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Abstract: Poncirus polyandra belongs to the genus Poncirus Raf. of Rutaceae. Since it was published, its taxonomic
status has always been controversial. In Flora of China, P. polyandra was regarded as a Citrus hybrid ( Poncirus
polyandra) , and the genus Poncirus was included in the genus Citrus. In this study, we used three chloroplast DNA
fragments (trnL—trnF, trnS—trnG, rbcl.) , TTS and one single copy nuclear genes ( Chr3) to construct phylogenetic trees

to explore the taxonomic status of the genus Poncirus and P. polyandra. We sampled a total of 47 individuals from ten
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species, including P. polyandra and P. irifoliata of the genus Poncirus as well as eight other species of the genus Citrus
by using Murraya exotica was used as the outgroup. The results were as follows: The maximum likelihood trees ( ML)
and Bayesian inference trees (BI) constructed by all data were basically identical in topological structure. The cpDNA
results showed that all species were clustered into two clades : eight species of Citrus were clustered into one major clade,
and P. polyandra and P. trifoliata were clustered into another major clade. Meanwhile, all individuals of P. polyandra
and P. trifoliata were grouped into a monophyletic subclade respectively, supporting the independence of Poncirus and
P. polyandra could exist independently; However, the results of two nuclear DNA fragments showed that two species of
Poncirus and the eight species of Citrus clustered into a large clade, indicating that the genus Poncirus cannot be
recognized independently. Moreover, nine individuals of P. polyandra were monophyletic, suggesting that P. polyandra
was a genetically independent lineage. In summary, both chloroplast DNA data and nuclear DNA data supported that

P. polyandra was an independent taxa, but nuclear DNA data from our study did not support the independence of

Poncirus.
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HUR (Poncirus Raf.) , X &1 JE , J& S ALY
K ( Poncirus trifoliata ) F1'& AR (P. polyandra) Wi~
(5 Rk, 1993), B T HRE, 2 = A R
( Rutaceae ) M@ WAL T 09— J& , DX 51 FHHAG | 44 45
Ja , FEE AT T AR VLA i P A K THE T O e —
GO TR(EN S AR i S - s A K S ]
AR RAEEN B (AR H ) hAICE, i
R BT R B, o2y AR ) 2 B P o A e —
PR I T (B IRAE S 2017, b) , 7EA™ | 41
JRAE ) — R 5 i M AG R A, s o, HUS
AR — SRR R KA E A BV R, HUR
AIBFFE R 22 =B Be: (1) #UB AR AT B BE, 7
NTG 1178 AFREEZ EL (R 5% ) PR AR , 1763 470
R FMBAERIAZE TG & 5 (2) BUR AT B,
AR BUJE X 5 T M A% J8 ( Tomimatsu, 19685
Tomimatsu & Hashimoto, 1968) ; (3) #H )& 1Y /32K 1F
T4+, 2008 4F: Flora of China 51T U A& 152
ZI M58 (Zhang, 2008) ,{HAG $e22 50 A A AR J& X 5]
TG &, JF B2 — R 00 55 09 B 5T 55 U5 (Heo et
al.2018 ; George & Lapointe, 2019) ,

B RMHE T EFF (Rutaceae) 1B, & T HEE
S5(1984) K FH) —AHFh, B2 H R AR E
W, oA Tam e REWEEA R, 5 RPUZE &)
TR DT AR BIE SRR (R IR, 2018) , 7328
ML A8 32 5 AR AR B — S B AR 2 1t R[]
T E 4 (Fang, 1993) . SSR #ric iy & 2l & &
(Pang et al., 2003) K A% A5 4r (XA #1455 2007 ) 1

TRF HER R AE (1996 ) A & RABUE — KA
SRR, 7MW RAVE /RN 2 I T, & —
TS 5t 25 FBER, mT LA B Az 48T B, AR
JiIed A M e 38 (AR TR S, 2017¢) o I T AR
ARSI |5 AE Y ae B OO LA B A S o s LB A )
AR 240 , 6 RN 2R B A K 48 (TR %E £E, 2008)
T 2009 4FHEBA = pa il /N RE SR RO AW b
Z—o (HRE RN A AT IR A 15 B e,
2008 4F: Flora of China 1&1T MRHVIA R & R Z A A%
J& B9 — > 4% 28 B ( Poncirus X polyandra ) ( Zhang,
2008) , 1M 5K I A (2018 ) 8w Ry — 4>l Sr
AIRIIEIEART 138G ZREERIITIT

TEIE S FLE WA AE P LS B0 T, T A5 BY
s FFBSwe, BHED, C & EE—FR51 DNA 4
FHRIC, N SSR ( Simple Sequence Repeats, fi] H.
¥ %) ISSR (Inter Simple Sequence Repeat, fiij Ff.
A2 7 A £ & M) . SRAP ( Sequence-Related
Amplified Polymorphism, J3 51| #4734 2 & 1) 4%
PRI RAR S T & @ A W 1) 1 56 2 6 &
(PE/NBI4E 2003 ; 9K 3% 16 2006 ; X3 ,2014) . 4k
1M, DNA 731 F B B P SR 7E | N IR Z 48
WE9E b A il (22, 2006) , H UL AYA T Ak
& DNA (cpDNA) F Bt (ZE/NdL, 2010) Fildz 5k A
(nDNA) . 2 55 2 [a) J5 09 47 76, A% 35 TR 410 5
/b {H nDNA E g4 W) 35t A% W) o i o 2 1 28044, HL
HUCGR g ARRe v J5 w5, & — Fh BLAE 9 DNA 73
TARIL, W TR R 73 28 8 R YIRS (NOR & 5%
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2018) , AHFFEFIH B R AL B9 cpDNA FIRUE 5t
&) nDNA L3200 P 09 07 v, LR s i d s
FAR IR 5 FE H A

1 MEE T &*

1.1 #7F#

AAIF ST IR A A JE FIAH AT B A 1 47 5y T
AL, P AL 8 9 0 &% 15 T b R 2 B R A )
W5 T 9 B ARL 62 A8 40 i 7 AR, 3X 9 R e IR
FF 1992 4 e RO AY e 2F b R B R B &
FFIA R 5| (102.49465 E,25.22583 N, # ik
2 180 m) ;8 3 AH [ B A7 4 0 v A4 kL, v 2 0y
o H b E R e R B A A 5T T 5 3 0 20T R 3 A
IR V2 JEAE B vt 4 (b R A B B A A
TG IR A SR PR ) 5 6 103 AR 1) A 4 1
AL 4 07 il B S5 AR ) I R B R 6 47 AT A B fi
FEPIE R b RL ;3 0 B AT BE A W i 5 A kL 3 0
ST AR R 2 A e R R A A v
MR 3 B B R A 0 R, AR AR
1 3 LB A (Murraya exotica) #i &AL M - A4 BHE
RATGE AN IERE SR AR BB i 7 57 B RE
I K T G B I R AE - 20 C vKAE IR AT A
TP BERFEE B 1,

1.2 7k

KA R Y CTAB % DA 9 44 ) b 42 BB
DNA (Doyle, 1991) , if iz £ 3 SCHR , N H T4
Y R Gik BRI AL 25 AR 30 A2 W) 22 %5 () DNA 43
TR B #EAT ik, 2L 0 2 3 4~ cpDNA Ji B
24> nDNA F Bt (JEEL, 2014; B0, 2017) , 1
SPGB WFE 2, X H RS TE W0, R 5 4 1
PCR 97349 , 2% L W A0 6 A W A B w) 2R A7 L
[ 3000 5 LA SAE 00 05 F0 v 6 0 R A P 5 T 1
51 4, 0 51 2 £ 3 NCBI, #2558
MN585512-MN585655 1 MN638942-MN639037 ,

1.3 BIEDH

DNA 73 F H Be & ik W% )5, #1H SEQMAN
(Swindell & Plasterer, 1997) 344 3E47 17 1) 1Y 2 it
Mk E, R 5 B P E2 47 19 ¥ 51 BioEdit ver.
7.0.4.1 (Hall, 1999) #E47 J¥ 51 (1) Lo X5 T TAL XS

XT3 A 4K DNA 20 F A B, FI A PAUP ver.
4.0b10 (Swofford, 2003 ) FAFHEAT 7 55 IF AT
[ AL, 5 P>0.05 WUk B 7 B i — 8k 47, ml
DU FECE 1, A 2 ML (ITS R chrS) A1
BT R B AR AR A AR, B — SRR P<
0.05, Fl I, RF AL R THR A AT

Poncirus polyandra

M
P. trifoliata

EARTPNE %

Citrus hongheensis

B

Citrus X insitorum

it

C. maxima

Gike]

C. reticulata

s

C. medica

it

C. japonica

iy -
C. hystrix

HE#H

C. cavaleriei

JLEF

Murraya exotica

1 AARMBPREER
Table 1 Sampling information of leaf tissues in this study
Y24 7k RAEOLE (R )
Species Sample sites ( sample numbers)
B RH w2 e R AL RS2 BT (9)

Kunming Institute of Botany, Chinese Academy
of Sciences (9)

rh R R LRI, U HE M T (8)
Kunming Institute of Botany, Chinese Academy of
Sciences and dazhou city, Sichuan Province (8)

BHEIELLIN (3)

Honghe, Yunnan Province (3)

HEAOL BHE BRI R T (6)

Citrus Research Institute, Chinese Academy of
Agricultural Sciences (6)

TEAO RHEBAR R (4)
Citrus Research Institute, Chinese Academy of
Agricultural Sciences (4)

FrEAOL BHE BT R T (6)

Citrus Research Institute, Chinese Academy of
Agricultural Sciences (6)

T EAO BHEBA T (3)

Citrus Research Institute, Chinese Academy of
Agricultural Sciences (3)
FEAOL BHE BT R T (3)

Citrus Research Institute, Chinese Academy of
Agricultural Sciences (3)

TEAOl BHEBAR T (2)
Citrus Research Institute, Chinese Academy of
Agricultural Sciences (2)

FE AL BHE BT R T (3)
Citrus Research Institute, Chinese Academy of
Agricultural Sciences (3)

rh R BE VBRI b (1)
Xishuangbanna Tropical Botanical Garden,
Chinese Academy of Sciences (1)

PLZE B B JUHL A A0 S A, 2R fe R BLAR

¥ (maximum likelihood , ML) 1 D1 i 17 ¥ ( Bayesian
inference , BI) 14 & 2 4t & B B L A7 A8 Fl e R
B 3 S M A7 AF 5, ML 3 AT J 7 A 760 5 A 17 449
T A MEGA ver. 5 ( Tamra et al., 2011)
AT, W B 44 2 3% I Nearest-Neighbor-Interchange
(NNI) %I, SCFRPRAE TR 0007 H 2
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*x2 SlHWFIER

Table 2 Information of primers
5104 i 314751 SR BRI
Primer name Sequence of primer ize Annealing temperature
(bp) (¢)
trnL-trnF F. CGAAATCGGTAGACGCACG 948 57
R: ATTGAACTGGTGACACGAG
trnS-trnG F. GAACGAATCACACTTTTACCAC 806 59
R: GCCGCTTTAGTCCACTCAGC
rbeL F: ATGTCACCACAAACAGAAACTAAAGCAAGT 1 266 55
R: CTTCACAAGCAGCAGCTAGTTCAGGACTCC
ITS F. ACGAATTCATGGTCCGGTGAAGTGTTCG 756 65
R: TAGAATTCCCCGGTTCGCTCGCCGTTAC
Chr5 F. CGAGCAGCTTTCTCCCACT 780 55~58
R: CCCCTCCAGGAATACCACT

TR AR 3BT, BL 23 BT BT i S 0 R A A 2
TEHKAF Jmodeltest ver. 2.3.1 ( Darriba et al., 2012) H
T BI 43 M 7E 8k A4F MrBayes ver. 3.1.2 ( Ronquist &
Huelsenbeck , 2003) 14T, B—A~ /R AT K aE N —
ABEHLIW TF R , 3247 100 R, 4 100 YRAIE PR EL
FE—IK, SRR 58 F 5 648K ( Posterior Probability ,
PP) , I FHE A Figtree SEHURZRYB SO,

2 HEREHAM

21 HEGFBERESH

JIT BI04 it S A e B A B A S Ta] A A 1 ]
Y —3, trnL-ornF B9 L 948 bp, A 2] 16 4~
Z L ALEE 11 L8R TS AN/
trnS-trnG [ E 4 806 bp , FLAG I 2 44 4~ L 547
R ALEE 40 A0SR SR 4 AN/ B 5 rbell 1Y
KA1 266 bp, HAGIE] 18 4~ Z 547 5, 46 9
AR SR 9 AN A/ B, 3 A B B A TR
Jo A B0 I A, — B B 3 020 bp,

BEF R USRI A DL ik A R R B W
wE 1 FTR , H E R RRRB  F B AR R Sy T92
R UL 43 A7 %6 ) TPMIuf-Nei #5558 | 5 K fBL9R
R e 2 o Wyl S G 2 L KV e
( Bootstrap value, BS) flJ5IHER (PP) . WFiES:
ARG PR PN A5 LA — B0, MR Ty
YIRS K S FLAS B T 8 1 SRR o A AT
JEI 8 MIFP R A — K2 (BS=60; PP=0.959) ,

FUE R & RAVFIA R R 71— K3 3 (BS=98; PP =
1) e SHHEE S BOIRR A 28 X, 3 R
F, HhfER B X —0 8 & R A A
RR—/NRFR SR 3BTA MR R 5 — /N R
LB E T ML REFE (BB=98, 83; PP =1,
0.924) , TEMIEJE 953 3 BASY R0 9 Bir A SR
HREEN—A /N R 53 3, FFEAAFAESE X, (B Fef
ITETEXT MG B Y Fh B RS & B R AL A7
FEREVFZE 5, Qnerim] KR R G0 B AR, F&ok
LLSRAR S 7R £ KBRS A7 T 43 S A & iy DL
LSRN ARTI N4 (5= a0 o LA ST B T
TR A 5 SR R — 32, B S S5l SR A — e, Ui
VN ENES SRS RS RINEA=T - L (2
UL 3 HA BRI EE LR
22 ITS RS

ITS Fr B &l # BT Y1 iy — 2K JE 2 756 bp,
LTI F] 66 22 B0 4, HFE 63 7 S AE 7 3
RN/ BR , H R R USR BE I HKY +G+1 R
AR A, DL 3y 43 B vk FH TIM3 +G BAd, BT
ITS BA F BoAs) £ (14 Je K ARUAR R R DL i 3 A L 4]
2, ML A A1 BI R 09 1 Fb 45 44 I A8 — 3, (5 P Fp oAy
45 R 3 R B RAFIA R iy — 32 (BS=54;PP =
0.982) , itk EAEMAG & 1Y 43 S HE AR
A7 T8 1 JH At Py O 0 AT 28 L, MIL AW T 45 21 1Y
BB R LFRRIYBAR, 45 R s g i 5 o Ak
P I EPEARTIDNE & - i I SIS ]
PO 5 9F R £ (BS<50) ; Ml AIAR AR 8 o — 32, 4R
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1 1
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A 3 B 3
4 A 4
1
28 5 Poncirus p/(;lyandra 5
6 6
7 7
8 8
98 9 1 9
10 10
11 11
12 " 12
88/13 H
14 Ponczrus/;rifollala 0.92¢r13
15
17
16
512 # 1 0l986
53 B3 ('ztrusXmsltorum
B4
B5
B6
B14 FH#
99} B16 Citrys
B15 medica
B7 |-B1 4
85 B8 0.959 819
] B9 Citrus maxima — B16
B10
99 B26 tth 3
_| By # ii I #& Citrus hystrix
60 H1 —
] 7% H2 21 i0] K 3 ¥ Citrus hongheensis
B17
499{ B18 Cltrusmpomca
7o D.
77 0
B EZ ¥ Citrus cavaleriei
B
B1 1
B12 A
97 E}i Citrus reticulata 0.93
B23 1 B20
B25 B21
B24 ) B22
]\}}[ B ) JUBREF Murrayaexotica
urraya exotica
0.02 0. 003

O3 BT BCE AR O E (A) FUS SRHER(B) o FIA,

Numbers on each branch indicate the bootstrap value (BS) (A) and the posterior probability (PP) (B). The same below.

BT T HRORMIRIE (A) DLk (B) FIHT 3 NSRRI S i BA i R B W
Fig. 1 Phylogeny trees constructed by three combined chloroplast fragments based on
maximum likelihood (ML) (A) and Bayesian inference (BI) (B) methods

Jo B N HH R R (BS=56) . BI# s
BN R LHF R IR, 45 3 0w BT A )
BRI =KIZ(PP=1), Wi h— 43 & RAR,
BULLI R SR MG ik R B R Oy —
KA Z(PP=0.994) , Hi g R S5HE R —/N3]
R (PP=0.982) , 74 5 M Jm AE 0 R o
—/NRZR G ABENTRIFR LR (PP=0.986) ;

R S5HER N I — KR53 (PP=0.522) ,
2.3 BENZER Chrs 1

Chr5 Fr Bt L X8IV 5 — B K R 780 bp, 3t
K E] 39 N7, 4 R AR S M R 48
KEW UK 3, Hrf ML g dE £ TMO3 +1 FE7 ,
BI B AAE BRI Sl TIML, 3T Chrs Fr BE G 2 Y
ML # 1 BI B 9 H 285 0 & — B0, 45 R WL 3,
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1
2
A 3 B 1rB26
4 . B27
5 R o
¢ Poncirus polyandra -2
54 L3
7
8 =4
9 0.982[°
10 —T6
11 -/
12 # -8
75 |13 Poncirus trifoliata -9 10
| 14 11
15
12
16 1113
56
o 14
494{ g%? i I8 Citrus hystrix 12
B1 0.994 17
B2 1PH1
B3| 1 —EHZ
B4 | Citrus X insitorum H3
B5 B11
Bé6 B12
B7 0.954B13
B8 | B23
M g9 | Citrus maxima B24
B10 B25
g3 | H1 1 B14
Ho  LUTKHME 0 9864EB15
3 Citrus hongheensis - B16
B17
97|81L & —1EB18
B19 Citrus japonica B19
- kB20
B20 FB21
99|B14 ol LB22
B15 (,'itru%g%q{edica B1
B16 B2
B21 w5 B 4% Citrus cavalerici 0/ 900k B3
B22 B4
B11 B5
B12 B6
%
g;g Citr@E;T%ticulata 0.5¢2 gg
B24 B9
B25 B10
LA Murraya exotica LB Murraya exotica
— 0.008
0. 01

B2 T ERORMIR (A) ATk (B) R ITS F BEMI R R G0 K B W
Fig. 2 Phylogeny trees constructed by ITS fragments based on maximum likelihood (ML) (A)
and Bayesian inference (BI) (B) methods

5 ITS BAnas AR, & RAFUR y— i ETE
MG ALY 050 S B 8 38 S0 8 i H Al 4 b
TR A ML B SRR R, BI A B SRR3R
o ARG 25 F R 2090 K 3B B o o Ak Ok
(BS<50;PP =1), %R )5 &2 H B # (BS =65; PP =
0.862) , Fifi J AR AR AT Ak | R AR | A7 it A R A 2R
J—3Z (BS=62;PP=0.516) , i )5 5 & RAL ALK
RN KL (BS=62;PP=0.993) ,

3 Wi E 4y

3.1 HRE S 2T

AWFFE LA B BRI AE AR R S Al BERE AN R
{14 T RR A S8 114 8 AN FloA I X4, R 3 A
cpDNA F Bt ITS F1 1 MEHEHN MBI AR LT
HEATHEGE . cpDNA M EUHE 45 535 — B BUR B
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62|%  ERM
1 2 Poncirus polyandra 1
A 7 B 2
8 3
4
9 1 5
6110 6
11 7
12 1 8
13 Poncirus trifoliata 9
14 ~10
=11
12 0.999L12
17 13
B =14
B2 =15
=16
B3 | M L 17
B4 Citrus xinsitorum 0.986~B26
B5 E827
B6 4 B17
B7 0.993 4EB1 8
B8 B19
62 Citrus maxima ~B16
B9 ~=B15
B10 =B14
B14 ¥ B11
B15 ('itrzﬁ' medica B12
B11 09851813
B12 7 B23
63| B13 Citrus reticulata B24
B23 0.[516 B25
— FB10
66 B24 C oo
B25
471B26 s 11 citrus hystri [o3
Hif * Citrus hystrix =
_|BZ7 ~Bé6
B17 ; ~B5
98 KA 0. 862
—-‘ B18 Citrus japonica B4
B19 ~B3
B16 ~=B2
B20 1 —B1
B21 H E # Citrus cavaleriei =B20
B22 ~=B21
“-B22
75 H1 . . - H1
—{ H2 209 K ¥ Citrus hongheensis 09981 1o
H3 H3
JLE A& JLEF Murraya exotica
Murraya exotica
! 0. 005
0. 005

B3 ST ORMIRE (A) ALk (B) AL chrs MR RS B W
Fig. 3 Phylogeny trees constructed by nuclear gene Chr5 based on maximum likelihood (ML) (A)

and Bayesian inference (BI) (B) methods

—HFR SR Y R OFIC 52 S U8 PR 2 T8
TR AL, AP R AR IBERESE (2018) 1
BEHA (2017) B Wu et al. (2018) [R5 45 5 — %k,
BUR BEREAE g — AP ST 1 J& | TS 00K 03 5 3
Mt b, B 3 S aR RIS A By ML BT BI
WRAHEBYFNRELE RREAS -,
QIZLTT R I ) R G L B AR, ML B i 7R 2030 K
FAGAL T 43 AL E T BT B 5873 2130 K 34

St B HOR RH Fl X AT BB T 3 A
& DNA 43+ i B s B R &2 B T AR 5 vk
W L R Y 45 SRAFTE P2

55 cpDNA WIBIFSE S5 A A B 42 ITS F1 Chr5 1)
A GITERE TN Y25 O N IR I (8 o W1t
TERIAE & 19 53 3B WP~ 4% DNA (IS A 3¢
FEHHUR REfS S & i A R E A A e L, X
2008 4 Flora of China f&1THR ( Zhang, 2008 ) H1Xf 1
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JE AL B —E 0 5 Wu et al. (2018) 3T
B IR RA 3, J15h,3X 2 % DNA £
it s A IR 8 A Y ¢ RABA— 2, Lk 2L im]
KIS TE 1TS W E R R EAET &R/ 3 8L, i
TE ChrS # I R L B e ok, AT
¥ DNA 43 F BB 8 7 1 245 AN —2, T B2
THRIEH B TE 41 R 40 e B, IR sl B A1 32 2
()58 B 1 ) RN R A R — B L . 9 A, FE A
PR EEARSE , TR M RE LT X
RUSHAE M,

AT, AN SR DNA 43 B BEsOE 78
XIS & TR G SR M Fh i R G & B R R e L AR A
225, cpDNA B4 32 5 A1 AB 8 2h 37 B | i A%
DNA %54 i 7 AR ik 22 76 M A7 & HL O fg 20l 1k
J& o PR Ry o A 5 PR B R B AL 11 T A% B PR O AL
FRAL R, BRI T A 1) Ne SRR IEE /Y 1/4,
Ne A LL 52 W) — A4~ ) Bl B A% 70 5 BA 2R 1) B3
(Moore, 1995) , L, T 1 A 54 I K 4 R (1)
PR Ry B R T T AT )R LT 1 AMAZ LR T
T B 174, RIS (A I P R B PRt A B8 1 — A9
Py PR R RS R B R T BETE i UL I8 1) 3 S b 7
B, g A 5 B e B R R B R, T DL AR AR B
FE T, SRR BB 08 A AR (4 4 2R A7 T
MZ DNA WIANTT . 746 AR AE Moore HWR A, 7E 1
AR I K BE 95% AL T Hb i e — A~ ) Fh 2 PR R
W, A B 16 5% 40 %L A gk B 4n ik g
Ui, Prlh, AR A e — A & E W R o 2
L T 2R FH BT 22 i A% Y 3kl mT A8 s i A A
58 HRR A (R A% B TR A BE il D AL ) 4y K e, )
Gh SRR R BEEOE 5 R R 45 AR 2 5
W 1] BEIE 7~ AHUE 24 s A R, X 77 R B 2 1 #%
FE R B2 277K BT IR AR Y
3.2 ERMA S AL

JF A 1t 22 5 LW 2 e 45 A BIF 55 4 ) 22 )
P2 122 S X A oy X2 WA S0
AR 7 e AR 22 M W ATk R A R AR BF 9 o o
HAHRBALREN 3 S 0R B BRI A B
WAL ERE A% B B ITS 1 ChrS K038 R W58 &
RN 43 25 b o7 DL S AR £00) R R RS
Tl A Bk A HT R X LR R R E R

R, T MLEM BLIEWERGE LT W, T A 5L
PEEE R BoR & R 9 MR RE —i&, IF £
HHAATAT Y R A A2, SRR RAUE — sl
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