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Chloroplast Genome Analyses of Spiraea x vanhouttei ‘Pink Ice’ and ‘Gold
Fountain’

ZHANG Qiaoling', CHEN Lin!, ZHANG Shuyan?, YAN Haifei*"

(1. Hangzhou Xixi National Wetland Park Ecology & Culture Research Center, Hangzhou 310013, China; 2. College of Life Sciences, South China Agricultural

University, Guangzhou 510642 China; 3. South China Botanical Garden, Chinese Academy of Sciences, Guangzhou 510650, China)

Abstract: Several foliage horticultural varieties have been bred based on Spiraeca * vanhouttei, including ‘Pink
Ice’ and ‘Gold Fountain’, which exhibit excellent horticultural traits. However, the underlying mechanism of these
two colorful leaf varieties remain poorly understood. To address this knowledge gap, the complete chloroplast
genomes of ‘Pink Ice’ and ‘Gold Fountain’ were assembled by using genome skimming sequencing. Comparative
genomic analysis of all available chloroplast genomes of the genus Spiraea to date was studied, including
variation hotspot analysis, simple repetitive sequence analysis, and phylogenetic analysis. The results showed that
both varieties had a typical quadripartite structure, consisting of one LSC, one SSC, and two IRs. The chloroplast
genomes of ‘Pink Ice’ and ‘Gold Fountain’ were 155 953 and 155 941 bp in size, respectively, and each contains
130 genes, including 85 protein-coding genes, 37 transfer RNA genes and 8 ribosomal RNA genes. The two

chloroplast genomes also contained 67 and 69 simple repetitive sequences, respectively, with single nucleotide
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repeat sequences being the most abundant. There were seven highly variable regions within these two chloroplast
genomes, including trnH_GUG-psbA, trnK_UUU, trnR_UCU-atpA, trnT_GCU-psbD, ndhC, rpl32, and ycfl.

Finally, phylogenetic analysis revealed that ‘Pink Ice’ and ‘Gold Fountain’ could not be considered a

monophyletic group, despite their close relationship. Overall, these would provide valuable insights into the

chloroplast genomes of two foliage varieties of Spiraea, which would aid in the development of more horticultural

resources for this genus in the future.

Key words: Spiraea; Horticultural variety; Chloroplast genome; Phylogenetic analysis
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By LG5 2 5 Bk psad FERI A, 12 )& H S 5 ]
AR R B AR S

WA 84 395, 18 860 126 343 bp. “MifE’> 5ZEM45
LA SRR A1 GC & & 3N 36.8%, T4
WTIRN 36.7%, WIS 25 JR A 4k A R DR 4H 1
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Table 1 Chloroplast genome feature of genus Spiraea

JSEIS KENX  HHKX /N LIX . " S
o B R 5 44 R 35 [
e Y Total Large Inverted Small L EED ”ﬁ.ﬁ%i‘ rRNA ZE[H  (RNA £:[H
. . . o Total gene Protein-
No. Species length  single-copy  repeat single-copy /% number coding gene rRNA gene tRNA gene
(bp) region (bp) region (bp) region (bp) e
1 GEIRGELE S. blumei 155957 84 384 26343 18 887 36.8 130 85 8 37
SR S. trilobata 155981 84 417 26343 18 878 36.8 130 85 8 37
3 PR IES RS 153 822 82226 26 344 18 908 36.6 129 84 8 37
S. japonica var. acuminata
4 S insularis 158 637 86 997 26365 18910 36.9 130 85 8 37
5 FHGLE S. mongolica 155949 84 375 26 340 18 894 36.7 130 85 8 37
6  EBFFLE S. martini 156 226 84 378 26492 18 864 36.8 130 85 8 37
7T BERGLE S. thunbergii 155922 84 360 26342 18 879 36.8 130 85 8 37
8 EMELH S. x vanhouttei 155 957 84 384 26 340 18 893 36.8 130 85 8 37
9 M7 ‘Pink Ice’ 155 953 84 384 26 343 18 883 36.8 130 85 8 37
10 ¥4 Wi ‘Gold Fountain® 155 941 84 395 26343 18 860 36.7 130 85 8 37

2.2 SR 2 ER] 2 F) 25 BT 2 Rt

BRI, i 5 W e mR 4k
HERHAEEH 130 MEFE, AR 85 NMEAMmIY
F[H, 37 AN#5i2 RNA F:[F(tRNA gene)fll 8 MZHE

& RNA JE K (rRNA gene). IXEEFELR AR 43 Bl &
ERAHSGEEA . B B RIAAH KL R AN FAth R ] 3 28
(K 2). Wi 5 HEEWURL AR R A X 3 5
FER RS E S 58 4 — 8. LA 1ERAH ORI A

2R 2 MR AN B SR I SR A A DR R R A P LR

Table 2 Annotated genes and their classification in the chloroplast genomes of ‘Pink Ice’ and ‘Gold Fountain’

5 Category LK IfiE Gene function FEF Gene

JAEERMR BRI R L K ZHE Large subunit of Rubisco  rbeL

Photosynthesis 3. z 2% | Subunit of photosystem I psad, psaB, psaC, psal, psaJ
J6 &4t 11 Subunit of photosystem IT psbA, psbB, psbC, psbD, psbE, psbF, psbH, psbl, psbJ, psbK, psbL, psbM, psbN,

psbT, psbZ

ATP 4 Subunit of ATP synthase atpA, atpB, atpE, atpF", atpH, atpl
4N 3R b/f £ 44 Subunit of Cytochrome petA, petB", petD”, petG, petL, petN
NADPH it & Subunit of NADH ndhA", ndhB*(2), ndhC, ndhD, ndhE, ndhF, ndhG. ndhH, ndhl, ndhJ, ndhK
AP 2 ¢ C-type cytochrome synthesis cesA

HEEHIMX  RNA E4AEF RNA polymerase 1pod, rpoB, rpoCI”, rpoC2

Self-replication

HoAth
Other

bR E [ Large subunit of ribosome

1Z#E & RNAs Ribosomal RNA
3% RNAs Transefer RNA

ATP i ATP dependent protease
ZHE Maturase

LTS A FRALERIL A
Subunit of Acetyl-CoACarboxyase

PP (1% Envelop membrane protein
FR5F I FFILE HE Conserved open reading frames

rpl2*(2), rpll4, rpll6, rpl20, rpl22, rpl23(2), rpl32, rpl33, rpl36, rps2, rps3,
rpsd, rps7(2), rps8, rpsll, rps12*(2), rps14, rpsl5, rps16”, rps18, rps19
rrn4.5(2), rrn5(2), rrnl6(2), rrn23(2)

trnd-UGC'(2), trnC-GCA, trnD-GUC, trnE-UUC, trnF-GAA, trnfM-CAU,
trnG-GCC, trnG-UCC", trnH-GUG, trnl-CAU (2), trnl-GAU"(2), trnK-UUU",
trnL-CAA(2), trnL-UAA", trnL-UAG trnM-CAU, traN-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), trnV-UAC", trnW-CCA, trnY-GUA
clpP™

matK

accD

cemA

yef1(2), yef2(2), yef3"™, yeft

) EH2AERYIG * FHIDMNET: * FH2MNET

(2): Two repeat units; *: With one intron; **: With two introns.



514 HAH W AR 27

%31 %

2
ﬁe,eé(

,
D,
By

MW Photosystem I
| Photosystem II
| Cytochrome b/f complex
I ATP synthase

[INADH dehydrogenase
M RubisCO large subunit
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| Other genes
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Fig. 1 Chloroplast genomes of ‘Pink Ice” and ‘Gold Fountain’
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Spiraea x vanhouttei
‘Pink Ice’ & ‘Gold Fountain’
chloroplast genomes
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matK
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FLEHTEED 49 NEFFY], H 2 NEAME
B 21 MREICEE, I9NERMERE, 70N RAEE
(3 3)»

BIRR B G IR R SR I 2R 2 1 SR A R TR
HoraEA 67 69 il 65 NMEHRETFHIEE 4). H
i, BRTIRES RS, 4 WEESTFIIRZ,
2 WA EG AN 6 . BFR R EEF A 1
A S TAEEL T, MR 2 FEENFRAEGIAT
TEXRELE . AWTH 3 FIsE LA 3
BB TR 6 DI EE A, JLI S A DR 4 17 ] B
SRR A S I T S5 264 JR I 1 L
2.4 MERARFER AR R

DAL= 5(S. trilobata) M G4k 4 FE R 40
NS 75, B H mVISTA £ £ 843 T Shuffle-
LAGAN A5 BUAGI45 22 56 Ja8 S A4 Jik DRI 2L 1) 7 91 S
JRPE(E] 2). S5RKH, G255 @ AR B R BN
57, Frol2 IR XA R iR T AR EUK. BR2
RAEAE K /NPEDLIX (LSC A1 SSC [X), il A& 3 K] 7]
k& X (Intergenic spacers: IGSs)/ZERE 5 FH L,

3 G4 B RS R A EE P8

Table 3 Repetitive sequence in chloroplast genomes of Spiraea

#1 ] DnaSP6 # PR 3h & 1 771003 K i Al
FEEWR AR AR XIR(E 3), 45RATAE T AR
RXI, 29N mH_GUG-psbA~ trnK_UUU. trnR_
UCU-atpA~ trnT_GCU-psbD~ ndhC- rpl32 Fl ycfl .
2.5 RGRKESHT

Xt 10 AN -S4 5 PR 4L B8R (15 22 4 R st
T REREAN(E 4). EREW, B 1A S5,
HAR 3 IR B I R (>95%): 3254k

WA B SWUR BAARRIEZ KR, HIF

BT EM LA EFIRG L (S. blumei) I
JRARIRTE, %5y ST TR SR Rk R R, B
HAFERIERARGT%), HIERFFRMR.

3 AR

T, BRSEE K ORI T S 45 Jm 4
PR AT T RERGE PR E, TS L% (S
Japonica)¥s G H &I 4528 % (‘Gold Flame’)~ ‘4 111°
5282 (‘Gold Mound’) “JBEii° 45 2 % (‘ WalbumaPBR)

PFh Species H4M Complement [A] 3¢ Palindromic IE Forward JH] Reverse
B GFL3 S. martini 1 21 21 6
FIRG LK S. blumei 2 21 19 7
=G S. rilobata 2 21 18 8
RIS % S. japonica var. acuminata 0 21 15 14
S. insularis 1 17 27 4
F L% S. mongolica 0 21 18 10
BIRGLA S. thunbergii 0 21 18 10
SEM L3 S. x vanhouttei 2 21 19 7
Wy Pink Ice’ 2 19 19 9
“FEWERL “Gold Fountain’ 1 20 19 9
F 4 GLLAG R SRS R LI R B 41 SSR 282
Table 4 SSR type in chloroplast genomes of Spiraea
Yo RS 2PREEES 3BEEES 4 BlFEE 5 AL TE S 6 AL TS it
Species Mononucleotide  Dinucleotide  Trinucleotide  Tetranucleotide  Pentanucleotide =~ Hexanucleotide Total
BRFELH S. martini 55 7 1 10 0 0 73
FERF L S. blumei 49 6 0 10 0 0 65
ZRGLUE S. wrilobata 51 6 0 10 0 0 67
SIS [ T R 4
ﬁfﬁ:;ljfj:j:fi%jminam 31 8 0 ? ! 0 69
S. insularis 55 7 1 9 1 1 74
F G5 S. mongolica 50 6 0 9 0 0 65
BERGELLA S. thunbergii 51 5 0 8 0 0 64
I ELA S. x vanhouttei 49 6 0 10 0 0 65
K} 78> ‘Pink Ice’ 50 6 0 10 1 0 67
L MWIR *Gold Fountain® 52 6 0 11 0 0 69
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Fig. 2 Alignment of chloroplast genomes of Spiraea
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Fig. 3 Sliding window analysis of nucleotide diversity (Pi) in chloroplast genomes of ‘Pink Ice’ and ‘Gold Fountain’
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Fig. 4 ML tree of Spiraea based on coding genes of chloroplast genomes. Bootstrap values on each branch
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