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Academic study on ecological variation of traditional Chinese medicinal materials
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Plants Development, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing 100193, China

Abstract: Ecological variation, ecotype differentiation and formation of traditional Chinese medicinal materials (TCMM) are the
results of long-term ecological adaptation and natural selection of intra-species in different environmental and ecological conditions
expressed in shape, physiology, and biochemistry. Intra-specific variation is the essence of different quality and efficacy of the TCMM.
Due to the complex and diverse climatic and geographical ecological conditions in China, unique eco-diversity of TCMM has been
formed, which is characterized by multi-local and multi-Daodi TCMM. Ecological variation and ecotype classification have become
an important scientific issue and challenge. This paper gives the definition of ecotype, ecological variation, and division of ecotype for
TCMM, and summarizes the progress related to this field. The ecotypes of TCMM mainly include climatype, geoecotype, synecotype,
chemoecotype, and genoecotype. The key problems in the research of TCMM ecotypes are to scientifically make sure the taxonomic
status of intra-specific variation, ecological characteristics of TCMM ecotypes and the determinative factors influencing the
formation of ecotype, correlations between ecotypes and environment, quality and hereditary basis and relationships between
different ecotypes. And also the research thinking and implementation strategy are also elaborated.
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Key problems and research thinking in studies on ecotype of TCMM



° 1254 -

¢ %% Chinese Traditional and Herbal Drugs 385 43% 78 201247 A

3.1 ERPAMESBER D RERR

SR AR CRAF 2 A ], (HAEAE
AERI T 5 73 BOAFAEA R R, & — A%
PRMERGE— ()i f . Stebbins 52U N A A1
PRI A B A BRI 04k, BRI  IR S
PN, A= BA 7R AR R B & 2 5,
AR ol 3 B AR AR T A 22 3 R0 (1 - Clausen™ A Ny
— ANARPE A N AS T AN RS, A
T—RAESR. BEELT, BT ASIEEYIE
NS5 U AR BT R, AR B R B, PTG
EETRE S X 4o AHWEFIRANHE, $iaTE g
SRR, MO AEZSETAR T, 2R A LA (s
AR RIMWAANELR 7 CESRART) RN,
A RN B, MR e (BREEARR) 1
2TV N1 A3 53 v R s VA 2 ] P ol e Y
A7, {H Monornos W74 UK 55 B A= 4
DRI 32 A TR R (M N DX 20 B0 Kl o3 A AR

RREF 0 AR AT R 03 1 R G BRI 4L
B P S B, ey 22 S A AR SR RIS P 4
T2, A7 4 MR HETTE, N
A AR I3 128 A — ABCROBORE 7 F R 24 ) K
JESUN A NG e N e T s N T TS W 7 < N N
(R FIRIE Ty HERAAT, JF B (8] 2 358 A1
M AL —2L, KRS MR 5 1HE -
WAFAED o AT RIGTRIRANR], Rl 7345 FnT
REAN[A] o ARSI S B A 28 T 23 SR AT AP b = ik
ZESEI, Wi Ry ARG, KA. A WA
ESTRNR, ARMBEASTY; ARIEYR A S A
W22 5, WSROy S A DB A AR B A A R R A
EE AR PP AR AR R R T
Py Rh 225, WA ARSI

AR PRI S R A 3 R — =&k At
FHHAR AR, WrAE. g B A
IR HPIRNA SRR, s R Y
Ry BMPRIREE: &R AAM AR E, W
YEIKT S BRI AR AL S G5 M. Ry LY
ZACHR LS 2 AN g — 2 =PRI, RIRURAE
Oy AR S 7N R R TR & /RN 1 DU Ra e AR EZ S AP
T RTER S A T A SRR, RIS
AR FTE L e R, AT 280 08
RTINS ARIRR 4 o R M SR ), BESE B
SRR — R, RLFE S5 G0k M AR RIS,
g (KICRAm . LAk s Bhmd . Bk &g

PLrg . BUE; i oG blrg . BAAED . ARG 1) — KBS
HASE . IbAh, T A R AR ST BT
SRNE R, AR i AR PR AT ST R
H AR = AR AN — 3k

ARSI BRI 3 R AN AN W R N RN 58 3 1) R sk
By BRI ARSI oA S 2 e s AL Al L TS5
ARBRAEA, LI SRR, N1
A AR R SIS, PR e R AR
AFFERIFRFRR o 2544 i Mg A T AR SR 2K
3.2 MNEARRAESBEEFENAR

MRS w X, LA 3 M O
AMAMRENL; OAFRAESEREEH T H
SRIEBEIIANI] s AN AE ST g = BRI AR T
PERIANE] o PRI 20 AR A B RIS, T SRS
ANF RSB R AT S e A, R FR A AR
FRAE S BARRFAE S TRFAIE
320 AFAESEPASHERE  ASTE Al
ARG N I, FEF— X, S AEBE A 2
FEB, BAFEARR ST ATEAN 3 AN ERRETT
T QOXS H 2504 AR 28 10 (10 A2 2508 e X el A 7 &) 23
MR Ko 52 XA, M ARERR
P —E IR, ANFESX 2 B %A
ISR A, ERAESIE B EA RIS N
TCMGIS, 14 AHP JZIR 531 MR RE A AH A
PR SRR 2 M AR ZE T X ™, @%b 2y
AR IX AR IE AT IS . AR AN [
AT 2R HEAS A A SR, DRSS AN [] 72 XA o
AR AR ST AR B T R 2 1) o LA A
i A AL B S T R, 2 R,
Z JE AR ST X PR B K S 25,
R AEAR I ZRAGRFAE, 3BT AN R A7 X AR R B
T DL R SR SRR o O H 24 A 245 284 (1 Xk
TIERFIE R THESE. FIH MG 2 RS 4
AR, M AN ARSI P X () 1 458 5% ) 2% )
AL, BFST IR AR AR s R AR S R 2
W FEAN ] AR A 277 X 33 v () il o6 38 I 1 7% [
ST B ZE e, TR SR YR AT, BT AN
[F) A= 2 R 1 3R AIE
322 ARAESBR S IURGE AT 2 ADNE
UGt TR AR S5 A 2 R AR I o it B MR AR
TEE R I IE . AR BRI, AWy
TE R EAFEAM PR YR AEEEE
PupitE. pridtEss. M HPLC. IR, LC-MS. LC-



¢ %% Chinese Traditional and Herbal Drugs 385 43% 78 201247 A

° 1255 -

NMR Sk il S AR AN [ A 25 18 X
LI ITE P E R A A = AT e b, R
FSCA3 R 2 SRR S A, A s EL A X AR S
RURFE AL SRR SO, BT AS [ A S T A2
JRFE o SRR BN o o3 b 55
BAH >R BUFR S TR AR S B =X 24
MR ARG . WA 5 SRR AT 20 BT
HXFHRLEM . Fom. ERAETRE AR,
AR VE R R R BHMEREEEIR T
RGBT S, A R ARSI T 2
W2 S P R S LR ) 2 TR AR AE
323 A[FESBMBERE AR DLtk
(17, DAFERROG B Ient, h—e LB, K
B AR ST A 2 PR A R RIS A IR 25 . bR
WEERIAR AL R AR . B TR AN
2, 5 AR BRI & AEAS AR A S, —
FRCIT s Mbs I S PR A S, LIS AL AR A
AN AR A SN IAEIR B AR K EAF A 2%
S, AR R ARSI R 2 FHLE, b T
FEFERIKSE EHH RN OREST . 2 b 0 ks
KRB KA ARMN Tik$E, EN 7T HR—EEX
() ESREATFIAREE S5 AT, AEEA B RR TGN 4
BXPFEAPER, TEsfl FATE R R X A F)
FEFEAWISF R, X+ 52 2 BRI 50
YRR, AR XE R e TR AESXAH
FIEEDRRE  PT LA 3 AN T 705 : O T AFLP.
RAPD. PCR-RFLP. DNA #4284 5 Fhric i
FGRAMIT. M DNA 43 F/KF SR 4
BRI ARSI 2 TSRS R Y 2 R K
o @KET SSR. SNP %547 F-bric s AL 73 L5t
I DNA 73 Fhic SR 5 6 R U IR A 244 21
BRI ERERA AT VPRI S R 5y . @
T vl I PR R 2R IA 22 . KR B
SRR s AR AR AT B - R IA 0 0 M o kXS EE
AJ AR A DG IR 2 e R R N (R 0k
OY KL IR IE . e 22 ), I RIRE
i v LIS BIRE S R QR IE 22 5, WA, RO
FEBAS A AE i TR & 48 A S 1) 22 S IR I L [N,
o7~ i 2 RSB U AL
33 EWMHEXMEMR

FLFE N 3 A ZIRIEAT : — RS S IREE R T
IR BE SR A DGR R SRRy
PEZ AR DCEERF I s = SRR R AR A 20 2 (] R AF O

PEREFT
330 AEFMEREER T RER SHE IR
AHRHERESY ARV — R BRI &
PERTE R TRRE, b5 R DR 2 AR 2 R )
BARSEA, 2Ry MVIES . MRS
SRR AR SR S AR . BFRAESS
M RAIVEAR . BRSO AH SCHE LA GR PR 2
[ AR AH DG RIS A7 B T AR 2 2R () TE A 23 SR 45001
K 1 5 A0k T o 3 R 2 2 2R 1 [ R 11
A G 1 PR AR S A AR R, FE T KPR R
T ARV AT s AR A o it [a] F L BE A2 25
PrERAT, SRR IR (38 N OB AL, BT
(0 A B AR AL I R BARABL, P 5 1) PR AL 0 gl bk
e [7) T A S DA LR B IR A 2 AR AH AR I« Werker
21881 90 T 1 5 Origanum vulgare L. 3% M4k
SRR BIIRR, KIURE N 51 R
(B B A OG . 3 R AR ) e A 550k
ARSI M A U T C I = A AR E AR A
HATHIIL, S5 RANFD GRS JE i E B8 1
(R BT I A G
332 HAENREZRIMA SR ARG
THa R AR R AR O, PR A
F BRI TR CHE, WO ER . AR S
L 2 (B AR OCHERT ST . SR T A NS
A B S AR OGRS, T SR A DG
M R o T A 5 1 R IR S s N S )
TSN T, &SRR T NS BRI R,
Vit 2= SO o e B B R I A R G 1 X
SNP 5 H R E AR, R T Sad st
FFRAH O I D e A 2
333 ANFAESRLZE AT ANFA AR
TR A AR KRS = R, {5 k) B
TER, XA ML, S fInmmrE
R MRS K R ISR AN A AT R 4 LRt
G, RICRIESR SR, NEAESEM. &
NSRRI BY = 1 I =918 i =T 7118 VLK (IR /1 W K .o
SEPUTERRIL B SRR LA
4 it

ISR I AR S B AR AR R I8 N IR 1) 1 2K
privt = Ui e R A 7/ (5 S N 1T Rt B = 32 X VA
RSB AR Sy, SRR S R T gt AL A% e
INEEMGAR 2 ANT71H . s AR A B B 3 R 1 h)
Aefe U, P AERSE G, ATREZ AL T



* 1256 -

¢ %% Chinese Traditional and Herbal Drugs 385 43% 78 201247 A

) F B, A n] Be 2 AR A I - 5 A et A A
FILFEmRP, e R R A B A itk
XY E RGN, (RS SFAAPIRES = A e
J7Hl, — H PR 2 FRAR K. 2011
T, Science R T AL AHWAUTE I+ Arabidopsis
thaliana (L.) Heynh. 5 A 2500 B 1 0 ot AR SRl )
EE WPETPRYEF . SF2A. ok RN E e T
BEAT T B4, 552 T IR 5 B KO0 5 3
AN IR SR HE DR 3 AT ) 5, AR S R £ H Ry
TiE, FRBN T 505 B AH G R RN 35 (1) S5 AR
R, A T /0 N (900 e I R DR R, 3 Y

R A5 M B RS Y 2 T 2 H O Y g
1 [94-95]

TR RS R BB AN VAT IE AL TR Y
Bt, HHTMIE AN IR, NS5
WO YIS AR, T M
H2E TAE ES R 2 ERIR R A
X RS TIRA R GRS, ARYE 38
AN S U A S B EAT B2 R0y, IERIESR A
ISR ARSI ut A Rt iR, T e
ARSI IR DA 1, A ) AR A A DA
50, ANITATIEOE RAEZS RS Al WA TSR . 51k
ISR S B PP FUIEA, (RN X TE 3 24 B4
GUs BEYOH KRR 2y B0 Al R AR R AT
RIS X

S 30k

[1] BRLAk. W28 5 R AW (3] g,
1988, 19(8): 40-41.

[2]  WRbdk. HpEZM AR
AL, 2011,

3] XEE, BRI, WiE4A, 25 WS8Rl
J& 7). AR, 2004, 23(4): 365-369.

[4] Odum E P. Fundamentals of Ecology [M]. Philadelphia:
Saunders, 1971.

[5] RELUR. RHTFARERBRHE S W E5T [D].
Jent: HEMOLRFE B, 2003.

(6] A NI, HEHE, 38, & BWRIELLEST
SR BN A 3] E R HE Y, 2003,
29(3): 38-41.

[7] AUl B, X 8. WSS UM AR AR S R
MW —— X3 [ NSl RS, 1997 (3):
9-10.

[8] BPMEER, ¥ =. BAREACTRR IR [J].
%524, 1998, 29(4): 264-267.

EEERE M), dba: B

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[17]

(18]

[19]

[20]

(21]

(22]

(23]

[24]

(23]

[26]

(27]

(28]

[29]

W8, Taise, T W, % EAEPEHEHESRS
FEHVR G T R ORI (7], PR AR AR,
2010, 23(2): 519-522.

Huang L F, Xie C X, Duan B Z, et al. Mapping the
of high
Artemisia annua L. (Qinghao) in China with a geographic
information system [J]. Chin Med, 2010, 5: 18.

TN, RN, BRI, REREE T EFERE SRR
AT B MRy 9] Zh o eEIR, 2011, 46(4):
472-478.

WERAE, BRALVL, (@4, %5, Hiw & RE S RS
F B AAESEIMTS [J]. N E G, 1996, 7(3):
178-179.

Wl « ZE. ARNH (A4 M) dbat: ARTAE
HRAE, 1982

H /N 2 TR S R AR RS AR R (3],
24,1989, 20(8): 42-46.

2 W, TRE, B/NE. ARRASTH R A ST
[7]. PEIEAE2EAR, 2006, 26(2): 367-368

AR, B, KR, 55 5O R AR S T
7% [J]. HZ5HE, 1996, 19(2): 58-62.

AR, KR, 208, 5. R i =R AR A 2
FOKIPIRIL [, P21, 1997, 20(7): 328-329
K2EE, RATL AR M AR A T
B RPUARY AR [J]. AP ERLZAR, 2000, 26(6):
476-480.

EERE . AR AP R AR & R 35 Rubisco & 4311
ZBOM [D]. 22 MK, 2006.

ENRTE, BRI, mkAE, SR ORRI AT B R AR A
EWPAMAL RS I PHALHED AR, 2004, 24(2):
193-198.

FEIRTE. BT cpDNA 3BT UL HHh X 4 Fh AR 25 A0 A
EREREGREFR [D]. 2EM: 2ZMIKE, 2009.
TR, DUFP A=A I P 4584 Z FEPE & PeTGD AEWIfE
BT [D] 2EM: 22K, 2007,

A g TG R TR DY b A A O T R AR A 45
13 TR ERTSY [D]. 220 22 MK2E, 2007.
WOEE, B OCP, REXN. PEBUNAESE. 2%
KAHME (7], YEPIanFh R, 1995(4): 4-8.
Tk, EME G TR S SRR D).
DG el K2, 2001.

BEFBRL. AR ARSI EE 2 TS D] b
i BRI RE, 2011.

FRbk, BMc, £ 3, 55 IR AR E 2 B
ST [J]. REH 2524, 2003, 28(5): 398-401.
Rovesti P. Essential oils of some chemotypes of aromatic
Eritrean labiates [J]. Pharm Weekbl, 1957, 16(23): 843.
Peter T D. Infraspecific Chemical Taxa of Medicinal

potential  distribution artemisinin-yielding



¢ %% Chinese Traditional and Herbal Drugs 385 43% 78 201247 A

° 1257 -

[30]

[38]

[39]

[40]

[46]

[47]

(48]

[49]

Plants [M]. Akademiai Kiado: Budapest, 1970.

Mann J. # 985 KAERER M]. dbat: BHEEH
Ji AL, 1983.

PO, VLR BIR SF5E (] Wbk b BHE,
2003, 12(2): 124.

FlEBa, 7 A, OB, 25 BRI RIS R4y
[7]. HY2EAR, 1989, 31(3): 209.

FROAR, TrEAs, TN, S b ER R A v s & L
RS [T B mrRH A, 1997.

TR, MRk, BREP, 55 AR R R i 3
BN AT M AR 7], R RIS RIS AR, 2008,
17(1): 24-27.

TR E BT, BRAF B, & R AR I g b AR S AT Y
[J]. FHD TR S FE A2, 2006, 15(1): 22.

TRE BT, BRAr K. AFEALEBRER RAPD 44471 [J].
YNGR 5 BT 244, 2007, 16(2): 17-21.

ZytMg, SRR, REE, % AFEAEIR K R AL
FUE 3T RAR W m [1]. b 22435, 2000,
34(24): 3251-3254.

Echeverrigaray S, Agostini G, Atti-Serfini L, er al.
Correlation between the chemical and genetic relation-
ships among commercial thyme cultivars [J]. J Agric
Food Chem, 2001, 49(9): 4220-4223.

FEotaz, TR, AhDUEL. WAL RS S 4k 2 Ry
[7]. DY 2EREST, 2002, 20(1): 75-77.

RS, V5 B, WeetE, AF. AEMAEEG A ik
R A [0 =T, 1991, 13(2):
219-224.

A, FER, G, S5 AR
[0]. FEYH IR S B, 1993, 2(3): 7-11.

O, ko, AL S5 WIER A B EEST
[7]. FEMEEAR, 1992, 34(2): 302-308.

FEdbaR, 1 5, SEEE. AR B KRR e
[0]. FRERALS, 1996(1): 17-21.

FROAR, WA, TN, S5 b B E R A IR A
TS M]. B =R AL, 1997

DAEMG, XIEFE, R, L TEFNNAME K
7R SR LA R AN oy S [J]. 295t E R,
2003, 38(4): 307-310.

X EHE, DA, WEL, .
KA BI AR SVE AT (0]
304-308.

TAAE, M, TR, 5 EFERMIFEE
ST R AR AR SRR (7], REEZ, 2005, 36(9):
1302-1303.

XURER, JFZRBC W PNHEAT ML 2280 (7], R
PS5 ERIE, 1994, 3(3): 58-59.

XIFERE, B A#, RSN, RIGEA R 1]

IR LR A 5
2yt iR, 2002, 37(4):

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

(61]

[62]

[63]

[65]

[66]

PIg IS IREE, 1995, 4(4): 60-62.

SRR, JEISRIC. 7 I A= A 43 R i A 2 0 A S
M HARETY (0], H IR S, 1998, 7(3): 13-18.
WO, O H, sk &, & LR E EAERIN 3R
Oy O3 HT B AR (1], RIRRTIR R AR A R RR
JiK, 2009, 27(3): 206-209.

W, £ OB, B {E, 2 2 BMbZEAREA R
AN ] B LR A,
2010, 28(2): 147-150.

W, Wb, LY, 55 ROE KRR ZE F RS
YRR R (AR e SRR (3], P 22, 2010,
35(7): 852-856.

FANE, WEET, @, 2% R TAWEESITINE
AR o A8 e S Fe A 2 R R 4y (7], SRR,
2008, 30(5): 770-777.

WA, RO, AR, & AL SRR
A WA SN ZE I AR K HE R AL 2 R R L
B (7], hEAR AR, 2007, 40(6): 1150-1158.
Chizzola R, Ozelsberger B, Langer T. Variability in
chemical constituents in petasites hybridus from Austria
[J]. Biochem Syst Ecol, 2000, 28(5): 421-432.

A, Bk s, TR, SR RIS GRS
AR S B O [7]. 22723, 1999, 34(10): 767-771.
Vieira R F, Grayer R J, Paton A J. Chemical profiling of
Ocimum americanum using external flavonoids [J].
Phytochemistry, 2003, 63(5): 555-567.

I, THER, B B, &5 ANFE=HOBR S B i i
HITH MBI [J]. | ARBE T EREE, 2000, 7(1):
41-43.

TRFERE, R, TOOME, 25 RRFH 3R E T
EERIEEUIR U] NZ2EEEZ, 2011, 22(1):
17-18.

BAETG, BRAZ, fiFEA, 5. 8 2 AR F P
W [J]. 7 ARREE, 2011, 38(7): 51-52.

FRPcHE, JEIREE, OB, 85 AEAARFEALRF HFE
SFELLE [ h R 2 24&, 2011, 36(14): 1927-
1930.

ik 5, Bkokig, RIREE, & BA S MK AR
AR ME ] o E b2, 2011, 36(10):
1266-1268.

TR, A, FEEL FRNARE RS RE
B AR g5 R B LR [0]. R AR 2 AR, 2008,
24(10): 142-145.

O, B BIRE, & ASREEMEHE L
PER ISSR 7347 [J]. HHHEZY, 2007, 38(9): 1392-1395.
TR, BRAH, F ), % ARSI LK
SR I R N RS R LR (0], MR
224K, 2007, 24(4): 325-328.



+ 1258 - ¢ %% Chinese Traditional and Herbal Drugs 385 43% 78 201247 A

[67] &MUk, REAEESM =5 66 EBEFIE K& [82] Stebbins. & H KZEZBALHI T, AWM 5T 531k
ML [D]. BUIH: #riCFE T ok2E, 2008. M]. bifg:  EigRHE H A, 1963.

[68] A, /NI, FalsEAT. v = ¥ = G ogpdk & [83] Clausen J, Keck D D, Hiesesy W M. The concept of
2 0] KILZES RMRBIR (RALERTT), 1987, 15: species based on experiment [J]. Am J Bot, 1939, 26(2):
95-111. 103-106.

[69] /NI, FRIEHE, FAJREEAT. v = ¥ = O 434 & g5ERE [84] BK/MHE, R, DM S SIUIFARE (1]
ST 290 (7] KImgrG R CRIMEFITD), FEA A 2E: 22 2AEY), 1996(2): 39-41.

1975, 3: 13-21. [85] EiFEWE, #h M, B Rk, . i IENGIEAE LA HT

[70] R, BhfE—, FREDY . KERibPh A 4 4 26 BUEX RIFFIT [J]. T2, 2009, 40(4): 638-643.

ST (3] AR EIR, 1997, 21(2): 169-174. [86] Wang M, Qian J, Zheng S Z. Study on isozyme of

[71] BEERE, BhEME—, AR, REEib M R oy A R I it Aneurolepidium chinense from different geographical
AL (3] PEARRNEKZEEAR, 1994, 22(3): 1-5. population [J]. Chin J Appl Ecol, 1998, 9(3): 269-272.

[72] BWE—, 3, FESY. REASM KGR A 5 [87] BKHAZE, AMEEE. T4 i Fp A A Y R L A (¥ W) 3 iy
PERFSE 1 B R R A o K i 25 T 1K B 11 5 Rk E R AT [J]. O, 1993(3): 49-55.

[J]. vEdEAME R 22244, 1996, 24(4): 10-15. [88] Werker E, Putievsky E, Ravid U. The essential oils and

[73] BilE—, #tyam, 7. AR KGR AE SR glandular hairs in different chemotypes of Origanum
PERIFSETT . U5 B RDG JE  R s kA K iy sg g [J]. vulgare L. [1]. Ann Bot, 1985, 55: 793-801.

1996, 24(5): 11-15. [89] TAMK, Z=Hgny, By, & [FJRaixT 9 i g

[74] BEWE—, 3, MDY, KEiih M RSB E 5 R W E R BT o R EY RN (1] P, 2011,
R O[I]. PHARARMREFE R Z AR AREERR, 2001, 42(1): 171-175.

29(4): 55-58. [90] WA, RRM, BRLi, & A2 5AEERFM

[75] #aR, sk ik, BEEE—, 25 KERa P ESTMRE KPEREFT [J]. EAZER, 2011, 31(24): 7551-7563
Frorir (7], AEE 54, 2000, 15(3): 308-312. [91] vhit=, XFFAE, F22m, % T B- AR EeRE S b

[76] MkFERE, BACHE. Wil A M X S b R Az 2528 i SNP HHMERE EMAHCHIIA [7]. hEF
YIS, [1]. WAk Rl 1983, 1: 48-53. 27458, 2010, 35(7): 813-816.

[77] ZEhUE, BEBRHS, BROCHR, 5. AT SR RN [92] BE-LAK, SRANl, 4 5, 2% SEGPERELE T E
FERFIFHBII [7]. T2, 2008(2): 16-17. Wit [7]. PE T 224, 2005, 30(16): 1229-1232.
[78] BV, <, FRAI RAESIHEH I [J]. 5 [93] BR-LAk, ZRaehk. ey By sEa A 0] AR

k23], 2003, 12(2): 97-105. 2HAR—— R AL, 2004, 6(1): 1-8

[79] XAz, B, PARM. FRES SN EPERE L [94] Hancock A M, Brachi B, Faure N. Adaptation to climate
B (7], IR AR, 2011(5): 116-117. across the Arabidopsis thaliana genome [J]. Science,

[80] XKLL, WMl ARZS B A AR B 0 AR A 2 RO G R PR A 2011, 334(6052): 83-86.
¢ [D]. =M Hil &R, 2007. [95] Fournier-Level A, Korte A, Cooper M D, et al. A map of

oA, AR AL R AR 5 P A TR Y
[D]. 787 HiEKF, 2008.

local adaptation in Arabidopsis thaliana [J]. Science,
2011, 334(6052): 86-89.



