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B E. W EEP[Cerasus pseudocerasus (Lindl.) G. Don] CHuJ7Fii 35 4, A IH 35 43D,
WRANEHHERE [C. avium (L.) Moench] (18 113) FIEMEHE[C. tomentosa (Thunb.) Wall.] (7 £3) 4L 95 344
FLHIAZBIAAR P ek BB X (ITS, internal transcribed spacer) JF43EAT 7 F3 4T, LU ITS ) DNA
FE 5L T A6 BE 3R s Tl P A% 2 PRI SRR AL G R o A5 R W] (1) 96 4% ITS JFAILLAT IF KB 712 bp,
G+C il 58.1%, RE] 71 NERALE (9.97%), e T 37 MfEAs; rEMEEE. BROHEEBER
EAEPEI 45T 2 RETE FNAZ IR 22 AR PE 2 51 0.840 F1 0.00466. 0.928 F1 0.00396+ 0.905 F1 0.00564, H[E
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from 7 counties of 5 provinces in China. Based on internal transcribed spacer (ITS) sequences, we tried to
study the genetic diversity within species and interspecific relationship among them. The final ITS dataset
contained 712 aligned nucleotides, with 58.1% of G + C content, of which 71 (9.97%) were variable sites.
The ITS sequences defined 37 haplotypes. The haplotype diversity (Hy) and nucleic acid diversity (z)
of C. pseudocerasus, C. avium, and C. tomentosa were (0.840, 0.00466), (0.928, 0.00396) and (0.905,
0.00564), respectively. Within C. pseudocerasus, the genetic diversity of germplasm (H,;= 0.726, ==
0.00224 )was significantly lower than that of wild resource( Hy = 0.914, 7 = 0.00681). Interspecific genetic
relationship analysis showed close relationship (0.019) between Chinese cherry and sweet cherry, while
they revealed further relationship with Nanking cherry. Both Neighbor-Joining reconstruction and haplotype
network showed three distinct branches with obvious genetic differentiation among the three species. In
addition, there were significant differences in the secondary structure of the ITS1 and ITS2 regions and
t-detection of the minimum free energy. Based on above results, there were high genetic diversity and
obvious genetic differentiation among three cherry cultivated species. Close relationship was detected
between Chinese cherry and European sweet cherry, while far distance between Nanking cherry with them.
Keywords: Cerasus pseudocerasus; C. avium; C. tomentosa; ITS sequence; haplotype; genetic

diversity; interspecific relationship

Hh EEH [ Cerasus pseudocerasus (Lindl.) G. Don]. BEXYNETFERE[C. avium (L.) Moench] FlIEHE

#k[C. tomentosa (Thunb.) Wall.] 3k B & Fl (Rosaceae) Z=VV R} (Prunoideae) ¥2JE (Cerasus Mill.)
CATAEIR, 1986). H EEEMCAI BREME U T [, Horp b EAREAE T [E O AT 3 000 4F AR Jr s
CATAEYR, 19795 XHSTTAIXIZEY, 1993); BRUNFETHEML I ET A 4H5E ‘Mazzard” BEIA A YR T 79

PHEBFIBERN < 3 (Harlan, 1971; Mariette et al., 1997; Hanelt etal., 2001), 4 000—S5 000 =i JT
IEFET YL (Janick, 2005; Meyer & Purugganan, 2013), IUZEH S V2 3k b . (EIX 3 MPERE
BTG A, r ERERR SCEIRIG L, RIRAR, nIEPERTE S B 11.0% ~ 34.0%, ZE0EE 20%,
RSN, ANifiis GRS 45, 2013 BRiG 45, 2016); 1Bk I B2 B AL BF A4 00 A (il
VK S, 1991); RRUNETAERE R SZ K (4.0 ~15.0 @), ®iigfikiz (TR %%, 2005; 5554 %%, 2005;
PO E %, 2007), fEAErE BRSOl (EiglE 5E, 2008). WESTHEIREHE 2 FEHEREHL OC R T
PERE R Azt & A0 Ml R st SCEEOR, B B 0B s B S R 2 & R 2 AT — 2 %5 1 7 1)

X R LRI 22 FE I 5 R ) 1A% OC R I RF9T A #E, 41 RAPD (Cai et al., 2007). ISSR (Li
etal., 2009; K% %, 2011; Najafzadehetal., 2014). RFLP (H 4 %%, 2007) Al SRAP ([
45 %%, 2009; Abedian etal., 2012) %54r FFric sk DNA /341 (China Plant BOL Group, 2011; Bai et
al., 2014; Chenetal., 2015) HE LN (HIXLEHFFT 5 M 2P & A 5 s — Pl fh py 5 — 280
Witk Z R, AT bR DRI R —, PR R 2 AP S B, HA R AR 38 P E AR
FHIE . HETHET ITS P06 T ERERE . BRONETERE S B RERE 3 AP AT RSB E 2 FF 1 S gt A%
KRIEA NARIE .

ARG B AR 1) PR RO RR A B RRBEAT 1TS JP 510 5 A4, DLHHM ITS
1) DNA J7 5148 5 f FE J 7Pl ] (03800 2 REVE &2 3 ANFI I BIBHE e &R, BRI IHLAEPE S8 Bl ) 6 RS
N HANE, I RERR TR RO . A Lol TR R FH B PR DA R TTS 70 e AR ) 8 46 7 )
MRS A .
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QY ViR SRS DARES

1.1 ##

2009—2015 4, fExf P EAP BEIR A i A . WP JEAG L, EEh EAREE RS Al R
O 35 43 [8 45, 35 AE Cili) AR 35 43 [6 AMEAR, 35 ASAMAT L BRINFHAERE 18 A dhFl O
F 10 ANE K, $2K A BV ARRE GOSN R BB 7 0[5 2, 748 GO, PEE
ARG, JLos MR (R 1), REZHIIT Fr, ASORER TR S BHAR B

1.2 E[F%H DNA {2BL. PCR ¥ & X% MF

KH K CTAB 7% (Chen et al., 2013) #HUIEKH 4] DNA. HEHL ITS i H 514 1TSS
(5-GGAAGTAAAAGCGTAACAAGG-3") F11TS4 (5-TCCTCCGCTATATGATATGC-3') (Vijayan et
al., 2009 4T H ) Fr Bt PCR 9734 5K 25 ul B4R %R, 1045 10x PCR Buffer[10 mmol - L™ Tris-HCI
(pH 8.0). 50 mmol - L™ KCI. 1.5 mmol - L EDTA]4.0 L. MgCl, (25 mmol - L™") 2.4 uL, dNTP mix
(10 mmol - L) 2.8 uL, 1F. X5I#+%& 3.5 pmol - L', 1.5U Tag DNA B4 (bRt kAR LU 30 ~
50 ng DNA Fiti. ¥ 1 NFL T 0 94 CTIARYE 4 min, 94 ‘CARYE 455, 53°CHYE90s, 72 CHEfH
70 s, 3L 32 AMEIR, HJE 72 CHEM 10 mine § ML 1%In M B B bR 25 4% J 2% 22 D)
HEORFE IR A B AT XU 7, O] B FP AR AC 22 GenBank H3R#3 5 5% 5 (KY749248-KY749337).

1.3 HURAIEFISHT

KH Lasergene 7.0 #AFELIH) SeqMan X 1E = W JF I3 THf#% (Burland, 2000), ZM{ Chromas
Fp AU IR AR AT B AT N TR IE o R HFEAF (K7 41K H) MEGA 6.0 (Lewis et al., 2013) BE4T HUXY,
KA BRFE4 ;R Kimura 2-parameter #5578 150 G5 AU 2 (8] (st A5 BE 25, I NJ
(Neighbor-Joining) RZEK B, [ LLHEE (bootstrap) EATAILE, 1000 RIS . Fila)isift oy
ERE (F) FIH Arlequin 3.0 #fF43 (Excoffier etal., 2005) HEATHE, FFRE1T 1000 UeBHHLAHEE:
(¥ %2 A% . FIH DnaSP 5.1 (Librado, 2009) A UHFRAMERIANEL (HD. BRERZFEE (Ho.
BAREZFNE (o) e Z AR bR

K H Network 4.2.0.1 (Forster et al., 2004) [F] Median-joining (MJ) #7% (Bandelt et al., 1999)
R LA R s AT IR SRR A W FRAE B S 5 F A BRI SR HE I 29 A B 5% 2R 1] 1 55 20 0K R M Vienna
RNA server (Hofacker, 2003) W% T HX ITS S RIHEAT AT, oM s R E il
Al 5EE (Caetano-Anollés, 2002).

2 R

2.1 ITS FHHEHERIZE S HIES

ch EERK ITS P A BEYE R 702 ~ 703 bp,  BRKYNEHEERE A 704 ~ 705 bp, EAEBEA 709 bp (£
Do Py 85 e KB 712 bp, LRSI E] 71 AN A7 00 (R 2), Ay A s 9.97%, ITS1
XAFLE 40 />, 5.8S [X 3/, ITS2 [X 28 A, Hirp 54 AN RTTLME BT S4B 10 &b, KJE
ARSI (1o 3 ANPEBER ITS X3 G + C F 8 AE 57.86% ~ 59.77% 2 18], Ho EMEHE (59.77%)
e, HEEEE (57.86%) Ik (% 3).
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Table 1 Sampling location used in this study and genetic characteristics

Wk Cerasus KI5 Origin SRAfH Location /455 Cultivar/Code %54 Haplotype izi:’;’ﬁ/bp
TpERERE GREE) I4)1] Sichuan M2 Yaan M2 4T # Bk Yaan Hongyingtao H1 702
C. pseudocerasus 4 1l1 Mingshan M64 H2 702
(Landrace) K% Yingjing YJ65 H1 702
41 # Shimian S138 H3 703
P Hanyuan HY153 H2 702
FH#% Danleng Mei85 H2 702
P & Xichang X101, D104, X109 H2, H4, H5 702
Ji{L Pujiang LAk Ziyingtao HI 702
fAiFH Jianyang H A% Hk Baihua Yingtao H3 703
%) Emei EM130 H2 702
)1l Qingchuan QX541 H2 702
Jb )1l Beichuan BT517, E##k BaiYingtao HI, H2 702
HJK Chongging %% Fuling F2559 HI 702
[.F5 Banan LB Heizhenzhu H1 702
[ 74 Shaanxi i 74 Shangnan SX410 H2 702
WP Hanzhong  HZ301 H1 702
#¥T Foping /INFFLIA B Xiaozi Hongyingtao H6 702
79 % Xixiang 74 2 21 MEBk Xixiang Hongyingtao H6 702
L Anhui KFA Taihe K JLAT Mierhong H2 702
Bt Guizhou 5B Guiyang K2 ¥ Bk Daye Hongyingtao H7 702
EET Bijie IS4 Ma'naohong H8 703
¥4 Henan ¥ fH Luoyang # P #% Luoyang Guying H2 702
M Zhengzhou  JEMEHE Zaoyingtao HI 702
FBIH Zhengzhou  ZHEHk Benyingtao H2 702
Hilt Gansu K7K Tianshui KFit 1 Dapingye 1 H1 702
KK Tianshui KFH 2 Dapingye 2 H2 702
LIZR Shandong Il Linqu /NI # Xiaohongying H2 702
1i3% Wulian 21 ¥ 8k Hongyingtao HI 702
Wik Zhucheng ek Huangyingtao HI 702
% . Anqiu 2T Mk Hongyingtao H8 703
£ (& Changyi PEEK Yingzhu H2 702
£\’ Changle 21 M Bk Hongyingtao H2 702
ThEMEE (B2 PY)I Sichuan 75 & Xichang, 74 & # 44 Xichang (5) HY, H10 702 ~ 703
C. pseudocerasus # )l Qingchuan 7 )I|1#¥44 Qingchuan (5) H1, H2, H8, HI2 702 ~ 703
(Wild) i Shimian AFEEFA Shimian (5) H1, H2, H13, H14 702 ~ 703
M2z Yaan M2 BEAA Yaan (5) H1, H8, H15, H16, H17 702 ~703
Jt)1l Beichuan JE )1 B#44 Beichuan (11) H1, H2, H8, HIS5, HI8,  702~703
H19, H20, H21
5t M Guizhou 51 FH Guiyang SrBHEEAK Guiyang (4) H2, H7, H11 702 ~ 703
DY R PR A [ USA * 1 Bing H22 704
C. avium & . Tieton H22 704
JIEEK Canada  * S Van H24 704
$i7 52307 Lanpins H24 704
Wi ) Stella H25 704
%5 2% Ukraine  * 4K Vega H29 705
KM KpynHonnoAHas H26 705
1 [ Germany * W23 Scheiders H30 705
T %W Regina H25 704
Wk ¥ Europe * F45 Napoleon H32 705
4% Mazzard H22 704
FI 4% Japan * Vel Satonishiki H25 704
F24 Yutakanihiki H27 704
$E3¢ Czech * M3l . Kordia H22 705
%[5 France * 7)) > BID.Burlat H28 704
HERF Ttaly * L] Bigarreau Moreau H31 704
®14 F Hungary ~ * Miinchebergi korai H31 704
Ik Soviet Union  * K% Black Tartarian H23 704
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gk
Wk Cerasus KI5 Origin RAfHh Location /45 Cultivar/Code Hfi 7 Haplotype /75K /bp  Length
BB 4 Henan FBIH Zhengzhou — FKEJHEMEHE Zhengzhou Maoyingtao  H34 709
C. tomentosa B Xinjiang KPii4 Daxigou  #75EEM Bk Xinjiang Maoyingtao H35 709
Hilt Gansu 7E P4 Dingxi JE VU Bk Dingxi Maoyingtao H37 709
KK Tianshui RIKEHEBE Tianshui Maoyingtao H33 709
SR Pingliang S BMEBE Pingliang Maoyingtao H37 709
LI 7R Shandong £ (& Changyi I R EMEHE Shandong Maoyingtao H34 709
P91 Sichuan ¥ € Luding 5 EEHE Luding Maoyingtao H36 709

TEe % R T AR BRI AT T 55 AR ROR P
Note: * Represents samples collected from Zhengzhou Fruit Research Institute, Chinese Academy of Agricultural Science (CAAS) . The

numbers in bracket represent the number of samples.

F2 B3 N EERMITS FHERMR
Table 2 Variable sites of the aligned ITS sequences in the 37 haplotypes in three cherry species
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A5 A5 52437 45, Polymorpmorphic site

Haplo- ITS1 5.88 1TS2

type 246247 251 253 254 280 293 342 436 447 448 455 463 475 478 498 501 502 503 509 525 535 538 540 541 554 579 592 605 607 615 623 626 637 641 642
H1 G ¢ ¢ G ¢ c cT A CAACGT ACTCCATCTCATCAGSGT CGTGT T AT
HS5

H6 P . . . . . . . . . . . . . . . . T

H7
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gk 2

Fuff i AR50 1 Polymorpmorphic site

Haplo- ITS1 5.88 ITS2
type 246 247 251 253 254 280 293 342 436 447 448 455 463 475 478 498 501 502 503 509 525 535 538 540 541 554 579 592 605 607 615 623 626 637 641 642
H9 T T . A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . T

H10 . . . A

HI1

H13 T . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . T

H16 . . . G . G A . . . . . . . . . . . . . A

H17 . . . . . .

HI18 . G . . . G

H19 . A T . .

H20 . G . . . G

H21

H22

H23

H24

H25

H26

H27

H28

H29

H30

H31

H32
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H34 . . . . . . . B

H35 . . . . T . . c .
H36 . . . . . . . . G
H37

> > > >

a0 a;
e

>
@]
L A T e e i

a0

nnonaano-
5 438344
5 838344
>
aaQaaoa-;
Anonaan-
S 438449
Qoo ao-
> > > o>
Qoo aoo”
oo M M e}

Q

G

>

. A

TE: BT ARSI L DUR AL HI e, RSB TR AR AL, I R AL S IR AT ) T A H

Note: All sequences are compared to the reference haplotype H1. The number at the top indicates polymorphic sites. Dots represent nucleotide

variants identical to the first sequence.

F3 1B ITS FINHERIRIES #EIE QR

Table 3 Analysis of the sequence characteristics and genetic diversity of ITS in three cherry species

) A3 TR e N2 A2 % TS 22 RE

B PO 5 AR AR ZHEE Rt Art G+ C Ak
. Number of Diversity of Diversity of

Cultivar/Local germplasm/Code . G + C content

haplotype haplotype nucleotide

HE Bk Cerasus pseudocerasus (70 samples) 21 0.840 0.00466 57.86

8% Landrace (35 samples) 8 0.726 0.00224 58.47

¥$/)= Wild (6 populations, 35 individuals) 17 0.914 0.00681 58.37

FRHFEHERE C. avium (18 samples) 11 0.928 0.00396 58.10

EMBk C. tomentosa (7 samples) 5 0.905 0.00564 59.77

AR e s e LT 37 N (R 2, K 3D 21 ANAER (HI ~ H21) J& T+ Bk
H1 FH2 2 Rk B A B, 13 AN B o A, g 1 rp Rk R R . H22 ~
H32 3L 11 ARG AR T RRNETERE, o H22 Sh 2R, 7 8 AN KRN EIERkRF . H33 ~ H37
J& T EMERE, H34 F1 H37 20 SIAE A BAERER I o0 A, SEAR B A5 BN AR A ) RF AT B A5 2

SR Z R (H) MR Z M (o) SN EHE 2 AN E E bR . AR A 2 2 ARk
(H) FHRZFEME (o B8R, EYMKE B, Bk BRMETEPCR B PR B 5
(Mgt Ae 2RV 7 EREREM N, RES RN TR 8 AL 2 FEVEZKF ] AR T B AR AR (3R3).
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22 EBEEESEBEESLST

KM Kimura-2 S0 AL IR SR P LR 2. 4558 (R 4) £, 3 MR IR AL 0 is 3]
W K, R T 3 APPSR 2 . RIS, AE A AR R P, R R R TR L A A
1304k (0.0545) WIRFIEZAKF, P ZEBAEE 24 0.005. 3 AN Ia]s A4 B 25 80T 1 2 A 1
BRI EPERE, 4y 0.018, 17+ FE REBE AR AN ET AL S BBk 2 )AL B B Rz, 433 4 0.048
F10.050.

R4 BIRHES (ATH) SBESML (HLA) LR

Table 4 The comparison of genetic distance (below) and genetic differentiation (above)

TEEE GRS

_ AR (B ARD R TRk BB o [ BB
PRk Cerasus C. pseudocerasus . .
C. pseudocerasus (Wild)  C. avium C. tomentosa C. pseudocerasus
(Landrace)
TE MR GRED — 0.0545" 0.8401" 0.9397" 0.00384
C. pseudocerasus (Landrace)
ThE MR (D 0.005 — 0.7031" 0.8635" -0.00325
C. pseudocerasus (Wild)
RREERE C. avium 0.018 0.020 — 0.9041" 0.7594"
Tk C. tomentosa 0.048 0.050 0.048 — 0.8994"

e RIS BE K (P<0.01); * ZEREEEHAKFE (P<0.05).

Note: ** indicates most significant difference (P <0.01); * indicates significant difference (P <0.05) .

23 RBELABERBEBWMEIH

A84% (Neighbor-Joining, NJ) EERAHHMRY (B 1, A) , 37 AN ITS B DU w6 52 8
(92% ~ 100%) & 3 32, HHp Clade T 7% FLf% 5 H1 ~ H21, Clade I 7 #Lf5 ) H22 ~ H32, Clade
T & B f5 8 H33 ~ H37, 43 T PRk . BRI BR A BBk . 2o br (B 1, B) 45
B ONT BRI, PR B ETREEE A B AT B 1 1TS S Ay il B oy 3 28, &
55 Clade I « Clade I fil CladelllX} V. 7 Clade I Bl [E MM B f AU SR S, P20 H2 AbF b
O E, HAFE TR EEE R TR (R 1), WDl 2 AR, A s ) o i+
ZAr SCIANEEL A PR B R AR s B2 H A AR A o 2 il AR AR MR IR R R
PEBE IR BRLAS T I 4% 585K Clade IT F CladellTAR WAZ 0oy Z BT, {278 H22 A1 H37 F3 5l 2 BR i
BERE (Clade 1) FIEAEHE (Cladelll) Fli e HHL AT 45 iy ) BA s Y

UEAk, AR NI RIS 3 BT3B, o [ AR ERI R EI Bk A% R By il s 1 Bk
EATRIB AR B, RV B R K R

24 ZREWHIR

N T TR 3 APERRRIG TS X P4 sk LIS, 456 REURE W RS AT TAR
RIGPEECE, ®HF T HI. H2. H22 Ml H37 %5 4 N RIHET R aE Tl o dr (B 2) o 50
BoR, 5.8S IR R EEMIFEAHIF], TTS1 XM ITS2 X ) 2R &h M 22 ik, oy R BE i 2 21
H1. H2 SN A HAEER - 1037.63 kI - mol™ Fl - 1039.72 kJ - mol™, FHAEBKIF Sf5 5 H22 f5e/)N [ HHfig
N - 1052.69 kJ - mol™, BMEMKM 245 A H37 Mds/ A HHAEN - 1073.20 kI - mol™ o S i 45 1L 14
ITS &K FAEAT R EE R TI, 543 205/ F B REREAT ¢ 40, 3 MR 2 A 22 % B3 (P<0.05) .
4 ARSI RNA RS RoR (B 2D, R0 RN B AL, P i AR e K 5,
gifyim D B BER RS A, SCHREIE T 3 ANRIK ITS P A R R B R
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2 H24Q

Clade I
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C. avium
H26; \\\
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/
,’/HQZ.
HS @ M2¢ myttd
HOTG ey
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\
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C. avium

\
*\H16@

Clade Il
BIERk Clade I ..
C. tomentosa HRERE
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0.005

.
0 1

AR X 5

Base-pair probabilities

B1 #EgaENRgREN

Cerasus pseudocerasus, C. avium and C. tomentosa, respectively.

4
G H2: -1039.72kJ - mol*

SHI: -1037.63kJ - mol?
th [ J Bk C. pseudocerasus

th [ J 8Bk C. pseudocerasus

—
Ax SBERE (X3 BB ARIZ S SO A R SCRR bootstrap {H, 1000 IRTERD); B: SAFMFLE A
IR R AMEEA GBI, myv] ~my14 F0R 14 DEREIRAEAD. Clade T AT AR EPERE . RRETEBEAT BRERE .
Fig. 1 The phylogenetic results based on haplotype analysis in three cherry species
A: Neighbor-Joining tree (the number on each branch denotes bootstrap, 1 000 replications); B: Median-joining network (Circumference size is

proportional to the haplotypes frequency. All mutations are shown in the network, mvl - mv14 median vector) . Clade I , 1I, and III represents

BH22: -1052.69kJ - mol*

B HIFHHERE C. avium

2 B ITS ZRAMSERERER/ARE

Fig.2 Secondary structure model of ITS sequences and the minimum free energy in three cherry species

3 H37: -1073.20 kJ - mol?

EAEPE C. tomentosa
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3 e

3.1 HEHEITS FIEES %S

B Z2 FEPE FIAZ T IR 2 AEPE 2 N DNA [P A17K - e ey b st A% 2 #F 1 1) FE 224545 (Chen et al.,
2013) o ABFFIH, HETAZEER ITS Feaisnt 3 MEBERIIL 96 4 5t 1) 15 44 2 FEE 23 A 45 AR, o
FEIPERE . RRUHSHAEDRN B ERE ) AT B s A% 2 RE KT, RIS (2013) FIERFHAE (2016)
FEFAZIE N SSR Aric o o E Bk W TTSE R UL K JEF RAPD (Caietal., 2007) A1 SSR (3l 4%,
2013) FRic e W EHE PR BB AT 45 R — 30, (H 55T 4844k DNA JP AR o b [ A RE
RN TR S BRI Z AR 45 R (Katayama & Uematsu, 2005; Chen etal., 2013;
Pervaiz etal., 2015) A—%, XE5PEFRICHEMNEG G W TALIE P A1 S i 14 08 Rz K T-44
)5t DNA 541, FEREAREEA IR A% ik DR i 48 1 R A A2 1y s 2l 245 A8 A0 1 R 2R 2 228 /T 440 i i i
RIZ, PRI JE 4% DNA ¥ ITS J3 4053 Bt I RE6E s 1 H A0 e PR it A% 22 R 7K, T 2i44
DNA 75143 b1 i 5 FIUBAK (19358 4% 22 AF 4 /K °F- (Schaal et al., 1998; Gong et al., 2011; Khadivi-Khub
etal., 2014) .

UEAh, AT, b EAEROR B RS 15 A 2 AT W AR T B AR B, HOREE AT B
PR HG i WA AR R B 1 B AR R A T ) 211X Chen %5 (2015) Al Zhang %5 (2016) &
T+ SSR A xR R R B o A B AR BRI AL 2 RE I A RIE ST A 2 gl AR W] b PR S
b BRI B P I ek R v 28 1 T 28 7 FE (1) BE 5 80 DA S AR 3 S R s & e = A2 T
AR ETBON, , A LA A r LA 25 A5 7 Jak DR ™ L 2 2 T e A 23 A A Bk DAL A A A v A R o, AT
SEH LB AL 2R E R, BEE S tbh, Srb EVERRET A SRR AR LG, ARG
BRI IE AL ZAEVE T e 5 AT RO A I a1, T2 N AR R R 2 R o
JE % (Doebley etal., 2006; Miller & Gross, 2011; Meyer & Purugganan, 2013) .

3.2 PEMEHE. BUMEHESS BERREEXR

ITS REKEWMERM, 3 MERF A 3 AN KIS ERERES RO E BB A Be— N IR )
933, AL 92%F1 96% 1 H S REZ Ay IF,  HALS B i v B R S s 2R R0 D R B B s 2R
EPEBEIUICL 100% 1 B JiE SCRFZAE M —32, R 3 ANPERR R B AT A o7 ik 4k 77 0. 3 4
BT 1) 220 Y5 A RS 2 Py R (] (R 3552 TTS SRA Y, Ud B RERR AT ) () DR A I B DR B e i 59, o
35 10 I 245 3 A7 LA S R 1 e R FLAW S 35 A% 204 R B UE B o 31T 8 S5 M )t B
Ky DA FEER B MRS PR S LT A J5 TRk Y (Mariette et al., 1997; Hanelt et al., 2001) ,
i E AR AN A TR [ (AT, 1986) , EHE KA RE T, EOR A EE R 25 S 30
| N R N kS s A T e SR i/ B S5 pe St e N Th et A /L I N Uil 3 L
FE MRk Pl 5 B AR R R IR AR A dse /N, T AR 2 L2 i 2, S WA ) LA S R gk
ARAR S 1T ELAE M TR L R AT SR A o il 3 MR E B, R TR 2. REKE K RFIRAT M
YR ATE R, E VRS WO ETRERE R ITS 740 1 R R PR A X T B o, dA ok RIS
VAR PERR e R b, ARk e St 20 A HE K T T e SR (P A e e S 304k, o IR R FH RK
IEITPERE 2 A J5 S A R 8 8 = 2k sl b . XSk (2007) | 3852 R % (2006) FiIxi
HIFASE (2007) MIWFFGE AL, AL, ARHE TEAS AR AE K W 2 2535 2 W v [ AR R IR ARk
@ MR, B BOE M G R, BN R R R, %S R S I S oy
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FHEZE (ATFEIR, 1986) —H(.

FHXTT- DNA [P IERR T 5], RNA g gty It ahi 22 45 5., TR R Mo —28qr—
PR PRI LS (Kole etal., 2012) , " LMEANBISMIF 2 T RGFH— P EREETB. A
BT 3 AR ITS X PP A0 e gt g5 R won, h EVERRRAE AL HT 5 H2 () a5 A, B8
B gty (H37) SR EFERE (HI, H2) FIBKCHEERE (H22) ZERRK. &t My nmm &b )
ARHIGIE T NI RGRBW LA, o E RS RO ET BRI & O KRB D), Bk S T E
RERRRT BRIk O S5 00 RIMIAHT 28 o ASHIF 9 45 SR U0 AR TTS 741 n] LA 380l I 73 77K~ 864 T
ORI T ISR S R I AT, A HE— 2D B BRI O R A AR RS AR

3.3 ITS FHIAEEEEH I P& & IR T 89N TN

ITS AR A £ 777N, SRR (Kornkven et al., 1998), {EFEHMIZSHE ARG KA
Tl S 5 8 %5 5 R AW 22 S5 2 N (Alvarez & Wendel, 2003; Kelch & Baldwin, 2003).
HEARFIRE D BERIAN R 2 K55 L, TN AR R A —FE, ITS JPHI TR NG B2
AHHE CEARBD 2, 20100 o ZEABEICH, 3 AMEBEME S 0 3 AL 25, (H 69 4y b ERERE
FAETEIR 21 AN RS BUAE R G TP IR D53 3, A2 — B3 IR 7y >C A JE SO AN I 50%,
53 EE PR b PSRN Y AR R ITS JRAUARTR], RREITRERE S B AR 5 . X 51 3L
& (2014) R ITS FRpniakss ARk 7T 45 2R, ok A 18 MR IL 154 MM ITS Jra1 3t
FESLT 1A RL, ARG RR I, TS JPAIfEM AR HA m R . ok, ITS JPA AR R
R o F, T LR SRS O R ARIT IR NI R 23, AHAE 3 ANPERGERES Rl A 1) iy
FRFAESR], ITS FRAIEAEAE— R 15 (2015) fEXHERE RLYIAh U9 IR R G5 58 JTVEIINEoT
th, gEREIR, TR R LA ITS AR IR =, HER e — i, Wi, R, A
PIERE P A AL B AR &, DALk, TRl , 3L TTS Fpp b ists, saliot ITS P ai1R
HMERG LA X TR, U BT B &2 0 R A 4 7 A Bbiic S5 A4 BB LA 2 X 4 PR
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