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Abstract: The genetic diversity of germplasm resources is the heart of sustainable industry
development of apricot and provides the basis for the genetic improvement. In this review, the taxonomic
species of the section Armeniaca and the collection and conservation situations of the apricot germplasm
were briefly introduced. Also, the phylogenies and relationships of species, the origin and domestication of
cultivars, the genetic diversity evaluations and the programs of germplasm enhancement in apricot were
mainly reviewed. Finally, it is proposed to provide scientific evidence for the germplasm enhancement and
further studies, which is based on the detailed evaluation of the quality of the germplasm resources, the
in-depth mining of the unique germplasm, and the potential of the germplasm enhancement in the future.
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) CREASR &, 2012). ZR BHIW, HEFEZEAA 3000 ~4 000 3857 L.

RS, HAMRFNES, EHA S AR A 2298 2 i ) [ A 5 REr SRk
KA, LS. RSP, eI, MEEFE. L H LS (Bailey &
Hough, 1975); TfiJa, %5 NESEESEJE I K FEs 2RO A5 I 55 g BRANER g i X (7K
IEERGKAE], 2003); ARIGFEE TR, ZRERSE (Faustetal.,, 1998); 1524 4E4 1548 4[] ME K
FIGINTeAE 2% (Asma et al., 2016). 1626 4F, PP AFERE I3 E (Zhebentyayeva et al.,
2012),

Folt 5 0 YR ()54 2 AR M AR A P ML R 4 R F AOAZ o T B b IE B () A AR SOt R P AR S
TR IRAT « RS RGuE A %08 VPN FOF G R FH 5507 T I RHIE TAE T B 45 FZ55 V00,
DA A w5 R 5 B2 Y800 T 5 R FH B R 4

1 AR ESE KR RAF I L

L1 R

HRER T REPARA —BAEF N WIECRG T, 26 6~ 12 A, &IET = A E
A (Prunus armeniaca L.)« 145 (P, sibirica L)~ LA (P mandshurica Maxim.) # (P. mume Sieb.)
SR [P, holosericea (Batal.) Kost.] « 5% (P. dasycarpa Ehrh.) Z=Mg4 (P, limeixing Zhang & Wang )+
BURIAS (P, zhengheensis Zhang & Lu)+ WP (P hongpingensis Yu & Li) 5 BB (P hypotrichodes
Cardot) 3£ 10 Ml (Luetal., 2003), HHTHT 6 ANl EFR LA NEIRE. Ak, A IR TR K
N 22 BT [P brigantica (Vill.) Persoon.] (Brancaf & Donnini, 2017). %A1, K325 (2010)
H R TR AR — 5 I K s 48 A 4 N A B W Bl “ 84247 (P cathayana D. L) A 2HARIFP 3
BURHIERR QIR 1 iR

& iR Fp, EIEA (P armeniaca)~ WA (P sibirica) LA (P. mandshurica) F1Hg (P mume)
4 AT IEH VP2 BRI (ATHEIR, 1986 Faust et al., 1998; FKINERTKE], 2003). HiEH
M EREQEG, TR M, MR B U AR ik, Mgy . A AR A

R ACE D8RS WA FEA TR RN 28 T8 ARE.

1.2 WERFER

AP IR AEE . M7 R AR ERE AL SR SRR E R AR R B A R A I S S .
A5 M SRR AE A S AR . H AT & I AR FE A A R A USCER ORAE TAE . RUIRERHE
M52 Kostina (1962) M FEEHULEE T #1 7 MFF 600 4SS FP AL, ZES67E Nikita FE 47 [ 50 B
KRB (Crimean Pomological Station, Nikita Botanical Garden) #1571t 5t B 25 1 AN Fm 5%
V5], BLORAE I TT Bl B R A G 220D S BF AR SR A3k 718 3 B vk [ [ SR ML 5 Bt (National
Institute for Agronomic Research, INRA) TRAFA K HVEE . ARER. A AT A [ 45 A F 5T 555 450
#r (55 Dr. Jean-Marc Audergon FA NS i) o = B H 7 78 WV [B X A5 B 58 It (Apricot Research Station
Directorate, Malatya) JLUSEEORAE 286 My A5 B35, FZ LI N T4 s B £ (5 Dr. Yilmaz
Ugur FANSZR) o U 2017 4RI, o 16 A ] 2 SRR i ot B I 2 A5 ) T USC B AR A7 A B U 829 3,
s E 7 R R 618 £ EAMGIER AN (R 79 6y PEE B (RD 93 4 LA
BEUR 39 By, H AT tH 5 b OR AR RS B K R A o BT B U I o s R B A A B VRO B e, B
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Table 1 Key botanical traits of apricot species

LU ES B HIE R AR AE TEAS BV RHIE HSRFAE Z25 3R
Species Tree or branch trait Leaf trait Flower trait Fruit trait Reference
SLpikey VAR, D0 EE WL EER THEKN  fERAe, ERELma AEEEE: RAZT, B Lu et al,
P. Hl: BRZHUNAL  [WADETLE Leafblade  #th; %741 Flower #AIFR; HIEXIFR Drupe 2003
armeniaca Previous year’s branch  usually glabrous on both solitary; hypanthium pubescent or glabrous; mesocarp
reddish brown; glabrous; surfaces, rarely abaxially purplish, sepals reflexed succulent, not splitting when
with many pale lenticels ~ pubescent in vein axil ripe; endocarp base symmetric
IIES BWEARBUNEA, 1A SIRBOERE, okl Ed, eTHAR  mEE, HEERE. RAWM. Lu et al,
P. sibirica HehcHE s Shrubsor  REWBR: AETC/MMHR R E R BN . RNER, BARNE%E 2003
small tree; previous Leaf blade ovate to B EhREERIT B IFR; BFHEARSTFR Drupe
year’s branch grayish ~ suborbicular; apex long Flower solitary; opening compressed globose, pubescent;
brown acuminate to caudate; with before leaf; hypanthium mesocarp thick, dry, inedible,
or without small nectary outside basally glabrous or readily separating and splitting
slightly pubescent, sepals along ventral suture at maturity,
reflexed endocarp base asymmetric
AT | FAERAARERM SRR AUt ERE, TR, (B A JF INERE: REK4~7mm; R Lu et al,
P. @, R, B TS 16 )5 % )7 [ 4T Flower MR MARA, B 2003
holosericea  JG&Hilii7% Previous Leaf blade ovate; both solitary; petals white with FfAIFE; R4S
year’s branch reddish surfaces pubescent when pink veins; sepals Drupe globose; fruiting pedicel
brown to grayish young but glabrescent; reflexed 4 -7 mm; surface densely
brown; pubescent when petiole pubescent pubescent; mesocarp slightly
young, gradually fleshy, not splitting when ripe;
glabrescent endocarp surface rugose
1 LR R, Ol EKMEDE; 2hnh Pl FER A, TR JEEOE; BE: W i Luetal,
P. mume JCE Previous year's B, JGZHiLTE Leafblade # FZJcunll%h; M4 i g5 RFL7T Drupe 2003
branch green, glabrous narrow, ovate-elliptic; both & 5. Flower usually subglobose, surface densely
pubescent when young but  solitary; opening before  pubescent, mesocarp sour,
glabrescent leaf; sepals apex obtuse; adnate to endocarp, endocarp
very early bloom surface pitted
LA W REREE, WK 1 4 ANTIAE, BT, Jesd, JERK 7~ LY B8 KA, Luetal.,
P. FAERRAHESE  HemiRERR; 1% mm, ?Hlﬂéfﬁﬁ—’?ﬂfﬂﬁ BRIR; AZIEERIE; A KE, 2003
mandshurica {4, JoF& Bark deeply HABEFMKRBIEWL B/ NEA Flower %[5 JE Drupe subgloboses
splitting, dark gray, Leaf surfaces both pubescent usually solitary; pedicel —surface densely pubescent;
previous year’s branch  when young but glabrescent, 7 - 10 mm, margin mesocarp fleshy, sour;
reddish brown to apex acuminate to caudate, inconspicuously minutely endocarp subglobose; lateral
greenish, glabrous margin irregularly acutely ~ serrate ribs not developed, dorsal rib
elongately biserrate suborbicular
E 3 VAEAERRA G, Ot TIEHKEERBIE WA, K 4~7 BEaG, AHEMEER  Luetal,
P. W, JGE Previous E; MARGEE Leaf mm, HAERE: EH B RRE K% 0%, 2003
dasycarpa year’s branch purplish  abaxially pubescent along ~ #J& Flower usually KIAAARE Drupe surface
red, smooth and vein or in vein axil; petiole solitary; pedicel 4 -7 dark purplish red, thinly
glabrous thin mm, thinly pubescent; pubescent and glaucous;
hypanthium campanulate mesocarp succulent; clingstone;
endocarp coarsely scabrous
PorA VAR M B LHEEAERSE A1 Unknown R, SPEmOHE; AR,
P. 1, JoE Previous B NP KRS B 7~ 10 mm; ZAGTE, 1986

hongpingensis
brown to reddish
brown, glabrous

year’s branch pale

AN KL Leaf blade
elliptic; abaxially densely
yellowish brown villous;
adaxially sparsely pubescent;
petiole densely pubescent

R H 5 R/N LT Drupe
subglobose, densely yellowish
brown pubescent, pedicel

7 - 10 mm, endocarp ellipsoid,
surface pitted
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LU B B R AIE R AR AE TEAS B RFAIE FSERAE SR
Species Tree or branch trait Leaf trait Flower trait Fruit trait Reference
HEH WEA VAR 6, BEEHE; EWEEE>  fefd; MR THERFENIT GHE; RmEHE: 8% FHEM
P. JE KR Shrubs; BELE, THESEZE B EEEMME; THiL  Drupe subglobose; surface ¥ bk IR,
hypotrichodes previous year’s branch {44 E Leaf blade GHMIRE G, &H; fEMF pubescent; free stone 1998
dark brown initially, lanceolate; adaxially s, KEGIEE Flower
later brownish gray glabrous or rarely pilose  solitary; opening slightly
on veins, abaxially before or with leaf; hypanthium
brownish villous subcampanulate; sepals margin

ciliate glandular, reflexed;
petals white, long obovate
F gAY | EAR AT B BREISRBIREDTE . T 64 (1~3) ¢ HEM5G RMEREEE: LR, kg %,
P. limeixing ~ HJm[AJE K L Previous TR FIMIMRIAHEZE =ZHE5EEERSE, FLE &1, Rif% Drupe surface 1999
year’s branch yellowish “E Leafblade ellipticto % A~ Jx$T Flower 1to3in pubescent, clingstone, seed

brown on exposed obovate-elliptic, both clusters, opening before or at bitter
side; with sparse surfaces glabrous or same time as leaf, hypanthium
flattened orbicular abaxially pubescent in and sepals yellowish green,
lenticels vein axils sepals not reflexed
B VARG, KR, bimgd,  Ewsd, SEeIg, N OEE, HRE 29 i sking &
P. Y6 I Previous Bk EEMBZE: TH 46 EIEMETE Flower  BEKMRETE, RIHKE, A% 1999
zhengheensis  year’s branchreddish ~ JRKfh, Z#iKFEE;  usually solitary; hypanthium MZ{ Drupe ovoid-globose,
brown, glabrous AL Leaf blade campanulate, basally green;  slightly pubescent; mesocarp
elliptic; adaxially green  petals elliptic succulent; clingstone; endocarp
and pilose on veins; narrowly ellipsoid, surface
abaxially densely grayish scabrous and shallowly
villous; petiole red reticulate but not pitted
NERZZRES  REAR MITIK: Bk RONEDE, MZESIE fERUh, At FE2~5 B BB KEE, Bk Brancal &
P. JCHl Shrubs; spreading; #Hith; MHLEHBN 4 MELT; FHEZEH  #; ZHEATFE Drupe Donnini ,
brigantina non-thorny branch ¥ Leaf blade broadly At White flower, small; subglobose-acute; glabrous; 2017
oval; margin doubly 2 - 5 per cluster; stalked mesocarp yellowish, bitter;
serrated tooth setaceous,  hairless; sepals not reflexed  endocarp surfaces almost
surface smooth and shiny smooth
Lt LFAERER G, 6 WHSRHEEE: 8 RERE FREgAtk KRR, RRERAES MR &,
P. JoE Previous year’s  A%k; WMIRTGHRMA Leaf ZEF: {EHEARH Flower TR REFE=ARIIE; 2010
cathayana branch purplish brown, blade pubescent sparsely — usually solitary; the ovary M=K, JCEWR Drupe long
glabrous on both surfaces; entire at with white villous densely; compressed globose; mesocarp
base: petiole not stalked very short splitting when ripe; endocarp
glandular triangle ovoid; the seed large

and not bitter

2 HAEYIRERE S EL

2.1 BHEEVIERFEGXRRIEIR

WA (P sibirica) FIEEA (P armeniaca) W8T, DL BEF @A ML, 8
TIRAEM (B 25, 1986); HiRME (1999) Y AEIEA (P armeniaca) &5 U6F, # (P mume)
N D RERSE (2005) KH ISSR iR, @A (P armeniaca) 5114 (P sibirica)
A (P mandshurica) JBAT (P holosericea) WISEZRREIE, MS5EA (P dasycarpa) HI5ES
KERE. BEREE (1994) W4 F TEAB I, SHEEDR A T 0% BRI, 1
% (P sibirica)« LA (P mandshurica)~ 3845 (P holosericea) KK (P. mume) 53 i R 4G 1)
M——@A (P armeniaca) FALTIR; [FIREE TESFAE N AECA (WK RA) 2 b EEd

(P. armeniaca) LA (P sibirica) EARMIREIZEZTEEN (FEKF 55, 20152), FEMHESE (2006)
FIH RAPD A3 2| [FIFE R4 10 . B2l (20000 MALK: 2 M BEVCA A A ED gt . s
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(P. armeniaca) —L7 (P mandshurica) —\175 (P sibirica) —§&75 (P. holosericea). X\ H %
(2010) [FERE R R ILA (P sibirica) R IEA (P armeniaca) AL RATI & . 56K
FEE (2007) RA WG AFLP brid s, WUCARHM BT N @S (P armeniaca) —1LAF
(P. mandshurica) — 14 (P, sibirica) —H (P. mume). %% FRTR, @A (P armeniaca) )i
WG 2R, WA (P sibirica) 313y (P mandshurica)~ ¥ (P mume) FUA (P holosericea)
AR (P armeniaca) WIFEAE ISR,
28 (Prunus) VF2MEPEIETHE, Hoaofmg) HES r=Afia ek, Byrne (1993) i#
I 6 FyER [F LRSI N LS (P dasycarpa) T &E/DEH 2 AMEMZEE (P. cerasifera) 12 A~ iE
A (P armeniaca) WIFEFEMEE, UNEEEIEA (P armeniaca) FIMERKZ (P. cerasifera) 1]
HARZ A TRE] (2006) dlRE A TAACRIG WA B FRIREAEE 0. MAAESE (2007) X & HKI 21
A (P. limeixing) FFBTIRBET T RAPD A1 § &A1) PCR #4804, 45REH], s (P
limeixing) 5253 FME R BERC AT i . Zhang 25 (2014b) A1 Fu 2% (2016) HR#E SSR 4> FAx
WEER, WNKRABAMRRMERR, KRR S E@A (P armeniaca) T (P sibirica)
() SRFhIE] 2 Ao 2 S A e DR AH LA BRI B AR Re i . AUE (2010) I8 AR 22 R E AT - A
R #r, INNBCFER (P hongpingensis) 52452 (Sect. Prunus) R ZRBLOE, TZEMA (P. limeixing)
H58A (P dasycarpa) S5Fh R Tk Rl B 7 — A& . Zhang 45 (2018) i 4% SSR FliH-4¢
& SSR 73 Ml AT (P. limeixing) JELAHEZ (P. salicina) NEIAR @A (P. armeniaca)
HARFATIE ;s KAy (P. cathayana) W& LS@EAT (P, armeniaca) NEAS\E (P. sibirica)
HARIAZTE N . BEAKCT4E (2017) FEKBEL) 950 bp I ernL-F FEHVFERE b, 047 T 2500 J@ Fh 2 42
HEMARARAKERFR, &REW, B (P. dasycarpa) 7EVNEMZE (P. cerasifera) NEFAR 5518
(P armeniaca) M2 N2 ER (P, brigantina) BV SRARFRAE TN 5 2 A5 4R 1) 22
Z= (P. spinosa) ~ BRINZ= (P. domestica) FHAL, BT RER Z KRN ZE (P, domestica) WM.
A 2H AV 2 Fh A [ SR AR BL S R AR N AR SE YN IS FE i A2 AR PR IR 258, R NIRRT
KBTI
XA (2008) ARG B ARG RGN, gl WUy (P sibirica) 52 HARIRPEYDFPIE i

(Parapatric speciation) BY[FIE YR AL (Sympatric speciation) f]; IL# (P mandshurica) »&—
AR RS, el B s A R R B TR RIEA ARG, 8 B RERRE TR R T
s A (P holosericea) »& 5 iEAT HAEIL M PEALIT A FE h 2 T F B IR M4 R . W AR
FhlE] Bl R R W 1 T

e 4% o W
] Selection clection P, sibirica
P mandshurica .

> A ’ 1‘§I ;rrpt'eniaca

Jﬁif’% P armeniaca e )

oA Selection Selection s
P, holosericea Kernel-using apricot
< HBpEE RS < H [ 2
P cerasifera | P salicina P salicina
#15 1 AT
P, dasycarpa P. mume P, limeixing

H1 EFEMENTERLER GEEE, 2008)

Fig. 1 Possible evolutionary pathway for seven species of apricot (revised from Liu, 2008)
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22 BIEEMERRESRHNSS

Kostina (1962) 4% M H F 5 HLEE KT 600 407 B2 IR, ARG I IEA (P armeniaca) RN
4 ANEFSHVERRE, BRI EASHE. R — SR AESHE . WA ST AT HEmE R — AL S HE . Faust
£ (1998) FRUWHIIN 2 DA FIEE, BIARJL ARSI AR AR ST . SRINEATKRE] (20030 SCHHGIN 1
RACIEAEZSHE, AR B B — R A SRS b 4B A SR — . Rk, F AT 20
WEEE N EES AL, E 6 MR AR .

BB R L B A S A AN g R T SRR A ) SR A AR AR R, 0t RS A A JIM R 1 e 1 )
YEH (Zhebentyayeva et al., 2003). %X )5 46 25 A5 BhEE BT 2000 0 =F &= 0084 200, ARIAE
My T IRE B A LR B AR O 1 AR AR B BTUE (Carlos etal., 2003). Hagen 5% (2002) ]
AFLP 7rFhricdl Son, A A8 FhsR il 7R e ) B R — 2RI it L 2 FE ik sy, X5
A OB R R R BRI AR R (0 0 St W&o BRYNAE S B BB — /M B AE S8, X — PR
RPN Rti St Fl 7k, BB AE SR . R AR RN (R e Mk 3% E5 & A (Hormaza, 2002). He %F (2007)
X TR G AL AR 81 AN EF AR FERERIBE SR, AR L B A AR DR B s B A 2R . AR
Hrem g B A M P ATAE AP B Ab R IR . BN, MRS A BRI A SEM R B8
JEA &, 2007). PR, AR R R L DU B AL B A A DA T ok, T S AR LU AR 1 R 4
XS 2290 2 B IR 2R VT M EAT AR 4R CIRHRAR 25, 2009).

B2 AT R E &, AR EACT U, KA 2% (Luetal., 2003; Liuetal.,
2010; Zhebentyayeva et al., 2012) F&H R LIE T EIL 7 FIEUE. Liu %% (20100 AN H
U XA GHEAAAE R FE 2R, AR A R, BRI L R, mEA T
T, FHEH %M. Zhang &5 (2014b) XA EAESHER 93 AL S #EAT SSR Arid i kB,
PO b DAL X A SRR AR B A A BE— D0 AL A A AL B A 5 0
B, FER 3 s JE A 7G G4 A A 5T PR i 208 2 1A e 2R TR R B 2R, HE PR AL £ e R
X3 AT g 2 b AR S B AT 1R O (ERCE 5, 2013). SR, H T3 78 o [ R Py SR A
ARME I X L R CRLAE 7 SRR B AR AR 2 13 D9 B IR I B AR A RHIE 2 4 N NI B SE N3
WA A1) (Luetal.,, 2003).

JOEEAT RS M ) AR ) J AT A i, (HORHE S0 27 N A A2 80 22 20 2 AT 2 b M oAl
HUX, 15 AR AR I DX AR A (R A e, DN A A b PR T e R A

3 IR RV

3.1 MRZFRITFNRECSZOMEREE

N T RS BT LR A R AR E R B VY, R E 20 D 80 FEATH USSR ] g A Fh BT B YR
IARF, 1990 4F | H B H R R AT I CRBEM SRR RGART) GiE 1H, 19900 #Esh 1 E A
PR BRIEVEN TAEM R . (B2, BEE MRS E TEZPIRAN, MR T REME 8, F
IR, 5 B ] P A 5 PR A P o B SR R AR AE — 8 BB . FEZR G [ N AN 5 B U EAN A v 1Y)
i b, 2006 FH “ 2 ARV BIEED RN BT SR AR AR B B S S LS IUH B AR
T AT SR IS RS AR ARAE Y Gl R A, 20060 — 15, 1 5 SO E SR AL T
CRAEYI MR IR EH AR - &) (NY/T 1306-2007) (X %5, 2007) CRAEYI T AR % 5
PEAERTE A5 ) (NY/T 2028-2011) (X% 2%, 2011) F1 (AR SIEREAMIE) (NY/T 2925-2016)
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(R 55, 20160, AR BHIEIFM R ER AR T MBTa L, WAV BARF . dEmEFi T
Ptk BAEIESE (2014) FIFH bRk I BCER MR PP B0 8 SR 2 Il 2 s R 4 o 5 84
F R, W3R 2 FR, £ RGHIE SRR Z IRV SR B, SAKCTSE (2009) A E 5%
TPl T RE T 2R IO A, DL S SRS IR R /NI BB D IRV (ILDSS) i, ik ARl O
TRAF @A WL ORI S T e b [ 7 2L X B A Z AR AR, DUBNERAR 2L 3 N 0 A
DX P A= Pk 5 AR TSSR bR i) gt BT 98 B A5 A% O B OBURFAR (X8R 5%, 2015) . Wang 55 (2011)
WRYE CPEEME - A8 GRInZEMsKE], 2003) ICEH SRR E 1 501 434 % I8 K 48
2 10% MV Az R, SRJEFIFH SSR 43 FARcl A5 4% 0o M i 45 42 120 43 (Zhang et al., 2013).

®2 TREERUHRAERIHE

Table 2 The composition of different core germplasms in apricot

AV et HE IR He 2 BURFAE E= BN
Type of core collection Data source Number Composition character Reference
U I AW R 0 o TR 111 41t Northern-Chinese (43) , PGk Northwestern (16) , 7 FHKF
Primary core collection in Investigated b Northeast (18) , P Southwestern (14) , #4<Fd Southeast %%, 2009
common apricot data (6) , A4k Exotic cultivars (14)

WL Core ISSR #7id 31 FE W Huocheng county (20) , #iYR+L Xinyuan county (3D, X4F 5%,
collection in wild apricot ISSR marker UL £ Gongliu county (8) 2015
AW A% Lo T B ke 150 fif £ Fresh cultivars (119) , {=f Kernel consuming (10) ,  Wang et
Primary core collection in Bibliographic 275 2 Inter-specific hybrids (9) , M F K&K Ornamental — al., 2011
apricot data and rootstocks (12)

A% LR SSR #rit 120 i Fresh cultivars (96) , {~ff] Kernel consuming (8) , Z=  Zhang et
Core collection in apricot SSR marker A5 44 Fh Inter- specific hybrids(7), W % K fili K Ornamental and ~ al., 2013

rootstocks (9)

WAL Z AN TR AR G AR 25075 S5 & (R BME AR 7 5 % BRI N
&R . BEE D TAEVERERIRE, ARZEEM S FhRc G 7ER 8L 2 FEmEm 7R . H
XTEEA R 2 15 VB BN R R E B, 7 AR IE b S i S [R) B TR R ] (R AR R R
TRCFAE (2015b) I WA [ S50 A8 S AR AR DR AR REAR AL, A SSR 4 FAm it B s vt A 44
RIIE] JL ST A 58 R IR, R ILEWLPEA A5 b4 ) 18 A AR ) (1) LSO R INF, BT e B/l SSR &8 A A48 7t
BOGREARTA RN RS BT FEN Y = 149.5In (X/12) + 200.2 (Hrh, X ANREAR KN, ¥ NZELE
BRHO, HAHKMER 97.5%.

32 MRFREESHYEE

TR (1998) YONHEA & A K5 LA Fp R FMEESU A B B 2 5, W E. A
AR E B R . Arzani &8 (2005) KL 11 AMBEARREE A RN SNEESCH, 4 S e S H A
FLORZE SRR B, WS G TR AIE A2 S 50 AN () 4 St P ) B B4 . (R BRESE (1994) X 36
B A AR B AR T ARy EAT A FRAR LR, D IR 0N T35 45 5 7 5B 1) A S AR S ) A R R
AKX T B b P [A] 22 7 50N I )

TERIH o FARC S e AR IR T, REORERS AR (2003) X 20 AN S FPEEAT 04T
SO ‘A EHa SRR, RS EFS R T, BT 20 NSRRI RAPD
fRaEnE, HAE—N5IERRIE 10% ~ 70%2 0. XIEAESE (2005) H 42 N5 T 12 4
AR ISSR #5401 . Krichen 25 (2006) il Bourguiba %5 (2010) HLAK E AN A X )58 J& 1t
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A5 PR R AR Z R, AL T R B WAL SR B S B . SIS TR EE (20140 R SRAP Frid
SIHT A A S AP I I8 A% 2 06, AN Med-Emd 519 0] DU TR 24 i Z A A e SUG R 245t
SLFEEFE (clonal selection), HAYE TR R, & WICIHE BTE KR AR th i 200 R Btk (RO,
oo B R SRR T RAE . MIMORZAAE S (E# 4, 2012), M E L L, XM RRET
H AR R A R4S (somatic micromutation), {RMEZFEATIX 4r. XEAE (2008) FJH 22 X SSR
TARCREL (C210-57 HEEER e EMET AHEL, {XAE CPPCTO3 ALgi b4 T R4,

33 S ERBHLEEIFN

R TR AR (SD Y, HEAREMERBALT LG6 HEHHE [ S JE R 8 ) 5 254 L
Rz TERRIA Pz s G AS EE R R, BB IR B R R (S-RNase) ALK
F-box HHAEKE (SFB), XHAMIERIE S 7 FHRILH E L&, (HA % SFBs KT ib A
% (Zhebentyayeva et al., 2012). HAZASERIA G FR T EEREIC && 5, 10 S R4
Je PRI PR IE TR A B T A

HAT% A S RN 7 iE £ A 2D-PAGE HLiKAGI, N [E] S RPAEAE 85 (3 5 R 2 o 25 A
AT EMNZER, UULFIH PCR 7 HFBEX 754 F S-RNase 1% H )T 512 57+ . 4], Alburquerque %5

(2002) 7EHh A AL S H XA R R BRI B 7 A H SR SE RSN (S, ~ S7) 5 1 ANERFE

MIEEALFER (SCY. $:%, Halasz 55 (2005) X AE AR KR A IE St Bl ksl 1) 9 4S89 S-RNase 55
PLFER (Sg~ Sig)o HEA S FN S-RNase FEALFEFAEH FH, Zhang %5 (2008) Al 16 £ EH A & Fh
K] 10 AN S-RNase Z5A75E K ; Wu 25 (2009) SR BT 8 4> S-RNase 2547 K 22545 (2012)
FE 27 43 B SRR LRI 2] 19 N AE ) S-RNasee S50 36 R, Hodh 15 MEWaEf iR . Bz, 78
Hh RS AR R R 2RI E) 50 £ S-RNase S5 FE Rl WO ) SRR EAG IS 21 4~ S-RNase S5 5
AL, o 20 AN H A E RS

16K SFB 3[R 5 S-RNase F: KRB E B, W4 15 3 [R 7 91 12 4% [X A7 16 36 A 1) 22 A5 7 - Halész
2 (2007) A EIERAMEIER SC RATELEH SFB HLf5H (SFBy) AT 358 bp F B AN A48
JErHER), FFIAN SC-RNase t SFBC JFPHIFAER Z AR 7. XIA S (2011) 7E 18 ffras fmfhrh
LRI R 12 ANF ) SFB S5 A7 3

3.4 XK ELE 7 BIITEN

3BT RUARAA 5T (A R AP it S S R A5 ) (1) ZEL 1l A2 SR it Jo = VP AN S 78 AR FH 1 27tk - Tang AT Jennings
(1967) IR MBKIAT A “Blenheim” SRsErh oy @ 15 Mg AMEYIBT, M5 HAbOT 78 24
GEHZMERY, A B - BDEA y - + N ERSE RE R ERE 8. BREERSE (2004)
e Sfrtthed” Fno g Rsph BRI 74 A0 72 FhE SRS, NS EAEZ S ER AN A A
FRZER M E BRI . Greger I Schieberle (2007) AN R FEHA A 7 2 5 WERE . BEAN
MRS . IS (2009) M 6 ASHIRA A it 40 FpAHE S, (RSN & BAAERCRZE T .
FIUET5 5 (2016) IASIERE. y- ZZAER. 0 - T NBRLL IR EE . BV 5 22 Pt ek 1
ey RS HFER . Zhang %5 (2014a) AT [ AHIMAEEC (SPMED) A BT HIBORFE 85 1
e [ 77 4 A e LA I B 156 A SR, Horb 62 FONTE IRIEA RSN B A A 5T sl
BIAE SN 39 FhE| 85 FASE, Hrr “EREE M CRFBAR HAMEERZ; TEIEILHTTA
an A A S R, T PE R B XA A T BRI B R A BRI L5 TR, RS R EES
VIR IR RIS, E2E. BCRAEREN G AR, BARESHENESA? ZFHE.
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FREFESE (2006) KRBT HIKM 10 A AR Sedh o BiEiR A 4y, 558K, A
I3 B R RE S AR A ) 22 R EOR, IR AN RAF], vl Sl S A A B B AN S SR R 1
X KIS (2010) (45858 SKINITZE (2009) K0 7 91 433K B ASE H X (R A5 F s 22, &5
BT, AR ISR R TR, 20 74%, HUCHEERAERE, HEEADEL
MR AR ZHFP PR SE A HLER I £ Z R 2R R IR, 2015 66%, HIGRITIERR .. BRI M ZE
TR AR DR I RERE T 55 B m, AR TT I BAC s S aMFdoT 0 4 0 B A0 SRB P38 & &Y
By, SHEERN NG AR X R R SR R R A R S B B T A X R E AR
iy XA 5T A SR ST IR & 2 3 e T AR X

3.5 IREEZHMREHAGATEMN

SFARCHE T AZH B WA R A B s 2SR, U RN 2 R R
R AR T B Thim% (20000 % 43 NS AT RAPD §73, &3 RKaH A, &
Pl ) R I R A B Ay A R I, AT I I A5 B ACT . de Vicente 55 (1998) F|H RFLP £
AR, X 52 ANBRIN S ACSE A Rk i FP AT 7% ZAEVERT 7T, 45 SR SPGB IF R i b R) 2R 30 HE R
IR AL Z ARV, YO Zh XA CE RS A7 AR B T r) 5, AT FRAIS T L8 4% 2 7 . Hormaza
(2002) K SSR FRic XA [FIHhER R PRIV 48 AN S A AT 08T, @I RBLERAE, KZHEENM
RIS TR LS8, A WIS . Sanchez-Pérez 25 (2006) FF] 17 4 SSR Fric i T
oK WA S B SR R A A P AR N I St 1 A S 5 5 B B 385 o 176 B 5 5 5 b ) st A%
T TE, WAL TT SR AL 4 & EE . Bourguiba 25 (2012) I SSR Fric 04 7 207 4
Ay o i X AR SRR 2RI O, WA AN R 2 M X b b e bR A R I AR A R
WAL Z REYEE RWrg /b . Zenbentyayeva %5 (2003). Maghuly %5 (2005) F1 Pedryc 25 (2009) X} 6
AN AR S MR PO A S FIEAT T AR Z AR VE T, DN IR RS A ol P 32 B Y AR @ A L
MoK, AHARRR: WA RAAE R 2B, T EEIE OESYIME AR TR KIEH .

He %5 (2007) FIF SSR Xf#rs@ AL 23 3 ANEF A M0 A5 VA B AL S5 kAT TS, RILZ
b DX A O A TR CRRR R R B AL Z AP SR IE T 14 AN EFAE SRR EL 2R, A
R BRI S B AR A AN [ R BE AR R IO R (228 2%, 20160 (] REHZE (2006) FI3tJKF1%%
(2008) 73yt SSR. AFLP Aric s, W NE ARG & BA 5 1L 2060, 1M 22 45 X Ay
s AR 2RO FE R, HENL AT RS BT AR A BB AL TR . SEIRAIZE (2008) #E— BT ANH]
RSB EA 2R, UONEICESETE A S 2 AT RO AESHE Chraam 585 M0 ARG
AEASTE, AT EMMGERL T 9 R IE T B vE A AL IR X E RS A . TkIE % (20100 A
17 % SSR #rickt 66 Uy @A (SF 46 HEILAESEMED AR &I HEAEGE (0.68).
TR (2013) FIH 21 %F SSR 51404} 67 i Hedb A A1l A 1 35t 4% 2 FE M FOBEAR S5 R 40T, A
AL A S B E A B 2R T AR SR E A R CREEHR . T E.
BRVE AL PE2EH) @A I 2 A G MWARILAESTEFR LB TERE . LR JL e e B X
PR IR A AT W R A s AE . R T AR I SRR K, Zhang 28 (2014b) YN EILAESEE S KL
AEASTEL R BEAEASTE DL R A AR S I B BEb 5 SRR A A AR 7 S R AR AR A B2 R o R ko
SUbER, AT AN 35 X B R i g A SRR, RS TWs A8 S IR R R T & A 107
(P. mandshurica) LA (P sibirica) FEFPIRICESEERNSEW (P mume) FER IR &R
[P Sy i
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4 AR BRI G0 HT A

4.1 &M, SIHERMHMNEZEFA

HEHFEEE, HIEE MR DRN . R RENEFWEES T R, BT 20
PRI B A B HE R A, R Cak Al A1 CHEERHRAY, HONM N &
CRRENREEA, WK cERa A ybaer, JbE BRIEE, AR Cafit” UUEATH
Akl EEME . C—EE . AEm SESESHXRKEARE, BSO8R, e
T E A LA

JE K, BEE E NSNS BT AN B A A G, — b 5 A 1) [ A e R A T 46 7 ] P R
e, XK BRI B SRR . B diiE . RINBEEE K, WHstER ISR, ARSI 2
AT R B, 1991 FHILARE BT AL E SR B (BREE, 2000 fl ‘4K
FH” (P %%, 2003).

42 EFREFSZEREF

BIRREM, BN B PR ARF A E L R Ak (D). FERKIATOI B ARES T R4
M AR BT AN R, A SR ST R R L T AR (R SR, 201200 TEA IR AR RS F 1,
XA T A AEARES R R SRR AL R AR PR R A . B, I T R EERE SR R
LEBEEM R EE 6 MRS R, @ 25w, WhimEd B M FE0 AR
Bl Ol 25, 19990 LT BB FEAT AN R PH ZRAR R ik & & B AR 1Y ‘4% Ay (H
IR &, 2007).

S AR 1 oo A P TR B VR R A R R D, R S R LA T S AR e R AR B TV 2 R
A, A AR REEAE AL EATPE M e (B, 1996) FIfE e EMET EAT
T AR A A B A CREE 157 (BEE E, 2010); BIRTLA KRR 25 b
TECSURIAY” SEAEFE AR AR Y Tl B A B DR ) Bk (e 2, 1996); b A K
FERWHECTE CRF AR A GRS T Bs” G 5%, 20100. 74k, %k
FRE WA ARAT N LR S FEARTEREE B ERE7R FEL 5% 5,
20090 A SRR 777 CHBE SE, 2014). Gl ARk BARESE 7T A S A AL BRI,
AT TEVEA Bt O Ay it Bl B K s i i PE e
43 EHEXZEM

N REEMEREHNEMFR . BATREE N TR EMEDRM, H4E& A
PAHIEE BT ZRMF (I 2, 201D, HElCETE R M E RS AT M.
WOH KRBT, AL B, <208 ARARE R T BN T A A 30k G
2P 4, 200205 dEETHARMELEBEMM R FLRTCL KRSk NBREA, A NRARE R T
RS Fady R (ERE 5, 2010 PUAH B4 x ‘SR REFEMM HE 2
5(EEM %, 2014). Fan, SGEMBEKEEAR B ILRRVRFETH Bt el < ‘a
i) (R2EAR 25, 2001a). “UCRPLET 157 CHUE x “Hrtad’) (FR2ER 25, 2005) 2 R7
afls ILARERM TR WERL 15 M LR 1 5 SR CATEE &, 2002,
2003). FAHh, BXTEE (2015) EIEFEHIARZEMEE HE NN T EHERM &5,
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TERR AR S B R E bR, T EA M LUEE LR T e e . SRR E
FERELE, HUGERA, H3E B RN AN E SR (FR¥ER 5, 2001b). #@idix
20 SEAT AR E , TE R IOR 2 B PR AR A . RS AL HaE, REEE M EX T “I8
J 7 IR S B AE R b, AR VEE AN RSO TR AR AR S R RE e . — it
A E AT A R S B G NESR, HAMIZE . ARSI R . R MWE SN G HER
an PPN TS, (RS PR, RRIERER 2 . Liu & (2012a) $2& H A 700 R b
5 E A 5] A 4 22 0 B 0T I s B R AR (TR “ West + East” BIRE1R) . 7EUL BB
SN, UTEENEEE AR EEEE CERE GkEM &, 20100, ‘EHE (FME &, 20100,

EE M CCEZ e SRR

EESME B R, BUFA LRSS E MO E 32 22 DUPUE R AE NN B bR T R AR
(Zhebentyayeva et al., 2012), Bk 8 AILIES T IE &M H IR 2 ELPEN . WEHR. =
T PE G DL B P38 B MR 5 ) i PP (Bassi & Audergon, 2006). Bl 25T A 2B X I AN b & 4,
Lk B AR BU L LIERE (4n, SEO. Stella fl Goldrich) B R FR#| T 4% & Fh B o5 Ak £ .
b6 Bl BT SRV B ER N, B AN TF AR R EE AN [ B AR AT L Ll A A S B T BT
JEAFEL (Soriano etal., 2012).

4.4 IMHZHFIR

mEZ RN BB ZRE KT IELER b EZ RAARRE@ERE M) P R 5
Ao EKIIMFRRER S, 2 EZESEEN T HRF MR TR, W M R
Mg BB SH TR, T A AR B RS A R L SR RO AR DL R
JE R A RS RE A, RERNE MK Zaiger BUINEEH KRR Bl BRW A IR
5 Ak 2R R 2838 AT (Topp etal., 2012). 21 4047, X6 5 Ak o B AL R B 2 5 b
WEFL OB NBNE P KT . fEEWN, ZR855 (1995) %o [E 42 5 855 Ay Fi ] J2 A2 R i Fi
AT T BRI AR E B FH LR 2 el i 2. ARG RAEF H 4hashy” ER
S, 1999, ETEA M SR, 2000 MOCOREETA (REE SR, 2008) FRAMF, AE
FEM X A R BEIRAE 7@ B H AN . Yang 25 (2004) XN AT A EMEMA G MIRE T “=
GBCR” WA FC R (DL E SRR ER 5 AR A A i R El i P E BEAS L e Rh A Mmoo 3 5 B AT I
ol EREFREE IR R S 2 M BRI, JERIHIRAE T RS < AL bk x BHE
RYNVE LG FAE IR o AL R R 220 A B R bk (P amygdalus) 5 VAR RN KR
BTG AT, Wikl ‘515, ‘2% M ‘535 LB BERTEANN
iR, RIS T AR R Ak, TEE AN S A A B AT A Bl AR AR I R
51 T T A b AR 2 B 38 1 % B AR B Manicot GF1236° A1 “Clone Canino 9-7 7 P A fifi K
(Zhebentyayeva et al., 2012).

5 s RS

51 MR FIR/EEFN AT A

A N A2 2B OO A SR BT 5, (H R TS e iR BB AR e 0 A 2 4 I
R, AR RGN H X TT R E VFT. a0, PPV R (BJEiEE), {AFK Sharka, FZMAA.
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BERZEp A, MEE N 2 SEIER, nE ST 80% ~ 100% (Lalli etal., 2008). E AN
PRI B (PR B A R AT TR S 8, @ I 22 & P E Z Bria 22 K13 08 B3 B 10T S Flep
(Soriano et al., 2012). Zhang %5 (2017) HFH 5 HIZ2=E0 B % EH 73T Fricxn o [E 86 4345 it
AT THIE IR, RO ESR T E A DG AR RS R 2 (WA SRR DR, (H RS 43 AR A ot ol )
PRI 28 55 L B S R AR TR, A7 (B U . AT, [ A & P 2R AT B A

52 ENERMREVRENT SHETEN

REHEBERZIER. L5 R H SRR R EETEIR, 22 A HER A5
FILFEROMT, ARMESEAT VR 25 AL Mo WRMOR B A BREEME, RER il e 2 A B RR
sAERR, WRSARVEAN B AT REBONMERG . B, A& T FAERMW, Z2iimtis . Ty stk
e PUMEAR dh A2 A MU BRI AN 5 BB A I — DN AR ST . RO e 2 HHWwE (R
RIKD) S CEWARUR) JEREES, WERE D BIVE e BT A, 15 B 216
MISEF&R, AT REE A PUML AR BT TC I — D EE DAL

53 XERRHR, FREGMELH

K 5 A2 o R A RO BRI, SR IRE M E A T bk (4, SRERAD, Hiia®
SREFFRENE e KT (Liu et al,, 2012b). 4810, [ Py 78 B A7 HAR D 8 X T 1HI ¥ iR
BUBTHE T, AL AL R AL 2 ﬁﬁjb&m%JFﬁfhiﬁktijCE%ﬂ‘ GORSANETH 3 A 5 RV AR (W
mégzmn FiEh, AERTACTIRA T, A EA B0 RPUE, JUR R S i SEITgom it

P28, BIER WA ERR R B, AR AR5 8 A 10— A T
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