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Molecular phylogeny of Armeniaca based on nuclear and
chloroplast gene sequences:. Exploring the origin and
genetic relationship of Armeniaca hongpingensis

Liu Zhi-E, Wang Chun-Hui, Liu Wei-Qi, Wang Xiao-Fan”®

( College of Life Sciences, Wuhan University, Wuhan 430072, China)

Abstract. Armeniaca hongpingensis C. L. Li is a narrowly distributed species, which has been
hypothesized to be a natural hybrid of A. vulgaris Lam. and A. mume Sieb. based on
morphological similarity. However, related molecular phylogenetic research is still lacking. In
this study, the phylogenetic relationship between A. hongpingensis and other Armeniaca
species was investigated using individuals and seedlings of A. hongpingensis and individuals
of five other Armeniaca species (e.g., A. wlgaris, A. mume, A. mume Sieb. var. bungo
Makino). Two nuclear genes (/TS and SBE/) and two chloroplast genes ( matK and ycf1b)
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were sequenced to reconstruct molecular phylogenetic trees. matK, ycfib, and SBE/ were
also used to reconstruct a haplotype network. Phylogenetic analyses of both nuclear and
chloroplast genes showed that the individuals and seedlings of A. hongpingensis grouped
together with high bootstrap values (99/79, 71/81), independent of other Armeniaca species.
The Bayesian phylogram based on /TS sequences showed that most individual and seedling
clones of A. hongpingensis were grouped into two single clades with high bootstrap values
(0.82, 0.97) ; the other clones clustered with A. vulgaris and A. mume var. bungo individuals ;
and no clones clustered with A. mume individuals. On SBEI and ycf1b loci, haplotypes of A.
vulgaris, A. mume, and A. holosericea were not detected in A. hongpingensis; whereas on
the matK locus, only haplotypes of A. vulgaris were detected in a few (2/9) seedlings of A.
hongpingensis. These results suggest that A. hongpingensis is likely an independent species
rather than a natural hybrid of A. vulgaris and A. mume, with a closer genetic relationship as
well as detectable gene flow with A. vulgaris.
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Flora of China, 34 11 #, hEAHH 10 FfF,
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75 (A. holosericea (Batal.) Kost.) . HL37 (A.
hongpingensis C. L. Li). ¥ B ( A. hypotri-
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vulgaris Lam.) LIS BUFIAS (A. zhengheensis J. Y.
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MR A Y EERIEM M (A, mume Sieb. var.
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1 HESHE

SEIG A A
SR AETOT A 1 AR S SR, AR A
M, A RIS R (1) o PP RS 2 Ak
B (AH, AHO) K 9 BRSBTS (AHT~AHO), H
HAH HE S E MR, AHO 5 AH AHEEZY 100 m,
SEAH AL T U AH BT R AR BE B IE R
10 Akl FHEERE T, BT -20°C WKAH RA7
. A BERFEA . ARAEA Ay, SNEA L

1.1

Bk ( Amygdalus davidiana ( Carrigre) de Vos ex
Henry) . #k( Amygdalus persica L.) UL B3l 534 .
AEARATAE SCIE P F 5 A NCBI sl T4 (£ 2),
WFERAY . BORIAY | A B A R A S B o A
i, HSICESTTER X, AFRBRARIE
TTRIREAS T SIUAE RSB AR
1.2 DNA HREX, PCR # i&fnil

DNA 48 R HIE 4 5 [ 20 DNA 42 B 5
& (TIANGEN, Jtnt), ¥ 8L S TS

SBEI'™* S0 gk FE [ K matK i yef1bt'e )

x1 HEWHREER
Table 1 Information of collected species of Armeniaca
Yy Fl ' FHEAL SRAE b, G R (m)
Species Code Sample size Location Longitude and Latitude Height
S AH 1 WAL P AR P 110°26" N, 31°40' E 1820
., 4 f,fc. 4 , AHO 1 WAL Pl R LT PP AR 110°26" N, 31°40' E 1830
fmeniaca NongpINgensis —— apq . AHg* AH9 U B[ Vi AR 110°26' N, 31°40' E 1820
AM1 ~ AM3 3 WAL P A HRA A 5 110°22’ N, 31°26' E 1350
g A. mume - 1 WA BRI AL 114°21' N, 30°32' E 50
- 1 BV b X 108°04' N, 34°15' E 410
A5 H§ A. mume var. bungo AM-B 6 WAL B DR A 114°23' N, 30°32' E 10
WA A. sibirica - 1 WPaE B A X 111°10’ N, 37°28' E 1010
) AVA 1 WL A R LT P 110°25’ N, 31°40' E 1620
5 A. wulgaris g
AV2 1 BEVEA M X 108°03’ N, 34°15' E 420

TE: = AH ISEAE
Note.: * represents seedlings of A. hongpingensis (AH).

% 2 3KE GenBank B EBYMMILKBENFIER
Table 2 Accession number of sequences of Armeniaca and outgroups downloaded from GenBank

Yyl FER B A FE %5 DNA region and GenBank accession number
Species ITS SBEI matK yefib

. . ) JF978092 KF154945 KP089843 KP089822
W75 Armeniaca holosericea

JF978093 - KP089844 KP089823

AL A. mandshurica JF978108 KF154951 KF154799 KF154913

JF978117 KF154953 KP089845 KP089824

i A JF978118 - KP089846 KP089825

- mume JF978119 - KP089847 KP089826

- - KP089848 KP089827

17 A. sibirica JF978137 - KP089849 KP089828

- KF154938 KP089835 KP089814

- - KP089836 KP089815

- - KP089837 KP089816

4 A Jaari - - KP089838 KP089817

Fr A wigarns - - KP089839 KP089818

- - KP089840 KP089819

- - KP089841 KP089820

- - KP089842 KP089821

1k Amygdalus davidiana ( AD) JF978076 KF154941 KP089224 KP088341

#k Amygdalus persica ( AP) JF978121 KF154954 KP089231 KP088340
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ITS AP R . 94°CTTHZEYE 5 ming 94°CA2
P 1 min, 55°CiE &k 1 min, 72°C#Ef# 1.5 min, 3k
PEA 30 K, feJm 72°CHEff 7 min, e 5E K4
PP S 0L Shi % k. 3= U=
AT | Mg A A ER A A% AR e P
NE e S A R RSN
1.3 HEHH

K ContigExpress 3k {4 #4171 91 9 #:, %
HI Clustal X "®/ 8- HEF, WA TR, KA
MrBayes ver. 3.2.1 & g bl i w10 ol
Hr4MHreh, fdH ModelTest 3.7 4211200 )
K GTR + G + | 8, ZHERIKAS R, &AL
SR A rates = ingvamma, DL FEHLRY
REIGH, FLiEFT 640 000 1L, M-SR K B &
¥k, % E rates =gamma, izf7 500 000 . %I
PP A MR M T A (TS T 5 A
rates = invgamma, iz 7 10 000 000 ft., 4
SDSF ( Standard deviation of the split frequen-
cies) <0.01, HEREMFEARS, HHFREA
REHE A

K 1Qtree B F HEAT e K ARLBR 1 A BT

Armeniaca hongpil

Armeniaca hongpingensis (8)
Armeniaca hongpingensis (0)
Armeniaca hongpingensis (2)
Armeniaca hongpingensis (6)

51 Armeniaca hongpingensis (7)

70

Armeniaca mume var. bungo (1)

Armeniaca mandshurica

Armeniaca holosericea

100 Armeniaca sibirica

100

Armeniaca vulgaris
73 Armeniaca mume (1)

99 Armeniaca mume (2)

99 |86 X
Armeniaca mume (3)
81
Armeniaca mume var. bungo (2)

100 [~ Amygdalus persica
L Amygdalus davidiana

A 0.2 B

Armeniaca hongpingensis (5)

Armeniaca hongpingensis (9)

Model Finder"® &4 FH - B 454~ 5 [N 51 i 1k
A IE AL (TABLE ) , 2 AN SRR T 2 4%
FER AR, SR @R i, A3
FIEREEIN TS (TIM +F + 1) . SBEI (TN +F +
). matK (HKY +F + 1), ycfib (F81 +F), H
ZEE S HTR 1000 IREHE

Xt AR £ R (matK and yef1b) F# 3 A
SBEI 1) )7 41 A7 H A5 B 43 A, {di ] DnaSP 5.10
AT BALE PR 432 R FH Network 4.6.1.1 i)
median-joining J7 12 F4) H B R o] 45 [ 124

2 FEREHH

2.1 EESEERXEMHNRZELEXR
WFEEs SR A B, DALk A Zh 5 HE, Xt
Ok 24, ST 9 ) DLBGRAY . ALy
(34) . HF (24, Iify, Ak 6 Fh 1 ZAER (20
A, IR R A SRR 5 DL 37— SO b )
BB, A BN PR, TE DAL
W SE A SR AL A £ 1) R G o, B
AR ST AR MR R — R, B
ISR, 3 lJe 99/79 f171/81(1K 1. A, B),

Armeniaca hongpingensis (1) 85 Armeniaca hongpingensis
70 {77 Armeniaca hongpingensis (9
Armeniaca hongpingensis (4) rmeniaca hongpingensis (9)
Armeniaca hongpingensis (0)

Armeniaca hongpingensis (3)

I~ Armeniaca hongpingensis (1)
|— Armeniaca hongpingensis (2)
I— Armeniaca hongpingensis (3)
;—11— Armeniaca hongpingensis (4)
I— Armeniaca hongpingensis (5)
I— Armeniaca hongpingensis (6)

I— Armeniaca hongpingensis (7)

L— Armeniaca hongpingensis (8)
[~ Armeniaca mandshurica
[—— Armeniaca mume var. bungo (2)

I— Armeniaca mume var. bungo (1)

L~ Armeniaca vulgaris

100

Armeniaca holoscricea

100 Armeniaca mume (2)
97 |97 Armeniaca mume (1)
75 Armeniaca mume (3)

Armeniaca sibirica

Amygdalus persica
Amygdalus davidiana

0.002

A ETHILH SBEI T ITS WM RGN ; B. STH4AR B matK l yof 1b BRI N RGN, 43 BB AR DL i
JEBMER (AR =50 ME) , 4332 T IECTFARER BRI Hr i AR AE ((UhRiE =70 1E) .
A: Phylogeny based on nuDNA data of SBE/ and /TS sequences; B: Phylogeny based on cpDNA data of matK and ycf1b
sequences. Numbers above branches represent posterior probability values of Bayesian analysis greater than 50%. Numbers
below branches are bootstrap values greater than 70% from maximum-likelihood analysis.

B1 ETZER(A)IMHEEER(B)MENRELTN

Fig. 1 Phylogenetic trees for Armeniaca species based on nuDNA or cpDNA data, respectively
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WA X R, ETAMN 2 MK, Ef7EH
SR ARSI R G 54 | ARALE R EEA
P RTAT S, MIAERZSE R R Gemt bl Hoh 1 A4
SRz —3,

N N R R O (o v | RS o
M, A, ARIFTA TS FEHIA & T 0l i3 — 2
W (& 2), ITSIF3HES G & H 633 bp, AE S
M5 (Variable sites) 3£ 105 4>, HHP ARG LB HE A
37 5 (Information sites )66 1~, ZRGERH4r T 4h i

7, JUWF TR U B (AH FT AHO) B S A: i
(AH1~AH9) M ER N 2 KK (Clade A Fi
Clade B), HARHIR MM LHF% (0.82 F10.97)
XA AH Y 2 S TEkE (AH-C4 F1 AH-C5) 55
H—X (Clade C, X% 0.57) F N HHRE—
o, AHO i) 2 N FafE (AHO-C2 Fl AHO-C5) 3t
AR AH2 1 —AS s (AH2-C3) R —FH 5
NE5HRAE—# (Clade D), HIZRGEMEA L
A SRR TS BT SR —i
2.2 ETFMHZREER matkK, ycftb R#ZEH
SBEI B {EEI 4

EN TR Y G O S (| O
M2 IR B N matK | yef1b Fl#% 3 K SBEI v K
sy s fE R Syl MUY S(FR 3~
5, B3),

0.85 & i
A A. vulgaris
51 AL | A mume var. bungo
AM-B2- C3 ° °
AH-C6
AH-C7
0.82 0.88| AH0-81
AHO0-C6
A S i
0.78 AH-C8
AH7-C1
AH-C1
L AR
ey |A. hongpingensis
AHo-C7 ’ gpmgensi.
AH8-C1
AH9-C1
AHO0-C3
Clade B AEE]
AH5-C1
0.84|— ﬁ t"
1 1 At
AH
AH
' AT
0.99, AM1-G2
0.78, N
0.98 2 .g;
Anr-cs A. mume
AM1-C4 .
AM1-C8
0.57 =28 Ansca
08 083 Amzcs ' A. mume var. bungo
ame-ce A. mume
== auszcs | 4. mume var. bungo
= -
o s gd A. mume
— AMBEES | 4. mume var. bungo
074y AV2-C9
e
28 AVE&s
avees | A. vulgaris
258 AVEed
= AV3-C6
0.55
0.97[ AM-B2-c4
0.84
AM-B1-C1
> ujﬁﬂl_ 2 ﬁi,géz A. mume var. bungo
Clade D) i a - ]
ade I chice AHo-cs A. hongpingensis
1 — AV1-C2 .
088y avecs | A vulgaris
1 4 I Outgroup

0.2

3 BB AFOR R RAER, ERKT 0.5 BYE, BrA MARRB TR C R, < C R T A B AR SRR,

Only PP values > 0.5 are shown above branches. For every individual of each species, ‘C’ means clone and numbers, following

‘C’ are clone numbers.

B2 EF ITSERERFINHAERRITE R5R
Fig. 2 Phylogram constructed from /TS sequences based on Bayesian inference analysis
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matK & 73 LR 1 B R 682 bp, B 5
Pifs 18 A, PR FEH b, 7 AU 4 EL ol 37
B A AN AR S A S 1 SRR, i
A R ARRL AL AR EAT ST BT U
AR EA ST R (M6, M7), BIR5 A
st eE s H 2RO AR A S ik AHO SLE g
AL (M7), AT AR EA 7 A5 AL (M9)
BA 2 AR MRS AL A A pga (M)
(#£3, E3. A),

yef1b FEH 1) 781 He it e K B 817 bp, 4t
17 ARSI, TEFER L, A RE 6 4
[ 72 B R e, 54 6 MR R S A L R A

R GEAY B S AR R, S5 R A AL
1AL 22 5, TS BUR B 52 A B B R AR AR
N 5 R BRI A RS, TEA A Ay
AR A AR S IR bk IR 1 A
FAERL (Y5), A 1 ASSEAE MR 1 A RAE
R(Y6), HEFEMHALER (Y5) (A 1/ ek
2E5E BV B SRR RS 25 i) SRS AL 1 A
BIEE S, WS 7 SRS, L
SR KRBMEIL (K4, E3: B).

SBEI F:H M FA 4 X fa K 674 bp, 3t
R BN A A7 8 11 A, A SR 3 AN Y [ e
i, AR A A 5 A A

# 3 HTEBRBXEME matK FIERMS
Table 3 Variable sites based on matK sequences of A. hongpingensis and related species
Wb Al AN Variable sites (bp)
Species Type 4 5 8 11 15 16 35 38 39 78 216 248 251 276
WA A. holosericea (2) M1(2) T C T A A T A A T T - G G C
WA A hongpingensis AH M6( 1) T C T A A C A A T T - A A C
A. hongpingensis AHO M7(1) T C T A A T A A T T - A G C
M1(2) T c T A A T A A T T - G C
A. hongpingensis AH1 ~AH9 M7(6) T C T A A T A A T T - A G C
M9(1) T A T C C C G T C C C G C
M3(4) T C T A A T A A T T - G G A
1 A. mume (8) M4(3) T C A A A T A A T T - A A A
M5(1) T C T A A T A A T T - A G A
M1(2) T C T A A T A A T T - G G C
A4 A. mume var. bungo (4) M2(1) T C T A A T A A T T - A A C
M8(1) G C T A A T A A T T - A A C
# A vulgaris (10) M1(9) T C T A A T A A T T - G G C
. vulgaris
" g M2(1) T C T A A T A A T T - A A C
T FES B IREANEREE . TR,
Note: Figure in brackets means number of individuals. Same below.
F 4 HEBXREXHME yefib FHERMS
Table 4 Variable sites based on ycf1b sequences of A. hongpingensis and related species
Fif ey AES Variable sites (bp)
Species Type 15 80 205 489 574 598 752 767 792
JAY A. holosericea (2) Y4(2) C A C C G T C T -
BT A, hongpingensis AH Y5(1) C A A C T T C T -
A. hongpingensis AHO Y5(1) C A A C T T C T -
A. hongpingensis AH1 ~AH9 Y5(8) c A A c T T c T A
. /! . ~
gping Y6(1) c A A c T T c T c
Hi A, mume (9) Y2(7) A T C A G T A C -
- Y3(2) A T c A G A A c -
HE A. mume var. bungo (6) Y1(6) C A C ] T T C T -
7 A. vulgaris (11) Y1(10) C A C C T T C T -
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®5 HEBREXME SBEIFFIERM R
Table 5 Variable sites based on SBE/ sequences of A. hongpingensis and related species
Fh B AR Variable sites (bp)
Species Type 27 34 57 99 150 156 201 291 417 459 617 618
WA A. holosericea (1) S1(1) C - C C T C A C C C G A
BT A. hongpingensis AH S5(1) C - C T T A C T G G A
A. hongpingensis AHO S6(1) C - C T T T G C T G G A
S5(4) C - C T T C A C T G G A
) . S6(2) C - C T T T G C T G G A
A. hongpingensis AH1 ~AH9 S11(2) c _ c T T c G c T a a A
S12(1) C - C T T T A C T G G A
1 A mume (5) S3(1) A - C C T C A C T C T T
. u
S4(4) C - T C T C A C T C T T
S7(1) C A C C C C A C T C G T
e S8(1) C - C C T C A C T C G T
5 #F A. mume var. bungo (5) 59(2) c _ c c c c A c T c G A
S10(1) C - C C C C A C T C T A
& A vulgaris (4) S1(2) C - C C T C A C C C G A
A g S2(1) C - C C T C A T C C G A
Y3
o
Y1
vs ‘
o -
‘ Y2
Y5 '
Y6 B
S2
S12 S6
S10 SI o—O
® 7 A. wulgaris
S9 2 ® iff A mume
G———O O J&AY A. holosericea
S5 S11 ® 15§ A. mume var. bungo
® 7 (AH) A. hongpingensis
S8 O PPy AHO
© S4EH (AH) AH1 ~AH9
C

Bk MR ROR RSP IR, ARARECFIRRIASL RN 1, W RN B BT 6 S BB I L PR/ B el AR R ML

B BB Ay AT L,

Mutational steps are shown by length of connecting lines, whereas unnumbered ones represent mutation step equal to one. Node
size is proportional to number of haplotypes possessed by all investigated individuals. Small black circles represent unsampled or hy-

pothetical haplotypes.
3 MEXSHEXMAEMFMEER matK (A). ycflb (B) RiZERE SBEI (C) LR BAERIMERE

Fig. 3 Haplotype networks of matK (A), ycfib (B), and SBE/ (C) genes for A. hongpingensis and related species
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A AFEIE R 25 57, BT IO S LS i A A A
3 A5 il Mg sl A (Y SRR (3R 5, 113 C),
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