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B GECERIME, ALk I 77 T RO (EA o X EE RN R AT — B
PR () WEEPEL R, LIRS A S R B - FILEE (Fh
IR (Darwinlss0) —FHt, (R T AN FERTEA IS YA OB BN -

REEIN T AN R FRVEARIRRINLS,, AR e Aade il A A 51U
%‘fé)iﬁﬁﬁ’ﬂ)ﬁﬁ%@%%?r, (HARE B IS5 MR SRS A TE AR B Y 7 FTEL (Darwin
1875) ©

B, BRSO Z B DAF A R 32 R R R AR B 2 6E 7 A2 H gty /5 1R

(Meirmans 2009) o 3A/R BN R AR E BN GRS TR, (H2 3T LI KR

%80m
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FIUKFRIBRE, EIRREERE)

BIRFA (crossing) RFIEENZ W, (BRA/R CHIEBEMERER kLD /5]
PR RN, OMBIA S A 2 SEORIL (Darwin 1859) o 3R SCHEMI B3
YA A] R A AR YR TR, BT RERAEACECAL 2 A FRAVIE 0L T o8 T R PR
) —MEN  (Darwin 1877a) o

BIRIONEIRFI HAZHE (self-fertilization) BIMRBE, FNEIRML T HIE R
(Darwin 1862a) , fit 98 H G ML IEVIFHVRER B 5 & NG T (Darwin
1876) , XL F R 2 5 RAGLN 1 50 B et H PR A5 S O A 230 ) — e T B B R0k o

8. THTE — W)t TG R R B AL

EEYER - EEBET S (August Weismann) WENYIRYIELE ~ & EFIHFMARBSLER,
MIRHA SR PR o AT BT VEE RN RS TR, MEEE iR
HE A2 BE AL — A (Burt 2000, Meirmans 2009) o HSLX—M & BHF AR
YREAAARY, REERE RN TiX— WA,

e F R 2T (TR Y TS T HOE R, 4 e RIS S 2
OB B U 1o/ R SO B E KRRV A — LB - BUTT S (Weismann 1892) L)
PR 5 R IR o A TS, TR, el e P B A55 0,
388 B g e P R — R 9 L SE % T oRMBE TR, B, 7EMES RIS il
R — LR SRS -

4. FHTN—HIEEEEFEFIHAFIREX GEL IR ERE

FEGTFRIEEFE R T A /R (Ronald Aylmer Fisher) BHRfHHRZEAR
(mutations) G TMAIMEEIG T, YNE TEEFERE ZMEAE TR L AR B st A G
S EREs (beneficial mutations) . NEEEHAERD (deleterious mutations) . B

A2 Mh5R I RER RGE R AP R A AR IR F A (Fisher 1922, 1930) e

7RIS M RGN R, 590 X M BRI ORE R ERAEN, Tik/RX
LR SR B R, B, RARIS, — Rl R ARL R E
BELE A0 B R R (T (A2 SemaRATy TR, T /R PR
IFAREE TR — R A5 (Fisher 1922) ©

— I, WA TN TR SRR T TR, 5% R ER ~ FUGRIRES - (653
— i, AR RRATCIE ETEAOBLE, AN E T MR R TRE IR Fl%e T, K
HINER (asexual lines) RAZIRAENIAMEE, FILNERE RS B HEE
“ANIRRE R, (AR, X MR Rk s AR AR RN - (R, 7 R
W, TelEETRS S BRGNS TN, 42 Mok LIS R (LTRSSl P S0
CREMTEIERRE, BT ARER, HEFEEEHE MBS 4 (Fisher 1930) ©

BT R, X — SRR (G A EE o HUR—Fh | F E DA
ME » JoAf(, BERIAERIZDE X A£G B o AR (U IR, Ttk AR bR % —
BRI E AR EEA LR (AALE) AR, SHETETNE TS AER - I
TP SR TSl

BARGIGH “UBEA GRS A LB — MRS (LR | AR R
{35 (Fisher 1922) « REIMIHX BIRAGE, KT B FRA/ROBE. ULk,
A AR RIZINERS AR SR MIERES) i h I A o BRI A T T o AL (L -

5. ML BT R G

SIS YRR L A BT (VaynardSnith 1971) 3 T HEAIN
(ERA, (BIAR T PR TR o B AR 4 TE IR t B DA
LFEE, (B 5r3iA “H B AR IR A (cost of males)  fiih 5
AT IR IR IO, R, — RIE T R A
T AT A T A LU P R R 0 5 1, SRR L A A

%817\



# # 3 4o

(two-fold of sex) " o BT FUEMEHA BLATORER KB RTTHL AR SR T
i, ARG S AR PR B R R B PRME AL SR PTTE IR o RIBE, (N, SSCRFAIL A B 1
TR RIACSS: "o IR R O AR R, X RIARERE R E A, Dl TR
IR IS 57, T2l (R A Re e 7 R 25t INE S R IR E s (e A BALHI™ o

ETERAEL, ENELEE (Maynard Smith 1978) f&H, —ok, U R
(Parthenogenetic lineages) ?}j}_%jﬁ{{ﬁ’\j%ﬁievolutionary dead end) , THFHIFN
Bt RAR DA EL, IR R P REASER KT, TEEIFRES A5 o
6. "HE" pIES— ML T A ETBRIR I Z A 20 27

EEREYY, AIEAEEEN LA EIE SN, FET A EEEREYRE - FIL,
MG —Fh B B . BT LT E T i AU P8 (T
BVEATE - vt AMTESRBRIRTHIEAE T A BN ERR L st 2m,
Kondrashoy (1908) THREE[ER T I, A1 1 P » SAHOSCE , S EBLE B R
ERSREATREEY, TRAGEEHEEEB SRR R LS EAREERE, B
B, XEEEUREREE Z 5 48 B T B R ATEE o

1 RTHMEREL T A TE B 2R

1. BIEEEY Immediate benefit hypotheses

1. IR REE & RO AR FORE R AN TTAE — I RA

I XEE DNA SRR RE D R T B ARG & P RE ISR E R

2. FRAERTHE RN 2 RZJRH A (deletion) , TX{ESEt IREE S HEIE
Sk (gapg E%%‘E%U, BeE T FE R R (biased gene

RN L EERLREMA (insertion) , BEAEREMKLE AT
FEFTENEA (loop) BEBORAIAIHIIER

R £%5% (epinutation) JAF %I
(demethylation) , iXfEdets (%5 AT RAEBNAIAINGE

3. HAMEFERCR DRIy A R B i 1 0B T B AR/
11. DFRAEFEE Y (7L fEE) Variation and selection hypotheses (local
population)
1. FERBHLPEERE B TV Z RN, A2 ae s PR [F] 2 2R
TEA E AR, BERPE R A X%
?ﬁ%% %glymorphismS) RIFFTEH TR R R, AE5E PR i
2. TEREMEEREE R+ TEANFE ALV R, B IR R
TETOIRIEhRIERAE PR R A B AR (s
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FESMBI BRI ABE A, PR RS (o R

3. TERENLA AR EH ERTERAREN LI E
4. TEHEARB BT Bm TE I EIERA B EZREZ (synergistically interacting

deleterious mutations) HIEFEERCR

I1I. TEALEF Y (SRR PIEE) Variation and selection hypotheses (spatially
structured population)

1. fEREHLHECR £ HFREER, ek & &R NEHAR - RIL ik

EEINT —RKEED (5 PHAREERENILZ

ERR TR () YRR

2. EHIEHERR T EHE TAENRNLFFRE R HIANF A 55 A5 R

(5] H Kondrashov 1993)

7. PR CTET —IRIHAR

Nt E T Y ONEHES, —EHHRS - B1E 1862 F, IHLIBRIOIIA N AR
PUEGE: WA TR E L ZARGEYERI R 4 ot A B4 a2 B R AL
STV AT RERIE R, TR TR AR R (RIS SRS R SR
7 (Darwin 1862b) | XFIA/RICAE 150 SFEHIFRHAY "N 2B XHE—RT "I 1
ﬁf%g,ﬁ%&ﬁ%%%ﬂﬁ%%%%,%%Nﬁ%iﬁ%ﬁ%ﬁ%ﬁ%é%%%@ﬂ%
— P RA]E |

CEFLRIZER) —heyEE—Ee (1981) 8. “"MEESNFE—F BT BRI
%, FOAMAREIE E CR9EER, MM R Brs: B0 LA XD IMARE
RAHES AT, AHNEDZ A+ BECHERS - ZUEMAE S BB, B "
(bud off) #F, XHZTFEMECLZNEZNEFM, MMEFECHD ZBIERE
g TR E— N IR SR AN T AR AT, Ot AT TR R R
PrCTATH A [/ AR KR S A A REAE § — 182 LIEY & B2 MRIBA A -
PEED), XFEERERIZRRENTR, St A ZRIR? HREEH Amak?

Zimmer (2009) iR —R&1A “On the origin of sexual reproduction” BB
IR AR =N e JLUERrA B A — GRS Y - BRI R AE SR R AT
BEBE, Ntttz MEATFEISE—DHE, BN RERRE DR
—REM AR EREEG, SXEEERPEERBGHTIIN, 508 S HA ~ LI 2R AL
IR LE SRR ELAIAIUN, v 20X 4 ZYIFER Al BB 2 AIE R ADESE T a0t g3
WA TR 7 ANV 2 (AT A CfEM) TR T Ao B, X/
g%?%ﬁ@%“%ﬁﬁﬁﬁ”@ﬁ—ﬁﬁﬁ@@,ﬁTﬁ—Mﬁmﬁi,wﬁ:¢ﬁ@%

TKTF MY B4 —E T ROBEEZ #
BB, ARSCERRT AN BRIT kiR ST RGN, B
B — BRI RS, FOyXH R CRBET BRERE, T2, HmImIAERLn, Bk

%837



# # 3 4o

TIERERIAL G TR R AR 7 (GA/R3L1965) o KHEADIE, — 1 AIANR T B IS
ﬁﬁ’]%%@mﬁﬁmﬁ asi=iz] %fjﬁkﬁﬂ HH (DNA> HA, ﬂ‘ﬁ’ﬁ_f T FRATFEAETIZH

PR mT S AN PR RY LI ), BRENAE A IR — L8 28 et b el G A A, Al e
T?F'J Tﬂﬁ/ly\iﬁﬂﬂ/“af{/\%ffﬁj‘r{{ (?#%'Jmiﬁu?ﬁﬂﬁﬁ) INEFFRAAIINLS (Purves
et al. 2003) -

ISR ERT NP AANET B WA ETEAVEHREFE o — R INY SRS
VEEFE RS IR 2, i*ﬂﬂﬁ%f% MUEVTENE, XSG AP A 2 B —
R, ﬁ?fﬁ%ﬁ(*%]\%@?ﬁéﬂﬁﬁiﬁfﬁ%@%%ﬁié%ﬁﬁ@ﬁ( o BN, BB R]
BERCT 37 A2 R RS KBTI By "B 2" Bk, AT EENPIFE 72 R A6
B I AR SRR BT AR T A
1. BHIRBGH LIS FEH T EAZLING?

MRAFEEEEA R A RN EH, XA L RIS EREEY  FLE, &
REABHIEEME A EER R EZEYN TR | BEp R RS ik, E5E
AR YR — MR A FE MR Z R AR EA -

1 20 42 40 FAL, Lederberg & Tatum (1946) %8¢ T KiHFFE (Escherichia
coli) E’Wﬁﬁkﬁﬁfﬂ%;’%ﬂa%ﬁw (auxotrophic mutations) , HH—HRAYEKFE
WINERZBRMENE, H—HTEEZRNADEAR ~ T2RMENE, X PRAE ENR & 2N
(wneziE! ) &, gwm{ZISKETu%%EiE’Jﬁ@ KM l:{l] RENS & B AT BT 75 220 P
B o bR, 12T G A RN R M A 2 Rl th G i AN, #X

7 NYE#ES (bacterial congjugation)
B G B R AR R AR eE b E T (K1) BIEE, SRR E (RN

fefK) AT DGR BT s M B BRI S — DRI (324K) |, #FATER MY DNA B
%Z, SEERFESH (Hayes 1953) °

K1 4e MEER G| A MEIEL, R MRRSEE, Ed%E DN N— 4]
HREe R 2 — 14 (51 H Purves et al. 2003>

1E 20 20 50 FA8H), ANTA IR B2 fﬁ%/\EFWEjJﬁ.T?LfﬁTZL‘EY{%? PR —
FRF (fertility factor, XWEE l?) A0 F R T gms e 40 s 52 1 e ARV B
(Cavalli et al. 1953) o M F+E RS ,%ﬁc?lj ﬂﬁ/i\'jj Hfr (%5ﬁ§éﬂjigh ﬁfqr_’equency‘
of recombination) HYEEHK, HAEIEAN, RUvtALIRIRFRAEMERE (F-F) MR
HAMR o 7 Hfr 1, F?*A‘/\fﬁimjﬁiﬂ“? (!2> , Hfr 5 F-HE A E AR I
SR A] EEAH R HY PP 32 S A A MR H_ET1% o LUK ERY HEe BROSATRE, alid %
et EAR (K3) 50 EWiIEsE T M5 F5R S BT (Kohivama et al. 2003) o
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B 2 — RS EARIIER o @AM, I F R+ 5 KT d ek 4, BT —1
Hfr ¥ (5] H Griffiths et al. 2000)

&1 3 I AR PR B DT IR B R TR AT 45 & B KB AT B 40 B 1 A A SIS DNA BOSR RS il s 2
(Hfr) R (A) EHLLE DNA R E, LLEEE AL 48] T — 4~ IEHHEE7E DNA
L o R (B) MIT4REEDLE AR 2 E, FATENRETERER
TR, EAINEAEERITLA LAIFIREH o X HAH DNA FEABIZ AL, ERIEIZETE
EHRARMASS S, £ R EEMNEEIOL o B C BoRtfr OREM) FsE4E (B
AEEGRIERBRIDN | 0 BB DECREE SRR AL (518 Kohivama et al. 2003)

it

GE)0y, BAMEE BN DI EUEE, XA RO E R o THZ, 5
SR PER B REEAIAEAC & (TR 1999) o 8% WEZEFARKEE, IWHIREHR
PLEA AL (BRI A VAR —FreEiR - DIEEGMEMERIEAE, (Hild X
FR, R MR Z AT T F B — A B ERE, XA ERE ML A DIy —F i
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BRRE SRR o FARE A (2001) RN “FEAHEATRE 5 DL XML BT 5 A (R Y
EERAT, T EAMBHFERY, YRR TEAER B B =)

2. EEEHER =W H G0 ?

5% 983 L)L ELAIH L MU RPN B 1 A R B R P S T T R B
AT A TR R B AL L - ol AR FLE AR A S 07 T R A F e,
TR SRS B IVERESY, B LB, AERN MBI R4
WA, MRS AP AR DD H PR i » X LR FIZE /(R 28 T B 1 -

BT -MEEEER—GR, ELUEYOVE, B FEERRRLER (11uz
2011) o WF ARG — B B R TR TD AR VR AR T 5 S Z (AT RV U - FE B
FREVRSMAE S, SFRETIMEEE (Bad) (B4 | BIULFERERE, SERRE
PORRE K o PRfl1T, — DHIUEYF (Brevicorynebrassicae) BEWFEAH 41 MM, FHZ
j‘il.SXlO27 NER (Hughes 1963, Lamb 1961, vanEmden and Bashford 1969) o FEE Tk
KREPK, SRR ENZ IR E YRR ED, RO nAEEE (E) |
X HEME B P AP R ARG 352 SfR, ARIE PR (M 44) o SRURTER
AZ)5, BEFREHEEEL R o TAERBRIIE (T EERE) F, REaYTH, R
A UBE—BEHT M AR (Stroyan 1997) o

Bl 4R (Aphis pomi) FIANEIAERRETEBAIANEMER] o AR — RiFRIEE B BN
W, AR A—T0E, B—RERCER, C—3 M, D—IEFESUNAYBESR, E—UNF N E, MERE
3R fE (3] H Snodgrass 1930, Wikipedia)

BT R YK — B NI RN — Daphnia (FFEW) | ERAETH
REREE I ATE, AT AT (E5) o SEFRTAKM Daphnia fE—ERIAH
DR TG, FREEOE g, TUE S ESIER A (a2 5) il
FPE A, 365 2, UMK, RIRBNE AU, S KA » bRIR
BT LL7E R A T B 2 3 K [] o

Tt BT R, I I S, TUE TR N T AR
oy (EIECYBRT ) BR0S  AAIEAORE, BEe | Il ol T e R ok e PR A VG
L, XEAE—FRERNTE TR, B, XA H AT T A -
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5 AT ANBE A 7E Daphnia BAETG T (15 Ebert 2005)

PEEL, BEEYSRBLE (Weismann 1889) ifd AT IMELFE A i K]
NEEMS AT IR EIE T R A R BHVEIIEY) (a clear short-term advantage) e fIMfEAE
FEAE BRI L, AEOAEANE (XK ~ —FERIeE) | FRRa KA
VERY (I—SeAT ek ~ Ry~ o~ BT SSE) | OE —ENEFAPER (ngR) -
WEUTCIE R0 A 55 IX LI T T I A T AR R Y B A2 A, T XA TR
Wi 2R SR A 2 RO PROK FROE RN Y], = SOR K B B YIS R B EEATT © PR,
wr RARFIBERAE 2. 8 (R S R g E IR L HIN T !

8. AL TEXHBEE L HIE N R RIIRZENS?

B SR— s ] R BRSO A, (RSB TARARG o 2 1 NI
BB 2 M AN 1 (MR, B T R RS I LB
GRS ST AR, B T AR S RREE 2 R0 AR BTN, T
WIN RIS 2 257 - BRI E S, 52 iR ke e il @k
1909) o JHEIN B ZAUBIIERLE — & AR ROGI T 12 20 120 40 E(UHE B, & —F
WIZHHIZGY), 75 1041 AETSIRIAIE R b (T Fhak RUBLRAO M AT ERE | TUBLFE O5%A0RI B
BN B 2 TR, o A B P 588 o] R BRI GBI A
BIEHK) o il 25 GRH T REE S - FAEEER, (NI HT R
SRR FA (I 2009) o

KT IRME TR NI SR , SESRRI IO AR TN KRG, EAIHAREFE H
B B4R T R BT AL IR » M, TAMRIRRINE T IR AIE R /7
BEANAT DI E T T HG 2 o LRI AT PRI R i o $RBRASF (1988) Rl 7F 1983-
1987 SEHE], FeE 6 AT (NS ~ AL ~ PO ~ B ~ LR AIH ) 1Y 8 MR E KE
F (Sitobion avenae) HITCIHRIEX —FhH AIRANLBERZ] — SRR £ T 10-15 fFHY
P o AT 4 BUR— PR FIREA SRR ROZ A 2 A T il o 8F B B i e 24 1
FREEATRARERE R, — NHEE (FEH TS —ERErZrE 41 O
iﬁzﬁwamﬁﬁﬁ,ﬁA%Mﬂm§E$%%ﬁﬁﬁﬁ@ﬁ$%,mﬁﬁﬂT%w9
I o
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4. M7 HHTENEFLE BT FEA L TR ?

RSy, Tl AR SRR A BRI U P AT SR, TR TR
N8 2 2 T, 2 B2 A BRI Gh e o (RN, 14 2 A A ] DB Sk e ) 1
I BRI S, EONE (Tl LUTAL S (TR E R MRS AL 6, 127 2 o X DL R o
FiL, — A P SR T — A SR EE AR, B2 TR TR

(Zinmer 2009) o ZEEAIKIUTFER— PRGN o BSE 3URid ih A A7 A o8 24 B T —
BIMEEILTE « SR SRR TGS, EE TR atE

Frif e £ H (parasite) f&—FPAEY), REH—ARRSEET EEEER IR L
RIRRTR A ) (B VTR B host) SARCHVE o 2 B AIRIE L) (AT
Plasmodium sp. ~ W5 KR B H Giardia lamblia%§) o fgﬁ?ﬁﬁﬁ@ (W A%H
Taeniasolium~ FIEFFIR H Clonorchissinensis %) FIEMECHY) (WE#E MyxineZE) o

ARERE, —LgE A FRERE AR R, e R O T T AT R
NJE B ST AR, PRI A MR Bk, ELLMBRN TS W2 5, 7]
LIRS LTI BK, AT BEFE AL TK (gametocyte) | HMUFH IR RILAI MRS
ffE, WA AT BEAX BRI T T AR RIE, AT RAETRE NEROIE
(oocyte) o DREERIEIR RUHAT IEIE EHE, BATERAM TR (sporozoite) E ANMBIFMERR,
£ EASITH EHESIYI i £ o ABeT 4 BUR B oM R R B T e AR 7 202 REE T AMA R/
@ﬁ@%ﬁ@%ﬁ?@?iﬂﬁﬁﬁ,ﬁﬂﬁﬁéﬁﬁﬁﬁ%%ﬁﬁﬁ—%ﬁéﬁm%—ﬁ
HERIZECIZE 1 ©

WIFERF LRI i R TAMAEE, B, AR IS % A mEPTE T
LRKAFR o X, ol B2 RUEAHIT, LIRSS R g 27 B, R AR B R
%E?%E%W,E%E?%ﬂ<ﬁ6)°@%%ﬁﬁﬁ%%ﬁﬁ%iﬁﬁﬁ%%éﬁ%%

B 10-6 — A F AU IEAE L — HF AR =00 o SURRHLIE (XL HAE — AR E
NALH) Eﬁé§%§7<——£1ﬁ£%ﬁzii’E@E?EEE@EEE?)<E§F?H3Nige1 Cattlin/Visuals
Unlimited $Efk

Daphnia SR IRAN A AL I G AR M i, X LU B AN OURHL A T A A= T e P e A
WG AT P FERBEYE AR (B 7) o —LUF R B A I i

(Metschnikowiabicuspidata) W AJEYY Daphnia (Duffy et al. 2012) < fRER R&
HISRIEBAE(E, Daphnia (LM CHOE AR, KARE EEMEFIA - BAH
B, BE2E R IH A E M E RN B — RN E ARSI £ o« BRER,
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B R4 2 5 B B A -

K7 (AFIB) fRE GEW) MYYR (BZL) H) Daphniadentifera WA o A S PFARARTD

(BFKPTHR) By D. dentifera, JEBIRIRIIRAEHAE; B BiRAREIRAHIMTCIEIIAY

D.dentifera, T#EEAUYAY D. dentifera A MIE (WIFFLFrT) ; C M D. dfntiferaj??

JE RV RIAZE EE s DAM D. dentifera FENBUHMIAE B RER A, A
NIETEE SRR (51 H Rodrigues 2008)

5. BHJEMEGLENTAE TEME?

RS R AR — IR E SR (RERIE CAER) F
9 T AITCHEFER? Hadany Al Comeron (2008) 2 JEMISK A2 8 ] B 5 M % — Thgh
B EDSORR AT, Tt A A R 3 B S AL o AL B S A
BT FOIRTL ERE, 7E—SORERYIRhe | PSR S T R R - X
£ RT BRI, AR S KR P AT RE e BRI, (B T T
i A 2 O 5 LS

BRI RO, TR E A R M 7 B TR — o
ROV LA BT A0SR, DI L G RO R
PP KREMEYE LA R B R A 77 1 . TSI R S A e
h, BB AT - B s R G T A ARG DR
h) VR B SRS (BRRE - IAE - B ARINEE © MR
) Semga |, PIBMERAEIERIE | T U 5 S WM O K R 15 DL A
B ALE Fo BRI AR AT ~ Sk 7 R E R N R A RS
KR R SRR A SRR ERIE) | ERER, XTI S B
HOPH o PR B S B, Bl —dbhy) (kg - 088 - 457  WASE) MW Tk %
B, S BRSO UL LRI A, (R R, AR A s 4 S e
28 UEBRCE ORI P (e R X R sl R L

MEFE YR TR m DMARISECIE AT RETERY —Fh BRI 20, B AER AR
iz b, ROZS AR RBE LRI ER KR

6. TEEATEN SR IFCOTIE?
KPR IRIT 1 HORh, AR BN AETERI A ERE, BT AREATE, R R R A
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T RAERVCY » (B2, [FIEEEYFERTRYE A, MR BRI T HAESIETHY
P o b, ARESYIFRRIEEME PR AN CUUR T2 D, i EF B S 5 HFEIFHE -
FEIPH ~ N FEREY ~ RIS, REERBIFRIFER -

WEERRE ) B R — D B TR IR R B 25 285 (Aptenodytes N
forsteri) o EflE—R—ZH, B4 53E 6 ABEMIT T —MEE, VO HEHITES
LIRS, RIS ST BLR BT R, RIS EREE E A E LAY
e A, X, ISR AT RY), RERGE S (A TRIBERTEE - BRI
g2 AJEiRE, HEIH ORISR, R E R ERRYRRE H O T RNERS o X
Te VAR R R R EHR EIRE A SR -

W — R E DG T B (Phalarope) | B “—FLIH | AL
TESMES SR SENE LA A S, R ERS A — DS SSRC= 00, T RIRA & SR (E
SR o K (Hydrophasianuschirurgus) HARMIEISIME, i "—FELKH

. MES RSN L E ), BESNIR T S5F 2SR, £ N EESTAR A 10 5
DLk, 59 A ER AN [R] B 55 AL

F—DHEE L) ELEEI G R N (R4 5-80 cm) KR
(Hippocampus) , WEFFFSZAGIN=FEME AARGELRY B (P8 F, LR “If42" | Fif2-3
&, s NG, REER) CHEYRET HOBES T I T RYE AR | i AR
W (Syngnathus) BARPIEISINE, WEE LRI EEA S Er)—PMETEHETT T,
FHEEIE o R SE RN S, O MBI 0 IR 7 2, S BB A B AL -

FEWZEEohY T, MMM (AR B AN T sl 3R A DRIGRYT B » 2,
WRARBNER, HEEXIE, A AOARIRTAGEIERI R, (R EABIEE A — (%, WIbLSRE
TG, BRI BRI, EANME AR AR AT ST R, R AR, A
SB EECGE (W0%)) |, BERRERICLAES S BN, RORKS, EERMEMERAR,
PEAE IR T RIF? o BCAE B A XM ORI 1R DG BEIB PR 22 Kk 8-9 /N H L 4 R L 3 SRR
PRk, HESEIERA ST o XM ULR R R L ORISR E TR = S sh it
AT W EER R 2 —, ZTCEERE R T X Y Fh i B 7S5 ST o
WA, W EEATIMEA SRS (i) AR TE B AR FURTEARAE R I E
ErERIRENS S N RIS (Y H i) BIIREREN, HEREMEERG UK E S
ﬁ@%%%ﬁ%Xi%%,ﬁﬁ%ﬁM&Téﬁﬁ*%xﬂﬁﬂ%—ﬁﬁ%,ﬁ%ﬁ%ﬁ%
VLE Jrey) !

= PNSEEHITHE KL 75— H BRI & FRIE?

STRGUBE SRR LA B ARIER kR BT ~ A KA T %Y
VA AT E SR T GISERE, Ei T  5 A  RRAS, oA R A -
BAEYNEE AT AL, FE A TN W SR E NS A - 4
) R MU E TR B Y 1, AP T A R 2 1 - 6 B %)
9, MBI Fn, RSy, MINEEERMRR, FERANEL2 FHEE -
1. TR R G W RTE SR (55

| BEEWMRAS (sex systens) MEERIEN LI, HYMERNAE < BHAIR
B AR IR IR 0 2 T o B0 3 R RO BE BB b R S L )
SRASER (DR, F LMY E AR TR 1 ST L B
SHEGHIE B R LT oI B E AT T RAIEEN, AR AT T i
AERSERRIRALEILIR, " B0 AR -

BT ETE | F YT ae 0 A e A S T2 L 7 A T T
EAGTEAT (60, Win b, R I LU e o (8 BRI 5, B
Gt ISR A K | TR A T R R W (AT
TE) o WRETE (WEFE - HEAE) ] DLoyBIck KT MNOARE L PR o et = bR
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MR ZH AL RUBIRRTRR, BINKE)— Bt RapnRl e e 7R R
(Renner & Ricklefs 1995) o fEMEY)H, WEMEFTER NE I, ®ik 74% (FF/NE 2004) -
MER S By . HRFERSN55 0 -

FEIRHAE, BT HEYNEEMIEREABRE, ENTEAME (FAE) Rk, ZEBkiE
ﬁ%,@%&%ﬂ%ﬁ%ﬁﬁ%ﬁ%%ﬁﬁﬂﬁ%mﬁ%%ﬁﬁ,%MEE<mmww;z
A, PR REEER (Barrett 2002, FKAEE 2004) o

# 2 FEYR A
PEARr I

- PITEAE (BRMERERITE) - BEAMEES, SCHMERS
2. WETE: FURTERS U FCHESS
3. WAL UEMESS I T HESS
HBRRZIK 1. BERERAE: fERR AP
. WEME (RAE) IR BRAMEE, SCETREAE
3. MERR: BRRAAHEML
A, WERR. AR BB
5. MR (EIEMPETERMR) - BREREIE, SCE WL
6. WEERItk (MEAEMMETERIPE) - BUAMEE, SCAMTETL

—2FE (HEEMAEW LR «© —Fk LRIFE R
%wﬁﬁﬁw

BALRIX

—

MEERIR
A 1. PPEACEMERE R AL Fhae N A PR EAE AR
2. WEHERIPR: Fhler AT BEE R ERAUTEAR

3. mEERItk (REEMMETERIPE) - PhieA A IETE M IETL
[RIERHOTE R

A. WEEFEER (BEEMIETERIER) - MR A TR
[RIARHFE IR

=MEAEEIRE (BZRPERIR) - FREN A METEHETE 1
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AC[RI R AR R
Z M
1. WERESERR: FiAE AR ATMERR A4 B
2. MEEFHE (MMM REE)  FREEHERRATR LA
TRAE B
3. WEEFRE (BEIEPIMEIERER) « FREEHHBEARAI R METEAE
RAS AL
4. TEAEHETE BT IEAE k. PREERIIST FHERAE ~ BEAERT T PEAE
RN
(3] @ Wyatt 1983)
2. 1885 5 2CH I HI45 R — I XIRIE Y09 H X F05

BACHEYIZ A S (matlng_systems) %R, ATLIEAC (inbreeding) ~ AT
(outcrossing) SUPIE A o F AR R B F  RREA R, EE A T
( X, PETARRECHYIR T AE T FE N MATE) L TR AR IREY IR (6 X 2

%E%%w%ﬂ%&ﬁ%i%xﬁﬁﬁ SETR SHEYIEN RGERAER, WF
%ﬂﬁ%ﬁ%%#%(@%ﬁ) AT -

m%x%%%%%&mu@m%a&m&&aym %EMW@&@T%%?W¥E%
WS BN N AT ok — X~ JKEish®), B B B — Moy St 2 A e s [ shy) Chr
BlREEE) FNELH o mﬁm%%%M¥m%xm%mAﬁyk?%mﬂ<%%>ﬁﬁﬁ
HISER R BT I AEYEIRI O B, BEVS R EARE L BIAER LIS AR 1%, B fRHY
%gég%ﬁgﬂ,E%Eﬁ%%%@i~&@mk$%%@i,ﬁ%k%ﬁ%ﬁ%&ﬁ
BRIVLZE °

MR, CTBEREIRTREOEYIR L, BRAREAFEIRIROAAG, Toibe il sny femit &
REOKERY, %ﬁﬁ%ﬁ%%ﬂ%oES%NKB@E%E%@wﬂﬂﬁ%*%gimx
, BEETLFalE —MEELEESARAL, T KGN BN SR IE B A R ACRARAR,
TR, TR m<§%ﬂﬁﬁ%mﬁ$ﬁﬁ9)°

MR RO\ Oy /e = AR A — Pt P » Jed8, MR E AR5 A F0RATE, I
RiZ%oE BRI H AR PRI R ST o (HEHE L REHEY) B ORI =%
8, PR, (PRI B AR |
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P 8 sh &k 5 NI EEY) A0 RO ARIZE R o BI/REE 169 MEhPIE R EYIA 59 Fh X
E%f?%%iﬁ%@ﬁ@ﬁﬂé@%ZT:H@ﬁFﬁiﬁEﬁ%}ﬁ%ﬁ%ﬂ%iﬁiﬁ%- Barrett (2002) E42H Vogler&

| ARRTELE S G o R E R IAE - hE KT
G R SRR SRR AR, W~ ST, (E% 5 TR, b -
FONTA — P TG0 HIEZRE (cleistogamy) . AIBLSAVEAE 278 M AR,
1B TP B R RERE BB TETE T T % TS S Tk A e 22 B

— ATy EITE R A BT BB A (I 0 — B ST, (B BB i plvs
PEEARTET FILHUSIMERE « 23R, B (LI HER h tL BA DBRE T SAE (28 -

EEN KSR MR, 1 SRR SRR, KR TR R 8 BT
7 55 SRR A R TN - 72 AT . AR AR o]
LR, kMR T L HRR, TR 2 BCE SR AT LR (Liovd 1979,

Barrett &Eckert 1990, Vogler & Kalisz 2001)‘,‘iXEEFFﬁ%Hﬂﬂ:ﬁﬁﬁzﬁﬁ%@jzgiﬁgﬁﬁﬂ:EEi%
%%%ﬁ,W%%ﬁﬂﬁﬂ%%mﬁﬁﬁig%%mWW%W?E%Kﬂ%@Eﬁ%Q%ﬁ

8. LJEHIRE AXE——FLEEYH) A F g T2 FERLEY

RS e — S0 RIS T e 22 T S5 A i 2 (IR R o ik
RSP ERI T L R, BEEARENRALRRE, I—FERNEATES (4
0) | MBk BAEAAEY R — R A o 7F RA0F L RSB N A AT
B SIS, B, (ERRHEYIN 2 45 i IR, R

(Barrett et al. 1996)
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FoEYEENSHBERLRZERIREA (51 H Barrett et al. 1996)

TR SR A B T W TR R R, BRI
T OM 1 (RIS, MR R, (BRSNS REE e, T
DI KR, —BEAT 0.6 (J110) (Barrettt Eckert 1990) o BB EIR A
R AR S Y R IR OREE, ISR TR, T AN At
fo, FATRMZEN - (FSEIAEML, B b AN E S R & o X A
THUNERE S FEEY: MRTEDZNBANTA, DESEONEA -

B 10 R EYAIB T PR ACRAI A (Barrett & Eckert 1990)
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BRI, — ARG E R WA A A, U4 A AR S A
WIE AR (Barrett ot al. 1996) o IR FoUE, [EACRMR, HHCEMEMESRE FY
VRURELOIFT AR, s BT RO BB o WA 3 F B, — A I o
WHEE, TS e K o W, P EESEES, HEREE S
HIES . T KR B SRR - XM, R AR T A S S — i S B -

4. JRZHIHIE NS — H S HI R KSR

H AT B —MRm sl AL SO, ERGAEL ) 12 2K 693 Mgl T HEYI B
HEEXAIR, BT 228 NERM 50 B, BEEAREREVIETIANRAN, AETLS
B ZHRIMTEZIEEY A I  FAEZREP I N = FhRA. 1) PIRIGAITERRS (dimorphic
cleistogamy) —[RZFELFILHEXR B HITIEZIERIEEIATLZAERITE; 2) SEEMTEZNE
(complete cleistogamy) —FrAMIZ L E MR, 3) HHUEXKE
(inducedcleistogamy) —{%HEENIAXBHL, BRAFASIHIEERINMERTT, &38R
KB RIFAEZFERIE (Culley & Klooster2007) o

PRELHAE SN B o, SRV 5 DT 2 RAIAE 8 (Impatiens) FIZEZJE
(Viola) WOHEH), fi— MEBEE. PFER RN BIEGERR, REFRREAROET
I o 152 LR UL TR LB S, SRR fE (R B (A T
fF, BREERR A TRl i, BN B A E & 0 TR - 7555
SHTEAEEY T, ARSI (T8~ RRSE) &E G Rt o &
an, ERAET AR LM (Festuca) 1Y) — A EREBHIFFAEZIGE, H
FEMRR AR 26 (RN L RAOTE, KA BRI DG T0R (Portulaca) 1Y)
TEJCIRANIELEE N & 7= A AEZ G AAE (Darwin 1877b, Lloyd 1984, Connor
1998, Kim & Carr, 1990, Wagner et al. 2005, Culley & Klooster 2007) o

ATEZREPIR T TIRZ M. 1) SemE i b e iy, IREsR Ot T —E R ST R
CRULT—MEIE AN | sE BB E SR HIIE N BEA RS Al 38 b TR £ 7
2) R AL A TERE P T RERERFE T A, [RLULA B 2 B VR IR A TP T2 7 3
EAARREARRBARIIT; 3) MBS BA B A E A RR B AR R 2R %45 710
BO0ESE. 4) St AN NI 1 5 o] U R e R R R B (R
B, DURE AT ARSI ACFRAIKCE, Rl SE & ML IUIRIOR UL, 555 o AR, ML
RGBT T2 1) BHE25E MR, 2) MINSERE, 8) RIHRKTRE, F
& (]l Culley & Klooster 2007 N Fr5[#HFCHL) -

5. FHELGHRAIN R — H L BHTFEFLN?

1) A AHRRT

AP AMER? AT ARKRIEFLRH AP ARG - MITAIHES AR KEER ~ My A
SORGR ~ FHER ~ FHHRGEREFAL © (B2, (REEU/DATR T L RRIRIFRLRGR 78?4 Kig
P RPR TIEY FHEARMIILE At B IR, FF o X —IYR PR IE 5 HF
WA —E L FUZ N ARV EY AL (U058 2 FAl) MHE SRR EFMERIRAR -
R, WO 5 R RO A AT T i [ B b FLEE IR 2 KRR ©

2) KT HEYZEFRIEHIFF I

T3 BB O — A ST SR A B S T I e LR [ e SR . B
%%?%ﬁ%%?%ﬁ%ﬁ%%%ﬁﬁ%%,@i%ﬁﬁ%ﬁ%%ﬁ%ﬁ%,%%ﬁ@ﬂﬁ

NG %1 °

MTEFIE T B EIANIED O TN RAC TR AR — et 1) BiEME R PR (E /2 7 3
2) WERE[FIRR, (EJTEMETE. R KRBT RAIEMR R, 3) ARVEYIMESA LN B BTEMmATE
%~ REEM, BEEIHN B AR, 4) fF — LY H I B AR Bk R 2 R R
TR BB A BE G A LRI, HFR N BEANER (self incompatibility) , #afh
TTEA 0B FEY BAAFEF (Weller et al. 1995, Hiscock& Kues 1999) o m¥R
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MITEE LT R X SIS SEE N EY) I R R IEFRAE R A RO SR, (BEFVNIHEZ
B AR AL IRAI R AR |

8) FILHVEIEE DK —RI YR — B (At H X

RN MR FL (R 2 ~ BEARTRR(EIF 2 MEAE ~ — SRy e [ R R RSB S Y
BLTRLE, (ERMOSERE: A AR SN T RER? KB LR MEAL
BS SEE RN, AR T e D R, TR e i), IR
FSCEMOA A, BRI AR ) B SRR 0 % R T B K
WORRK o SO E REEINE. LEE T M SR AR R, 2 D)
LSO ST H AR SHOMERRIR, S8 Rl T 15 SRR IE 119 B 4

— ML NERFLE, EREAEYF, ABEKRL) 1083 EYIT B IEE
(unisexualflowers) (Baljrett 2\002) o TR EE|A]. QH%EXEE@%E&Z@E@‘%, jj@/m\ﬁﬁﬂ
W2 I RRE? (@O YL KT R, ST bL R % T
OB ANERE R, rjfrﬁﬁ%@EﬁEﬂ)L*EZKEfZA%Iﬁb A A FIRG?

Rz BN, =EEDERI L ASRCE T 2O E 5y " WA 1 5smalim s o
::ﬂﬁkk?ﬂﬁ%ﬁiﬁﬂ9U?35%95ﬁ§$ﬁﬁiﬁﬁﬁEﬁJ THWP‘:;gfﬁ%@EPfﬂj(47zﬁﬂﬂFT**/\ﬁFfLﬁi mAEH
TGI8 (R S M R AR, (B2, H— hﬁ#k)°&
m&ﬁﬁwgﬁ$§:%@ﬁ@ﬁ%@ﬂ@%ﬁﬁ?imﬁ52$ Wi £ R BIE A SE BYTF
E@i@éﬁ<ﬁﬂgffésﬁ&tﬁﬁﬂﬁkﬁiﬁﬁscE@fﬁ%@%Eé%izésj(——ﬁ\égﬂ%Fﬁﬁzﬁifﬁﬁﬁﬂ<ﬁééﬁﬁﬁEﬁﬂﬂﬁﬂﬁﬁﬁﬁ
FEF? XHMEE & — AR B AL S

6. MBI HIEE ETFE—Z E B RGN (L) AT

R RFITE LM ABRREL —, HRETEREA o BIAANFTEEM R FAR R L dr it
Rit—), (EERREETUEao AR — -

1) FIEETERTSE SR — R0 73 S RE L B

PRI R ARG —FHRIE T R, THRSX & W nIRa EABEER - EPRITER
I WS AT AR (SRS A, XL R AT
R R L o ol BB EALHR AT, ATCURA T AR SCRE A2 ~ AT RIS -

BT GEfTEMEREEYR) LRy B, TR E A, KA iy
Yt R BN EAERT, SXFER W ER Rt R — (B e — ﬁﬁl<%m§%ﬁ%
KIEE) |, KRB LR S G (allele) o SHAEMIRIRIER (ANR kR E & M6
%) R R A LR TS RIS R A 3R B A 5 A L R B 2R S R R A
%MWW> “ﬂﬁﬂﬁlTMﬁﬂ@TMTﬂ m%%ﬁ%A?<mMW@%>,F%

AT (EgterozngUS) o BN TEMBEREE, G A —REEA H IR

—] Z<%§IE (AT PR jJJLﬁE}QIIdomlnant gene, Ja & MR NFEER K recessivegene) . {E
ARERIN ik (A EM co-dominance) o fE— P EMIREARE — BRI _E 46 (o
KA 88 Z T i (lZHJ\E’J ABO A AL ~ NEUIER - BIRMIREL) | oA EEMmER
(multiple alleles) , {HX/MAT S, —NFEKEE E R Al GERIA H I —3F SR K o £
7 5 S [R R A AR B 2 2 B BRBE 25 (LA B2 -

— MR, ARIREERET 2P A RRRERR, E— DR R 2 — DL E R A4
SN o HAY, FR TR S e IR LR R 5 53, [ RER R PR fE— B ]
%i%ﬁéﬁﬂ%%ﬁ,@fﬁ—M4%$Wﬂ%£EF$Kﬂ%E%°%%,—%Eﬁﬁ
FRRIERZ P g0k RE, BERATENMSEHENRL (Bl 2001) ©

T, B AEE L RAEY) K ETR/R (Gregor Mendel) JB1EZHHYHEE AAT K
AT, MEA KRR AT | a WEBER WAtes) | NGRS
TEBS M LB S T30 RGN, e 2 IE XAEﬁX F1 R EE & B E. - 1 —
fﬁﬁT%wﬂémﬂﬁwhﬁ_fjﬂFﬁ%iﬁ%$ HILT PIFREAL. —PhE 270
Bis (DM | BREAEBE GRMER) . CErHERs 1, He K 1/3
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NEEF -~ 2/3 hWREF » BIEEIE TRHIT T E5HE:
A (@E%) +aa (@E%)
| AT
Aa+Aa (F1 %)
| BX
AA+2Aa+aa (F2f%)
LWM%E%#i%ﬁ%%ﬁﬁﬁm@éﬁﬁ,%%Tﬁﬁéﬁ%ﬁ%ﬁﬁo

2R, KEBEEFRIE (lardyG 1) MBEBEERER (Teinbers W) T HE/T
0B o IR T BB (220 5 (B - RLRCRE R (ERFITERE,
HIED e RSN SR ) R, IR A R a (OB o Ao, NI
R AN ~ Aa e BB S 300 b2, 2pq Al a2, BRI R IGHERE (Hardy —
g$$?@m>o@ﬁM?ﬁﬁ%ﬁ%mﬁ%ﬁﬁmﬁmﬁa,R%m@T~%ﬁwﬁ%$

RIE AL/ R e, AR R AR ey, Bl B 2R, anf
%ﬁkﬁﬂ@%%,ﬁﬁ%%ﬂM%%%,ﬁZ,W%ﬁﬁAﬁﬂ@%M,ﬁﬂ%%ﬂ%
HISEAR o FfE/RHU B T SERRAPRME A T — S 2RISR IREIEER o

FINA TN T IIE N E PG T, L SRR © —X 28 G TH AR R
H ARG 2 (A HFREEASE Y AN [F] T 45 22 %E?iﬁﬂ%#%*% AR FE IR RY SF AL
L AEAR M S RO R R B S AERE, A GRER, SX— R R R
BIEE o éﬁE@fﬁ%*ﬂ%%%ﬁﬂEﬁuE%%@Eﬁﬁﬁm%(%&ﬁ) M =
EAE T SR LLAR A A TR T DA 2K MEEEES (FE) |, SRS eiEanRE
BOI T B Ll G IS R 2 5 o

SR —E A2 T Ba FHY —Mﬁﬁﬁ%mﬁﬁﬁﬁﬁﬁ,ﬂfmafﬁﬁf
e RIS N S AR — Rk, (HHANE G%ﬁEi%%EE@EFﬁ%%Eﬂ%ﬂ%Z<i;@i*“° EIESEEE
GERETEE) HEEHENE HRERIER SRR FOLEER Y
B PN A AL (o6 HL L R R R — %f(@@%%%@)iﬁﬁTﬁﬂE%Ey%ﬁh°
=%, BIE T AEFENRMER, Waza@id Bylasi & B MR FEgiieit, ekEf
PR X — R AT RS T AR08 -

R IR DB . B T RERRIA R (ST A AN
Hl) o P S RO L BT o S M AR AR D S T (RSB ake T
PR A5 - (BATEE O B B R TR T 2257, B AT IR — P REiR S L X
B/ T AR F Y. [SEOED T AR HARIA RO R -
W, BHATR A MAER IR T AR R T

2) R RGN R (LA TN — H S E S TE 47

_BEESE, EREFEYMR GG, EEE ~ £ AR s m R
@E%ﬂ?%ﬁ%ﬁ%°Mﬁ%ﬁ%ﬁ%ﬁ@$%%ﬁ,KW%%@%%N@%%&%%W
BEBERN oV

a) IR aa 2 %ﬂﬁ%ﬂ%ﬁﬁ%ﬁ%ﬁ@%,ME%@ET%%@ﬁﬁF,%%ﬁﬁ
HOSEIN, a FEREUAR u&%%ﬁﬁﬁ% T £ 57 x%%%T,ﬁim a FERE VR A IR B
%ﬁ@%%@x%ﬁfﬁ ez, BXARESFEFRTI—E FHESEREER
PERE) ZRETHIPUETE K -

)*&%%,%ﬂﬂ%ﬂ%ﬂ%%%ﬁﬁ%°%m,E*ﬂ%éﬁﬁ%iﬁ%#F,ﬁ
‘ﬁwﬁ%ﬂ%éﬁ%ﬁﬁﬂﬁMQﬁﬁ%,ﬁ%,ﬁT%%TKE%#TWEﬁEE
M, MEBLKRT aa REBPHHIKT ©

o) ERITHWFHT, BIREFERFRRERGR E B ARZIM, B, X aa HEFEE

ﬁm
EWﬁM§
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NHER, B a HITHIBER g 28R -

T HT RGBT, N 1% IR — 1 TR R T R, AT
BETERRY |5 25 M R B S AT RRE, [T/ BEE R 2 L RERBE o (IS0 L OB L
Boe e af BNTCIE RS M SR (A RER - YIRS RS D
%) o BOXPEUATE, DBEHHT R RO N R A T 2

HSC, TSR SIS Y T A R, LB R e —
(budding) ~ KL (branching) B{EVBE (tillering) , BUEEE AR FHSG=EE
e L2 2R FhHEYNAE T EE U R R N TR EHE) -
B PATAZFEEEY) Rl ZEANKEEY) PR TR - GREFI LR mEFEDH
B RIHAR BARIEAYEM ) (Holsinger 2000) , By, —fuk4iRE N
(Elodeacanadensis) 7£ 1840 FfE NEE 5, #1880 Fiky BE| TN, EE2MEHE
%%’%%ﬁ_ﬁ (Gustafsson 1946—1947) °

ANTHELE S — R B 52 SEHRE SRR R o HSIspin L 8184
s h NSRRI R E ) E AR T S R E T AR R T
SR (5 25 7o BRI B2 1] o BAT Hamrick and Godt (1989) Jid, H
SEYTRRAR % % R B J2 0 S0 1 IR P32 %02 i AR B PR R LA R 2 Pl 22 7
B 5 S EROIRI DI & RV T 50%UR B MRERIINEE 3, sc ke EU 128 Bt
S o X, M ECIOIEIE/R RS, B R R 04 5 6] i 7 S A
FIFIE & 5 B2 - OB 2 R A S

SRR R RSRAE TR (LA NE, —FURNE) W
R AU ETIe, RS2 H 2SR 2l PO IR E R WA A o Mor
DR LA, R (GTrER ) Bl e 2 WAVHEAI A st (Dl
STIE) | T KRR ERAR - B9k, AR A AR, el & 0
SEYEE RO ARTES LRI B IR - B AR, &S+ 250,
GRRET TR, BT SO E, fo R T A B R o X
B LM, XE Rk H RO 5 a7

P~ ARG TR SR T
1. BRI S B AT — AR 4 5 R A RRSHT

SRR R KA TIEGNARIFESL =, BB M ERLE G —
35 HERRSETN « T TS BT £ A e, TIb Rk RO
REL%E (RBBETIH)  EmWAR RS, LTI EE EAREIEERE e
V5 A PEERAGIR 2 R o RIS AP LA R (RO T) | YR
iR ((ATHE T RIRANG) (0% 2, JERCEAIORSR AT, A RORsl & T B AE 1 PR
ERR o MR, URERTAR, Al TE S, METEHIHE, HEmEHE
TERCH (iR 2

AT 5 KR N PRI (LRSI, SR ST A B (cell
division) o EUZEWIHILRNTS B4 LU o) A 2 A A o T L 43 Gt ep — AT
YA S L L REE P S e ety et [ UL A (A L 52— RO R, T
FEBRL Zir | BRI E ot (BRI S B, 5 — AL R A — T4 GP
TR EAIT) | SORERC FaL AR R SR T AR B K7L
S, i T X BRSSO -

O RERTRRAF A B T AN . AR ERR TS, T
AN AW T A (FEEANE, FRAImOa AN, AR
PGS, RS - MBS N SeE) FGHTLIA 453
HEMETIEEIE, Tk SO AR T A 2L 5 S T B 3, TR T i
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RS BRI 50 © FE SRR — R RO e T O A5 B AL
R BRI ERREIG, TR e R A 14 S48 AR 4 -

ST I 7 2 (A A TR R 4 TR o BRI R KAE A (R R A AT
BENSE 20 MRSk B, (UG 7 N/ ANABRE(EE] 100 £ 5 (FHE 2000) o
IR Ko ey 45 SR SEBIRD , SRAT . AR AR R 20235 50-60
UCHELREN T 25738, (AT t— e AR — 10154 (BB 2003) -

2. ST TR L BT T IR (RIS 5 5H

A 1 BAFEA P — U S T BRI TR RIS S, BE b (S L e
HISEEE) O 5 BRI — Bl R TR o B BN = A AR Bk — R
SRITHN, [EHRIE T AERATE, B2 BAK (EAASEERT) BERE
AR BRI T AR © P FhA 5 20 B R AT e 11 s o
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11 B ZEANE 22324003 (5] E Raven & Johnson 2002)

HAZEDAM R O RS R R (chromosome) RYE M| ~ HES0E o etk
%ﬁf?%ﬁ*%%ﬁﬁg, E?ﬁﬁj\ﬁ%ﬁ/ﬁ%ﬁﬁi (non-homologous chromgsome) yERNE
JettfR (homologous chromosomes) : —Xf YL fR5 7 —TESEMARIEMAE, TR
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ERVRI R TIA/AMER, FESMBL —5KBERTT, —FREBITHIFR R A
IR o e DA HIRGL B BLIA (sister chromatid) FIIEMHIRGLEE(A (non-sister
chromatid) 2 4p o BHIRYLE MIAR t— g2 MEBRH TR AR B IR, RIEAIHS)
AR [F]— R B AL B G TR, U EIFTE SRR E e —E, a2
FRECE IR R e, BEE 22 505 MRt - FF -

Wﬁﬁ%ﬂﬁﬁﬁ%ﬂ&ﬁﬁ%ﬁ?~&%ﬁ,Wﬁﬁ%@ﬁ?ﬁﬁﬁ%,ﬂ%%ﬁﬁ
YA T [RVR A RS X— B A, 5 ELIRTR A I aE ke o 20 o 2 [ B
T — b LROIR K AE )L R LB S (8] 12) ANEA o X —REEIE (RURG
FVEAS HiteEA) 5HE T H#HLEEERII 2 RE, AT TR iayste 2"
BABEZET#HL (Wilkinsand Holliday 2009) o

B 12 RS2 T SR ER G AR 7 B3 WIS (] H Klug et al. 2012)

L2 B0 (R 22 S0 R ) ST RE P (RIS 0 (A 7 [R] L B (R A e 3R L T & T3
R YRR o0 e ALt oy BGOSR ECXS S50 7, AL, AR FIJR e (6 (R 2 B H AT M 5%
i, FER—S& et ik b P G ERYE AR RENZ —E BRI %, (HESFRER
ENFFARANLY o 20 {H20H) 58 R 1% 2 50 /R MR Sl i R AT A AR SE R A B T 3 7 R [R]
HRES S DA (law of linkage andcrossing-over) , BIFEAFHANNEAGTRE, fi
TStk ERIE RTS8 re%, ROnEBiE, H—XFERRAEK LRI
NSRRI 7 B A U AR5 e, PRODEHE, —okid, PN SAERIAHERT, R
Mom, Rz, MHEEEOT, SRR

AR AT AR B RAVE I O1ET, EHIARUR R S EH A TRE
Yy, BREATEMED USRI HI - MRS, R EZEYRREEA,
A BB AL ZAE DRIV EAZ A Y, IO [ A an R B R UG ) — 0 R TE I A T 5\
P SR FR SR (WE 1+ —5) o XEFEEAEYE RS ER, Hir
e 2 (o T N B )l i 2R A B B A LUAH = ) A R EE AN+ B

8. FUGHRES "BELT — KRR ] H B (Y R He

METE ARG B S e T e 0 BRI BA & SR e W) A2 s ? & 22 0 B+
KM GUEERI, BIREAR 2 R R T RS PR 2 (A S ROBER R S
BHEES, (HEERAE AR RIR AT =R, TR R R L2 £ R E
IRIE AR A BPR B AR G P 2c# (Wilkins and Holliday 2009) o

i QR BRI B J 6 ML (6508 (sister chromatid exchanges,
SCEs) TN = WAHIAE S ARANERH (BrdU) (EAEROGL FHIT 28, A (U,
— AL 6 8 — BrdU S, T 59— A SR AT Y BrdU FRics, (4 s Pl e
Ve DL RE T IR R (1) B AETEE BB DA 0, 2R Al
BrdU 5 SRR PR, « TR P 75— P RSV 4 2 DL T OB ARIT, A BrdU bk

%101 ®



# # 3 4o

Gt B K 2 P SR EOPIC HE U — SR UPRiC i & B DB, XAF il ] DO —X JH IR et
A2 AL AR R AT LIIA » B 13 aTDIB R R 1, M T TCEH SCEs, X HE
T A IR G AR BB AFR 9 EBE R B /K (harlequin chromosome) o AREARE, —
%i%%@%ﬁﬁ%ﬂf(@ﬁ%‘x%%‘%ﬂ%ﬁ~%%$%§m>%%Mﬁwmﬁﬁi
i (Kluget al. 2012) o

1
WERERZE (BrdU) HYh iR YL B L B SR ER R AC 5 (U — SRR CI & B 9O © X
é%@%%&%%H%m%ﬁ%%ﬂﬂW%%%éj%EE%%E%%TM%(WEM%
et al. 2012

] 13 22 p 50 AR P BB SR QL (5 IR ST M (SCEs) | & BRI SR 1Y) SR AR
%
1k

Y84, AT SCEs B (AR SUT R AT 28 o i Ttk o 26 2 7 00 43 200
IR — 4 RS SR TR (R R I R 258 001E PR A OB 2 (5 0
LR S8 | B, AR T R, ST A o A
L ARt B F AR R 2 R T LUK 2 S R R
U R 2 e i (RS B TE — R S 4 A

 EREEREE AP AT AR AT, TR RS ©
WS, S LA R 3 (R E R FE 96 SRR (LHAIT R ~ % > b >
FRUF S 1709 ~ SR, fEmnt SRR TR R o A R A R L, R
S P (TSR R PR B R ) RS B0 2 5 AR

B AL ERAGEER T It I BRI AT X B S
T R B e RBAE ST ERIRN) ~ A5 % S (ST 2
T 2 (A HLICERON ) 2 7 2 S B e MR A AR (i—2pem) | [
R BT R A T S R o TR RIR TR E] X TR
T BATAH, et Y AR U R sk i B A 1 et 67 [l —Fp
BRI BROSEANG Y, LR TERR AR T B S mTDIfEA
KT LB ZHERGS RS B R Smh H ) ZHASAE, hIRE SRS,
TR EEN L TRE T BRI -
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4. P HEL T UL B i — L] AT GE R T AR R R Z

R LB ASE? MR ALARE | WV TR T R B
VB CIEIR) e by ERRE T B S AL « 8 A5 B 5 A A ) — R R R e T
UL G A T MR TS AR (R AR S BRI 2
2 B E ) MR R R MU R E RS, THiE
SRR EE (—REOK R EEAR) RIS SR RIS sk - FIRRE
2 NSRRI S RSB £ P R N 4] (s “HeE" ) DIRIER
R IRRBIIA S - 0 SR B LA, TS L2

TR A (B, JEAAE 2 2.5 FAME) |, B =L
B EATR ORI - BRI ST AE ) RN © EAME NS, WA AR
AT I TG A MR SRR EL s M (R TR 2 o I R —
) AR a s (LITERHE (UF % R M BE BT B B DR i R ) 7 ] e
SRR A S &, A —5E% IR AR R L o DAl S
FRy 5 IR P OB (A7 L 2 SR SRR AL A B0 T o, B T ABIF D 4 T 5 257
25 i 45 S R e A S R 2 -

ST, R T I T E 20 B AR B LIRS (RRTRE A
REEN, NAERARN R T o) o MR E R,
EEFFRALMEA CHRTAIERI - BULE) | HRNT FOh e E - B ns
oK AR BTN o Al 4 MR\ BB 00 R o BT B KR Tk (3
AR ENRT U2 W) | M) TR BRI E 5 2R [ o
HST T AT BT AR A SRR B, S M A 5
PRI G 2 R e R A L T o

| mEEEN, DERERAR BN R SR S TR A, X
BE TR T 7 T E R AR R AR DTS T R A E IR, 0ok 1ROk 2 RO
S o MGFRE X ER e, DL S Bk A T T B R B R A LS R B
BF (F— s — T E R AR ) -

Bk, ERTE KM T B R 0 L TR, R
PRI I RS BRI R, FNERBE AR T o AR BRI R Z IR
RN, TR AR RS < RILERA 2 EMAL, AREE NS En

X B BT LS E — B KB RBA L,

RGBT CFE) MERNTEESRE, — T EMEE R RE
WL, 5y m s A MBS RIS, AR (RBk) B A e
E AR R E RIS 5 A o [, ok R H (AL
KT — UL, B “ss” (e (AR E B B) a2l « A% H 25
I SR TEE R I TR T R R R

WSS, TN E P BTN A" AR, TR R AT
IR R AR ] LI s S R S ARk, G e & F A5 £ )
BIHOZE FEEREE, X LUAH B P IIBISIN ~ Bla LHOER R, BIOAT R RATIE
BENAEREL ) T RE S B TGS - KL, R R, e b AT BT ARG
B EROR R TR S, 1 R S MR A 0 — PR 0 T G A ARG
R, R AREE T EE, R (A S S R R T S R DU
MR o (E 3 (T L BE MR AE) © A AfEm S A A 3
AU EI N A S SR RS LA 5 S HE0E e (RBUREE) WE AR T —m s
AFET 2T B-F AR BB AN DFTEN BB TR, (HHES, XA At &
NRMES BT ETD, A EAE, BENTE A A DRIEE -
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7~ Gl
“PET St AR E A 150 R4E | MR BRETE ~ BRAIR MR
WEIIEOT SRR, — B R MR GOT AERA $R AR
5520 0B, {E A5 Ao T AT it P Rk R A SR — kR
BRI, A R (TR, TobE A ARk, T R B
PREATERIIE S, M Rt E MR R AN TR, R, R
RS o BERETLE —— FLL T BT -

BLL o REIR "L —HIRGLE (R A0 H ISR B sc i © oA T A S an e
W2 IEE EAE, LA gERE R T FERG BRI S ~ 20H ~ FELEAMER R Z 3,
BV ORAEE ~ KA G DIRE R AE TR TCIRY, T2 m AR ] LUE R E e
U, BteBEREY S BRI E R

DLPRAR BIE N FFIE R B 52 & Sl o £ CRIBHEA AT 2, ER % 2k T AN
BB R AT 16 2 5 BUERIREY 1 b2 1 - SHE, S E e
K, SRR R R 2 W7 22 3 R IR & S LB - L, e
B ACBGE AL FIR HANE & — 5 A T RIBEZRIEARR T o | SEY) S ISR R 5
CIBERER IS RS, Kl LERRR (A SIS PR R AR
_.n//‘o

EEHSH

WESZ BN E G RGRNET ~ BESEE—ES ~ BB A (57,
Bl Hihort, 2013)

(SRHELE HETF)

B

OB P 2 SR Nk UL S — AR KLU
[ SN X — BRI ORIE, M T e 5 A AR AR SV IR A
BRTHEREEE N4, BRI TR PR, bl (s
TR AN 2R B AT BRI B AR » I 2oL AEN S (AEAnE
R0) E2H (MR G R 35 s iR T LB (b B
TECAIOLRLYE, BT | MR T IR B ORISR 5 4 L (R R T
GIRGRTE) B \BET T A 2 Ak A0 A0 22 5 o A AR L 2 SR e
il o HOL, WA RN 5| MU S AR R 0 AR — - A
SN AT, TR B £ BT A A A R T X — ARG X LI
KOE L DB SRR T8 nE N AR MR, X G = AR R
KR BRI R G AR, AR A DU L BN A
AL B R iz, — % P S BLH R R ~ B R el b B o AR -

SUERISRARNE 2 & (1083) MBMAMOITRE.  “HTNT0 E A B R T
SR LR, TN AR e S B SRR B LR T . . . IR O R R ¥
*, EPREARSIR B 5 AR ARG TR S Lk, R R A e
BRI P HIGM BRI  EBIS M ESE AT S SR ~ WERRSE RIS
s e LB ARGENA T, (R — MBI R B T TR, T —
M EAMES - B - MO E AR

R &N, T AYRYRAE L, R R AR  MLEY AN S KA A L
PO PR Rt 1) B R [ SR LI, RASR T — DS & NRTERY R B AR AR
BB, RASMFEERESSSE—EN, atESiCEA RN EELRA RS
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[f] P IR EE S !

BohfE, KBRS E AT SRR I L « 55 IR R iy RACHL
WAL U R TE— B = ML B Z o B RN T aR— & LA AR, L
B30 55 RS R VAT (E RO, A AE SRR — 45 — (Lo — MUk i 2
GRBSEILET « B AN DENESHBDL SR T EmliE RE KA RS
HELEIF=T, xR RAERMEES B BILASIRL -

ERIEAR (1986) MOMREMI— “E¥ BMEELAELES L AAGS - ENE
65 T BRI TEIE ST T, e e e S CA & AL 5 B P
PR BE T SR TR TIITEAE 1 B0 A B AR E B R LRI KA L
RIELZERE SR = A DL FUEE, X = sl slEn LA a4 2
BREIR LR CAPERORIEEERT) X0 B0 d BRAGCR I L4 A BRAE RIS -
AT 55t IR 2R T 4 Pl Bk e IR SR 2 o i 7 |

—~ PET IR (E F R — K T R A

B (2008) FADGHE: B A NS A A LSRRI BIE S R R TR X R E Y A
SIYIRSCATAEY) (A5) FPUERLE AR » S50 b KT L — TR -
— e AN ARG R 2 R 14" IR TR H, B EENEIE, (Bil2
BARERE AR o BIME XL R AER R, (H PO T —Fh "M IR TR AR,

ERYZ N EI Sy /A

1. FEAEEE R

A (Lynn Margulis) Iy, WAEY)Z AR A BT AIGE, Flan, —
NEYIARE R A R B 2 B, — N EYIRIHEIY AT R S N R, R R
W, BIGRANIERR, REEHEESHYNRR, 2RKZHENER 1LY
PRIZI A —, TSR R YA ATREETE LRI REEE o XL E R R, 72 LUBEU)
XN (ECE Ul B — BRI T SR —IRAEE) AR RN ERIIEL T, 6@ €
BREVIER (JHP 2004) o i@, X—RUCHMEAIIRES & R REE Bl — M
£, RPTFEZEYR A A RBIRE R

BRI S Y, 2 (R, — BRI R T — S
(AR | Ja g EAKE T RMENNEE, EESE AmTaHE, Bnd
BT 18 T AN AR S — el (AT SR O o (LK RERG P S5 A LB M R A T AT 0
B RR — R B A (TR o

2. J 53R

ik (1999) HiLil. WATRMREIR, —MEREMEEEEE R TH
T, EERRREA TG, Ht— 5 R — (C F (G, B AR,
WA, AR — AN, B AR — U, (B/RH, RN
M SO SFF, SRR A N S R R R R R T B
FEFIFHOGAE: —  EEARET R IBLT | LN PRI M R B A —
NG Pt (A — B — B — R o — 18— — (R R o e 5 A A
WU 3, Pk A SR BN, AR 2 - e TR, YR
et (R LU SR BHAED, 7005 [ DNA R 9 )\ — 2 e PR 73— Ze e PR A B 5 Y b
R T R T E R R R E R AGE R G R, T s 2 s Bk
SERGER RO TR I, SCRETF RO 3 (5 (o R 20 B A A AL o

3. DNA Z4f#i

ME2EBE T, AYEEEEE N PERERE SN ZALHEIHR i H e, —
FHORUEZL A0 72 DURTBETE B, ATREMR /R SEUE TSR 4 o ARTERA 2 J5 A5
B, ¥ DA EA ROIE RS, APmRE IRy A 1 B IE A o0 B8 A S 3 FC Y a6t (% i 2
(BURHT 2008) © HATLHT (2002) il & FHATIMEEFEIMEY DORA REHEL

%1057



# # 3 4o

s —VE T (ERTEERAT B S TILE (TAIIRA L5436 Bk T3 (5 (T IEA% DA
RIS RS (TR A B AT, R BRI H e 5%
AUZHRGROBEE MR, 5 MG MEE AT, SRR, b
DL 5 A 5 3t A7 SRR, e e S B MR T B PR, — Bk
A0%, —BRALE, B TREEME A “EH ; mE-TERHIEE, HaR—
e b R T AR M 42 A -

P SORAT A B R B T SR — RS DNA A BB RRO, Fgith = /5.
D) HRTUE N TARE e AR R R 2 G R i
SRR AT AN RIS L R B2k 2) 5ok B UAREANERE (N) 2 F#
GUER, XPERTRNE RGeS, Al iU e e 2 (o ) B
B HRFEFLE ENRA R SRR el S R AL A T3 3) Tl
TEATHIRE (ORGSR A (IR0 DNA OO R — B A AR RIEID? A A
U F AT B AR 07 ede Z B, 95 SRR S Mk S R
B A AR A 2 B 5 BT, SOb BT (R D0 450 228 ol L -

T ERKRT "M SESHIEE—FEEHRERRZ A
1. "B BERGEN

IR /R SO B s P A7 A B 28 5 A BE A RS DO A AR (L — PR B
BIRJEAAI X — GRS A B o (HRk /R 30X — AU RYSR A RN ] — IS R 5 -

BHE (2000) 15 (O ABHIRIARTD) —BPEM. “TEEAREL T, SILEmH
AR, WA TR o 8L X HEE L kT 1A PRI P A S8
AL ATUIEY DR, PRIV A RE ARIES, Fmimi B - BRI
TR A SRR, (0 DA v S EER o 1Nk T B e T o TR
RARERGEIED, e (00 T REEA A XTI AL
PSIE EZ S TAEEREAL T BORHRIL. 1 8 LR i 5
I

BT (2001) ERE(E (LTWIMRAE A HAGLINER) hTiE:  “REE
STEA N S AR R T B, BN ~ AR ST RS A SR
T 255 ISR 1 O BR ok « DUBE g (L, sS4l ]
A A AT ENOEAG: U SR AR, [ A AL AR -
TS BE R N, M ERETE, = FRERANE(, sl
BER A R AN, I R -

2. M7 HINLE

Bl (1999) VPR SN YT EREEE S — RO S, A R AR
kY (e f A2 R R BT 2 o - 4 — DJRRE A T e B af - MY
TR, FHLEA EE AP o AMMiE A R SR HRARERARS TS - |
ARG 17 B —SESE B R, IE A (RS A — RS EERLIRES
AR LU LRI IR SR, Bt A T — R AL AU SRS, LUl
HISE R ITRBE o X BT TEE — RSN, M HABNE - BlIE R
XA AE LB, 1) BE AR R ED 2) Wi
SELTRD EATOERIAE, B B bR E S S RIGER, 5
H AR 5 i e A = DRI R SRR R L AERHG o

3. MY BIYECFE A

BN (2001) YONEEEEREEERT B R TR, HEESENT, Tl
BT T U LT B B U (U 0 A TP A B e FAIF T o
BT AR D e ARSI (LR UEEAG R, TR i L
R T DLEERT R o B ~ K BRIV 2 M T MR piiet 25 50 T
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SRR RN, DB S ERESWERRANEET T, B2 BESTTES
SR ORI, o A P RAN T 2 o e A L — MR RO 2 P
BLUEH IR A 2R BREA - (L, BHbar™ e L 2R L& T DL E U E L AT
£ o F G R | TR Rk, R R R R
JEL30 /5, B R A K 2R AR A P AT LU T, (L — S A
BRI 5K, CAE FRBELI . T 600 T L 5 6
IN=ES!
4 W G SIS

— BB SRR B DR ENEF B~ RO SR ~ B S A P AR R ER T LU S N RERE
RIS o B, 2—SRIFmpt RTINS, APE “EWEE ~ mRES/D, IEEMEEEE
TRRRIRAL, DA ATV AT — Rl R SR, ERE TR AN, U & A S it

T HRE RN RAERIER, F i AV, B DRSS ~ RO, DU
PARAMERILZ"  (FMEIK 1992) o (HXEEEDHIPFERFIGAHL, FHARIFAZ]
B AR FE AR ] R o

=~ R RIS AR — 20 S I/ L 2

WP —FiEar, SABERA R E—RNRY, P ~ (022 5 AR YR AT S 7E AN [ A ]
RE L2, 1M1 B E AR A2 REILY o B—J7H, (A — P YR Aal e
ER P E RIS, HREMN 32— EVE R AV AR, B IRYIRR 2 1A BTN 32 1 Al BE R AP AEAR
RHZER: o M HER ERUEMRNRYE GRS, SO A B LD A REME LR B K
HIEAFLEEONEER T o Ml@ Al fd A RIASEAEAR T 22 g Vel mim ey &
FEMRHIR R © X E WP LR EELEFE B — -

1. BEAGEDIE R RR ) 77 2 — M TP EE B 1
1) JFEAE —ETFAEAF LT ~ FHPEE /2R T

HERELEAMA BRI - S (SHTE) ERRAMRIG AIR
FE W NTE PR — Pl PR SR BRI SR BIA (KA (5 2980 (spore) o XEEZEFRfRE
EMECE, FANE (ERAE, NECREER) -2 (HIRERREE) ARE O
KR AT TR, A0 R o T TR RO A B, ) ROk o ZEAO R - %
Sh% ~ Tk - BBSSEST AR S B ML S A RSN, E b R e i -
R L RO S, MERRTEE TR Z N, B S
L~ A K T B — B T O PRER 700 o AR5 2 LR LB KT B P o)
RO, BTN T TR R (R S

OSSO BT LR UE? WO, — S BEAR A () I
TR E B RN, T OABR (5%) | (eRbAT ERMILT L7
CAVERE AR, (552, HAKIRIRS, I H— S5 PR A e £ h
B8 P T L AT K U T, TR RN i MR o RE, ORI
TEERBIIPELL, DM R T o S R AOEREEAR 5 2 sk e H IR e
TR (LR R SR AL T P E (LA B s xd B 2 I AOE
B PEREIE R, e (S PN 2 a0 « SSXHF, BT LA (KIR YRR 2 ok Fn ey
ARG TINES R, B AR 5 Ot

2) BREYFE—BIEITaa s g m, BT HEET

Bk R DU R AR BT HE EAZ A Tttt ELA T B0 1P A SR A T S — A
(1) o BEREE—PhETa i ] B p) BB B EY), SN RIBORIEE, HIA ML,
Rl AR ST TR AT - XM T RA TR URERR, ERICREET MR
HZEAETE, IR ERIRHR -
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Z BTV EERE R TR A TR SR IGHRIR(E, — & BRI, el aE T
WA EENTRAT, MHEE—SBMAREREY (NER) BT — BN
FHE TR A R R R R o

B BERRERDAETES. O HEFEAE, © RS, O 8T (51H Wikipedia)

2. T IRBRARTE LB 25— M 2B 2 TE P2 AR o
1) 2B — R R A B E 1 I PR R T

SHEMEMY, T REROLRERT, BERT (82 7 AU TEm#S T
— 6 RATEE (T — AL R IR AT, 0 — e B SR I A R -

BB TR RRRAR R, BB AR R R R RIS LRI Z I ST 2
T R PR 22 08 5 ST P PRHR L — Lol | B o S R 45 T
T SRILTA LY, TEET B S AT, ST (S
AY j—J\ —* O

@2%%KMM$%@%&,Q@%%ﬁ%ﬁ@,E@%%ﬁ@%@?(@ﬁﬁ@@ﬁi
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2) H—BIEI TG NG, AL T

BN EARZ ) — 8, WORER T FRAEY P ERIRA T 0ME, AANg A il ’s
FEANE E S RIRFL, T IR R A R R, X DL ROZ R S B B R D) —Fh
JFIarEEATE (B3) o XSME—F, WA RGN —MEAIZINNE, AT &
il A EEE AR TTE -

WESENE I (FEEA/NYEST) AIBETEME T, It — B U RS PRARAY [ BE
1, MR AR LR T R T AR L R T AP RO TE R RS (REEESE T4
g%%ﬁ%ﬁiﬁﬁﬁiﬁgﬁﬁ¥>0%%,Eﬁﬁﬁiﬁi$%ﬁ%ﬁﬁﬁﬁﬁéﬁﬁ
N L o

K 3 LREE—AEERYAETE SR (51 B Raven et al. 1992)

3) JRAGH) B EEFI IS — B 1L B T A A, PR A7 3474 K &+

o BERERCTRRATOAERIS T (RO EXFIRTERETHITRE, (HEE N AUEL
BOr = R R BRI TAREL % o X BT WRR LR, 2 —FhRIRAE T, ERATE
BIERME A L RHRER © SIRERREML, B8 (K4) MBI AN N E
ERHENEMR— DI, HPERRuME T (BEE) —TEaENTEZSITT i, A
%gﬁégggﬁ%$ﬁﬁ%%mﬁﬁﬁwﬁﬁﬁﬁﬁ,ﬁ%ﬁﬁﬁﬁ&%é%ﬁﬁﬁﬁﬁ
5ZMA gE °
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K4 BEEAETES (5] H Reece et al. 2012)

4) FHEBIFR T Y — BT a0, AT

WEMERC TRE AT AR ST (U0 EXFRTRSE THTRE, AT EHRER
HIP T (M — BT EAGLZ) - My EYAFTEAT (Fik, BN ERTEY),
& BRI SRS AR B T EY)) | SAETME, RTUEEE IR 5 RO% 2 R
Ry ~ BRGNS REMT R SOy EALHIRBRAA -

Y (E5) &, AR A LT E H AR D EERT, IF 3EE 4an
5, WARZHPIORYL, TCPEETEAR T BT =0, ERZSPRPEBEEETHL -
%%i’g;}gﬂg TR S R SX Ml A 1 AR A A 7 A Y R R AU IR ER AR — P TRy A2 77

L o
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K5 MR TES (Reece et al. 2012)

5) TNt BERG & —Xo 0 B R B — PR & b

T REYIRIR T RENE, N ARG E B, Z0d — BRI IREIR, EEE AR T (A
W ~ I~ KIPSE) | WA RAN/INEIRERR o (BELRRIEVEZHEY) (ZIM B RIZIIY ~ Z19ER,
ABUEEIAM ~ I ~ RIHEE, ARRBIIARAR, POnERKINS) ERIIMCAERK
HIGER (Bl6) |, XEMEYIRIFTRELUS, BB, WSS IRIR, T2 EEE
RECERZF, WA ERSERL, KRR, RIE B B T
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K 6 EATHRAERVZLIN BHEY) — LI (o 2012 Baidu)

MM IR, MELMATRAE, D ERER G Re RN
EIRIE, (SRR BT (RAOHLS o (BAURAORA S K 2S4S BERAIN . PR ) A
SLOGBIRROINE 2 o BUNHS . (BREK R, BN Ior 2R TR/ NT Y o S A o]
7o FEEA . BEE KGR AR, REL IR, fEH SR RS o XA
KT TE YV EL R PR — PSRBT, fER AR+ 5L -

3. ZHYIKHRIRHTE (L s 28— M I FEZ I & T2 i 2

%% — A tR 5 AL Y SRS J5 LR B s IR ] SR 0, TPk, S B B A A IR HRAR
AS o ORAEFR R INR T RO AT I, IS RO () J5, LA R B s
g%g%§§§°%$%ﬁ%WEﬁ%%¥EWﬁﬁ,%%Mﬁ%ﬁ%@%ﬁﬁé&ﬁﬁ,

1) JERTAEE—F LT & T2 R AN

RTINS E S RS B0 SRR VY S — 5
(B 7a) ShEHSEAMOTCE AT L FIRORRAS 26 PRI | (T T8 5 A e 2
(B 7o) . BRWERE, ARBIRREE 2 RERSEARA TR ) HEA
HTERE LR A RIIORI) | B8, 108 FOT T (n) TR
RS, EREAT (2n) . JERROSBE A KR, e S0kl FBE T
o EFER IR, [EE] IR RS - ATHE ORGSR SEE LA,
SR AT EARMER FLROEAHG « AT A A00R A A A 2%t R DD T &

(paedogamy)

X, SANNERSE, K RO ZLE T IX 4 BB A TR FEIE? Bl —> 2n HURRATHE,
By den AN, B0 on (A EE T IEE DR 2 Do (U4, SOEH
Tz RS, FEALERNAY 2 D n (AR S A 2n IS T, TEAAA IRIRIIHER R EE -
A AFRIBGEI AR —NE, TG SHE MR TR G s H#?
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Bl 7 KFHEREGE:  (a) BRRHHIT a0 KMHA (B A B Chitchai Chantangsi #2
fit) |, AP APER (B HProtist Images $2{it)

2) PPE—MTHE O ZE R T E

YR A BN 5 B R Y FE T ) ~ KRB~ B S B3 [RIT RS E
YRZE o BEAERIEE Wﬁﬁﬁﬁﬁm%ﬁmﬁﬁﬁé@%%n RPN EE, BT RIS
T XSG IR ORI E °ﬁﬁi%zﬁﬁhéEﬁﬁﬁ@ﬁﬁ%@aﬁﬂ<é§¥§ii$¢ﬁbﬁ% o MR, —REFRA
BTN AoKE, T HRINERMAE -

RO NEEI Y R R A, TR KA
BRI LT I RR B ERES SR | U2 R BRERBIRI A

T A SR 7 L2 R PRAR B DL BB TR e PR, il A
SRR A G TR, B BARAIR o T R BR T (ARG R R B
BUER LSRR K ~ BRI A (RO
R A 8 PRAROREOTE T 0Tl BT ok AT R LA J e b (— ) |
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1. Be available: 2854 REfHIZHIFIR (7

"George meets with his students very regularly and is always available to them.
I cannot remember him ever cancelling an appointment with me despite the
tremendous demands on his time (he was Head of Department for some of the time
that I was his student). He reads drafts promptly and provides clear,
constructive comments. He is never negative and never belittles even the most
Junior of students."

"Undoubtedly the greatest attribute of Charles's mentorship style is his
accessibility. Rarely in the 6 years I was in his laboratory did I note him not
to have an open door to discuss recent results with anyone from within, or
indeed from outside, her/his laboratory. This availability combined with
Charles's approachable attitude resulted in a mentor that you were not afraid to
speak to, with whatever result you had in hand be it positive or negative. Even
after leaving his laboratory I founds his door was always open to discuss
scientific ideas."

2. Respect: BIEZEHINIEHIE

"Mary treats her colleagues, regardless of whether they are doing a PhD or if
they are a fellow Professor, with the same high regard. In doing so, she
inspires confidence in her collaborators.”

—MRME, PR SR — RS, B ST AL
3. Be generous: JoRAHIZ G

"Mark's magnanimity in sharing his own ideas and delight in seeing others
succeed has also been an inspiration, not just for myself but for a whole
generation of younger scientists.”

"Sally did and still does this by allowing them to run with ideas that she
helped to develop or even produced herself entirely and by allowing them, to

take on senior authorship on important papers even though she could claim it for
herself."
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4. Individual difference: HENZE4EFEZESRIIALE HERE G, 2L MESEHC
RN I

"A mentor needs the ability to create a unique relationship with each member of
the lab. Francis possesses this attribute and sees the strengths and skills of

each individual and then designs proJjects to suit these strengths. Her ability

to understand that not everyone works in the same way or wants the same things

from their lives enables her to produce the best results from people.”

"Not everybody wants to be a leading researcher and some have skills that better
suit them to other occupations. There is little point in encouraging young
people to take on a career to which they may be unsuited or which they will find
stressful or uninteresting. So I believe it is necessary sometimes to encourage
them into other directions ."

X B IEE B — — W RN ABES B RN TAAEE, B Eae—MHKR
B APERYEHE o IFUIJR S [2]48H, there is more to life that what they do in the
lab. They need freedom to "smell the roses" as one mentee put it. If things
change and appear to be going wrong we need to try and understand why. If
personal life is becoming tough, then give them time and space. Good mentors
make themselves aware of this. Again we are often so busy we don't notice. fff
QL, A good supervisor/mentor appreciates these differences and does not try and
fit square pegs in round holes. They know when to back off and let people make
their own decisions and when to come in and offer support and sympathy.

5. For Life: —H A, %“?7?2

"Hassan takes a continuing interest in his students: so, twenty years after I
completed my PhD with him, he is still my first port of call when I have a
thorny issue to discuss, or urgently require a reference - and he has never let
me down."

"Agreeing to supervise a PhD student entails making a commitment to much more
than the day-to-day overview of a series of experiments, or the development of a
programme of analysis that leads to new physical-mathematical theory. It
involves forging rapport with the student that potentially lasts a lifetime."

6. Actively research: 21 g —2EH0F50 T AF °

Lead from the front, be a researcher your self, white coat on and not desk
bound.

7. Balance direction: X ZENFifZ%F explore H IR EM project, X E7FZEZEH]
I 1R2G T2 R IEHITE S RE I, LU ] LI A U fE im0 H 1 FIREs) 1

"As a research supervisor and mentor she/he has an incredible ability to find
the perfect balance between: allowing the student to develop and explore their
own ideas, research plans and proJjects; providing them with expert guidance,
direction when needed; and most importantly providing the inspiration to achieve
their best."

8. Celebrate: K= XFIMNTHTIHTH
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"Jane sees the importance of bringing people’ s social lives and work lives
together. Our lab is always keen to celebrate the achievements of its members
with coffee and cakes; outings for lunch; or BBQs at her house."

"The first time a person comes up with a novel idea or experiment of their own.
This should be an occasion for public recognition within the lab as it is a
milestone of great significance for most young scientists."

9. Building a community: 7EGFF02H HEEZZAIERTHR R S IXIFER Sen&EmIF &S

"E1i manages to create a nurturing yet scientifically intense lab atmosphere
that promotes the production of high—-quality science without the element of
interpersonal competition that is unfortunately so evident in many laboratories,
particularly here in the United States”

10. Be social: AF—#Edr~

"I aim to build team spirit by supporting social events throughout the year and
by celebrating every birthday with a morning or afternoon tea at work.
Originally I organized social events myself, but I now leave the details up to
group members so that we can enjoy a diverse range of events that reflect the
interests of the group, from canoeing to karaoke".

"The most useful single thing I've learned is that chocolate biscuits do more
for everyone's good humour and enthusiasm than any amount of feelgood talk. The
role of blood sugar should probably have been obvious to a biologist from the
outset, but I only learned this by experience. Mind you, cheerful and
encouraging talk are good too, as also are gin and tonic."

11. Create networks: 2824 0h&E1ES BRIV <

"An important catalyst for many of us was Rene’ s attitude to networking — he
endeavored to send all his students and postdocs to good scientific meetings
because he realized how important it was for us to start making connections with
peers in our field early in our careers. Right from the start we were exhorted
to take every opportunity to talk to people because it was a strongly held
opinion of his that you learnt just as much at breakfast conversations and in
post-conference drinks as you did from the presentations themselves. It was not
uncommon to hear that he had lobbied for an opportunity for a postdoc to speak
at a conference rather than doing so himselfbecause he recognized the value of
becoming known, especially given our distance from North America and Europe."

"Elizabeth has maintained contact with her previous students and is quick to
make links between the many people she knows and any project that comes under
her discussion. She encourages collaboration and would very quickly point to
potential collaborators. Liz also would be quick toinclude students in on social
occasions with high profile scientists visiting the university. This allowed
students to get to know the scientists, and vice versa, and again served as a
time when students could voice their thoughts and ideas to very knowledgeable
and experienced researchers."

/N ZINHJ comment: R HAS B AEIX U7 [ AT LLANGR o Fbin, /ERMAY “contacts to promote

their students and young staff”’ , Fran “When a distinguished scientist comes to
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visit the School they, not only introduce them, but also give them an

opportunity to present or discuss their work” | Fb#[l, WNSRBEEZZAIIE S —LLH A
A BRI R BB T o
12. Question & Listen: [HJIF[A@H, MUK FHIE SR, H—1FH I A persistently

keeps the questions flowing to help the answer come along

"Rather than directly providing me with interesting ideas, he/she is able to ask
the right questions to allow me to come up with my own theories and ideas."

"Elspeth makes you feel special. She makes you feel valued and is genuinely
interested in people’ s welfare. She doesn’ t preach. She questions and lets you
speak. She listens and provides an environment where you can put forward ideas
and then she facilitates the evolution of your own answers."

13. Enhancing criticism: ﬂﬁffé?ﬁ?]?ff. #%f?‘vﬁgﬂ7ﬁ%%/gébw

"Catherine has focused on equipping people with the skills to be fully
functioning members of the scientific community, able to prepare grant
applications, review manuscripts, speak at conferences and engage with
scientific administrators in a constructive manner. Such a holistic approach to
running a scientific group will ultimately bring enormous benefit to the

group’ s alumni, giving them all the skills necessary to carve out their own
niches in the academic world."

"To the uninitiated, the scientific literature is a baffling mass of conflicting
ideas and results, accepted wisdom and false assumptions. The mentor can help by
alerting the new student to papers that he/she considers of particular interest,
and by going over the most pertinent ones with the student in some detail. It
also helps greatly for the laboratory or department to establish a ‘Jjournal
club’ where students regularly take turns dissecting one or two relevant
current papers and their background, with input from other students and faculty
members. Participating in such discussions can greatly sharpen the student’ s
critical acumen and judgement."

X EIE —BOE IR, AR R, BRI = FE R E L AL E RIS ——

“A journal club is one strategy, students should not only participate in the
critique of key papers but they should regularly take the lead by selecting,
reviewing and critiquing papers themselves. Students should be involved from the
beginning in the team's grant applications. They should also be put in the
position of interviewers in mock interviews. They should take the position of
journal referee of papers submitted from the group and be encouraged to make a
decision re acceptance, resubmission or rejection. The actual reviews that come
back then provide the basic for a very rich discussion. In summary, we should
create a situation where our students practice all the things we do that make us
a scientist. "

14. Enhancing writing: G2 4EHIRIZEEEET], EH2IFH] writing it 24 HHE.
/%A

"Given the vital role of publications and grants in any scientific career,
learning to write effectively is an essential key to career advancement.
Therefore, I try diligently to instil the basics of clear scientific writing.
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After an extended discussion with the student of the results to be shown in a
paper, I nearly always let him/her prepare the first draft and then begin the
reiterative revision process, using ‘track changes’ to show what has been
done."

Fir LL, —/NFHZE ) & present students with a manuscript they have not seen with
either the abstract, introduction or discussion omitted and getting them to
write their version which can then be compared with the original. [FUIXE[2]15
Hj, “The more writing we give students to do the more we burden ourselves but
that is part of the contract. A positive comment on all the mentors was that
they gave feedback on written work very quickly. Hard to do but essential.”

15. Enhancing presentation: good readable slides, logical presentation, and
clear speaking

" She also expects students to give practice talks in the group before
presenting at conferences and has developed a good technique for improving
seminar performances through questions and feedback."

"Although few students have a natural gift for giving a scientific talk, all can
learn if given sufficient practice and advice. I always suggest that the student
provide me with a run-through a week or two before a presentation, to allow
sufficient time for revisions."

W OBE/EEIATEHE, “This was often embarrassing in that the standard of honours
seminars and graduate student presentation was way better than the presentations
of senior staff members the students experienced at conferences. =~ HISIGIEHE o

16. Seek feedback: HIFLALEFINE, W45 2 14

BIEERE, XD “Self-assessment: how good a mentor are you? FELEIRANEZHM
Ap -~

ZE T

[1] Adrian Lee, Carina Denis and Philip Campbell. Nature's guide for mentors.
Nature 447, 791-797 (14th June 2007)

[2] Adrian Lee and Larry Hulbert. Guidelines on Research Mentoring.

(SREELE HEXF)
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It lies afar on the Z-prime plane,
Conformal, mapped by a Cauchy brain,
Where genius sees with the complex i,
And the Spirit of Functions dwells thereby,

It is there, it is there, my child.

(SREELE HEXF)
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