 53661 LsC
34 c (TA)B(T)10 81 54446 54526 LsC
35 pl (M11 11 55578 55588 LsC
36 pl (T)10 10 57597 57606 LsC atpB
37 pl (T)16 16 60312 60327 LsC
38 pl (T)18 18 66693 66710 LsC
39 pl (G)10 10 68032 68041 LsC
40 pl (T)13 13 68458 68470 LsC
a1 pl (A)11 11 68776 68786 LsC
42 pl (A)15 15 70695 70709 LsC
43 p2 (AT)6 12 71306 71317 LSC
44 pl (T)10 10 71834 71843 LSC
45 pl (M7 17 72552 72568 LSC
46 pl (T)15 15 73982 73996 LSC clpP
47 pl (M7 17 74717 74733 LSC clpP
48 pl (A)12 12 81458 81469 LSC
49 pl (T)15 15 83047 83061 LsC
50 c (M11(T)10 107 84673 84779 LsC
51 pl (A)10 10 85530 85539 LsC rpl16
52 pl (M12 12 86029 86040 LsC
53 pl (M12 12 86285 86296 LsC
54 pl (M10 10 87086 87095 LsC
55 pl (M11 11 87950 87960 IRb
56 pl (T)10 10 103851 103860 IRb
57 pl (A)20 20 116436 116455 ssc
58 c (T)18(T)12(C)10(T)11 127 117285 117411 ssc
59 pl (A)10 10 117864 117873 ssc
60 p2 (AT)6 12 118407 118418 ssc
61 pl (T)10 10 123739 123748 ssc
62 pl (T)15 15 125650 125664 ssc ndhA
63 pl (A)10 10 126205 126214 ssc ndhA
64 pl (T)10 10 131555 131564 ssc ycfl
65 pl (A)16 16 132186 132201 ssc ycfl
66 pl (A)10 10 143723 143732 IRa
67 pl (A)11 11 159623 159633 IRa




