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Abstract: Molecular markers have been widely applied in the conservation of endangered species for
revealing their population genetic variation and evolutionary history, providing essential information for
making conservation strategies and conducting restoration practices. Here, we introduced the applications of
molecular markers at different stages of conservation efforts: (1) Molecular markers can be used to elevate
the precision of identifying conservation units such as excluding the influence of cryptic species and
hybridization. (2) Phylogenetic relationships are useful for distinguishing conservation priorities for biod-
iversity hotspots and discerning species and populations. (3) Molecular markers can contribute to instruct the
strategies in ex Situ conservation programs. (4) Dynamic monitoring and assessment of conservation
activities can be achieved with molecular markers. Finally, we discussed the prospects of applying molecular
markers for improving conservation strategies considering global change, including long-term monitoring of
genetic dynamics, the use of conservation genetics in conservation management, and the development
conservation genomics.
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(Butchart et al, 2010). FLH R, Br TR TAERA
YISETE b, (R B MR 4 — A T, T
50 95 2 ph T 0 B A AT > 2 A
HRE. PR R AR . . R
o R VOB A 5 R R, T T AR
FOBEAE TR GV 2 (S B W A £ R
PEL ST, ARG A RGIEEAONE, BT
TR 0 e A SR B ). TR E
B A AR O 2 B 1 1 0 B (R
B 7P (2 B R B A, 2002 T UGG /0 B,

2003; HEZEAMTE XKL, 2004; FIGIERE % 2009),

WA — LT FARL N AR ZEMSE, 2000; =
SCAEANG = B4R, 2006, AR ELL, 2014), HA W
MR RS R AT I IR . IR, 2> FhRid
BRI TAE TR & ek, I BAERY 1)
ANF R RAEWIAE AN o A SRS fE 0 R
P RE A JUAS IR, RIS B IR A AR
TG, B s R AR Se 1, PRI S s R
IR RIS, S a PR ORI R & (D), ARy
FARICAE— R IR AT o S S2 R ATt R . B
B

1 RiFBITAIIRZ

B 5 TE B R ORI GO AR 2 R R AR 3 () T
FRANFERE . SR1M FEAF Pl (cryptic species)IAF1E 2 5]

WA B MR HTRYE, 2 SRR R A,

MR RS, RS T M e, =
BULAE R h 0 2 T 0 Rl K 2838 R 5 el el T

MR AE, FEOMRERUS N BORGA Fh a8 4% [F) 1 3
FIRY, REEFRVILAIORY o B HERR LU RS
AP AP B A AT, H2G iA PR 5T <5 AN BE TR f 7 2
TRAF IR L
L1 [RfFEFEYIR A

Fafet RIS BIRA 2 5, (Higfe 5y
AL ak B YR e UL B L AR S (Fiser et al, 2018;
Struck et al, 2018). Xt B A7 46 1) 58 KK 9 AAT)
XAV ZAEVE RN, $EE ORI A R . DNAZ
JEAS(DNA barcoding) 1 3. F A U %5 5 7 Rt
PRt 7, Bhi b Sk ik A i a2 AR SR T
H:(mitochondrial cytochrome oxidase subunit I, COI)
Jed i IDNA SRS, T AEREA) 0 5 A -2 ik
AR 1,5- — IR R AL B/ 0 % B (ribulose-1,5-bisph-
osphate carboxylase/oxygenase, rbcL)FlaZARFEK &
M (maturase K, matK)%5 3[R Fr B A7E NG,
I 5% TS DNA 41 1 22 57 ] DA% 5 AN [A] 1) 73 2K
BT, Flhn, o E K857 (Andrias davidianus) 2 i @
(critically endangered species), A~[E)Fh#E[E] A H
BHESZESR, KPILURBOA A G —Mfr. &
I, Yan%E(2018)K FHZEKi/ACOI. Ziffifi Kb (cy-
tochrome b, Cytb)FlE 3£ (displacement-loop,
D-loop)ZEDNA v B, KIZAN 5N AS A ) 52
R, A SR BEAERD, HESAERN
I SKARE R G, RANRSE ST
EERA AT R B HMEEREGR AR E E
Bafi A . 2 W RS A8 (Quinchamalium) 2 7
B AR(Q. chilense) 7 g %2 55 10 Ll Ik ) SR HE M L VD iss
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Fig. 1 The framework for the applications of molecular markers in the conservation processes
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e Ll e AR AR B AT A, BT PSR AR B )
AR5 BAAEAE AR (thrum flowers); T /& LU R
MAEST MR 42, KL E(pin flowers).
W 70 3 K F A% B A4 % 5% [A] B [X (ribosomal DNA
internal transcribed spacer, ITS)FIM£R{AZHALtRNA
BItrnL-FIX [ 26 TERS 7 41, 44 w5 Ll AR PR AR 55 (1) o 28
X 7 oK, ARTGTE X 73 i S e ATV IBE X 38 A
&, B, ZRAER TEAR S IR vl A &% F
FELE2 AN BRAF P, B S B8 DN — 0 5 Fof AR iy Ly o
(Lopez Laphitz et al, 2018), KILAEH & % —# 57
FEORY B

WA RE IR 25 501 HH B AE Fl, FHARAE Y P 2 1
Mo PSR IRYT XK 2 R AR 0 3= & FE AR A
(B E 1K, T RSAF 0 1) < I R 48 7 A 0 R AR5 A7
B, SEINVEAL X R 2 RN BN, JEORINAEE
i L 22 R0 R R 18N, BT B Y
ERATTE R, R 2Rk 12S A 16SZmbd 3L K 43 # )5,
VIFRECE N 2110020 M, 35X — i X B DAl A ik

AE TR i) HA e M B 71 B S SR A T 2 A A
B, T ] REAIAS MG AR B . 7R SR A EL
B WIS Rl b 558 HERAE R, SR RN
VIR AP A B T D L AR Ta A, P F
VR fE R EE P Re B, IF BRIV A AT g 75 AN A
[PIPRF KM . 45140, Ravaoarimanana®$(2004)°% FH £k
FiAKD-loop M Cyth F Bt Hr KB, Sk min & —
TN Lepilemur septentrionaliSTELE2 N B Fh,
ITT e 2 BT Gy O 44 31 T R B i, b
Sahafary i A2 LT M A S 8 o (R 95 fe o, i 75 1
M) € PRI TT R

HZMREZ, ARAMEESE EE T E—A
Vi, BT FERILH B R B 20, R IR E
XMEE, AR TEDZ R Fln—Le g
A VRS 2 2K (copepods) TETE#S |2 RARK, SRTI7E
DNA IR F A IS4k, P e 18 T [F—
Y% (Anton et al, 2016). £ FAFEEAFMENA
(5] FRI A 23 0 0 AR AP, AN AT B PR ARG A R A £ 2
BRI, AR 2832 Bt I DR B U
1.2 ZRMETIR S

A AT A R A b RE R ST ) 2R TR 52 I T B
(), 5 AR A AFAE BRI G . BARIRAE X AR
M ZFEVERAEREA — g fi Ak, ] i s AL PR Rl

T AT /NP8 o 2K, AR R AS W m] BEXT AR ) 2 A1
FEAESEENE, FCanST R M (R AR TR RS . RS
R R ARiE iR . A KA
A CHRE T 2 AR AN PR A ol B G LT A 2 T
A] Be 2 A Fh A 3 (demographic swamping). 184 [F]
fk(genetic assimilation) 5| EEFPHE RGN KI5 A P K
#fi(Levin et al, 1996; Todesco et al, 2016). i, %
AMYAT- T 3 45 50 5% 7 M A 5 17 22 0 M0 9 i A8
T X 40 (Canis rufus) T FPEER R ™ &K B#,
SHEMHEMZBIR(C. latrans) 74 28 8, £ a1
FAAERE R AR I R o AP IR LR PSR AL W 1)
kA, SR M ET A S Y E B R (United
States Fish and Wildlife Service)JF R | A\ 4 skEf
AEANK AT B UG BR BF AN MORE, P I8 B A 4 3R
Y AR RENE I H, SRR 4R (Hinton et al,
2013). ChiangZ5 (2013 K I B K E 2 &
(amplified fragment length polymorphism, AFLP)Fx
WWHHFE R, &8 AHPIE M & 4K 758k (Cycas tai-
tungensis) 77 7 # el 25 %% 5% 11 4 Sk i % A 75 2% (C.
revoluta) & K25 (I G, $27 X0 A i d i) O 47 75
F EAN R EL DR TS 1] 7L

X TR A S EAF R B 1 R, H AT PR E
ZMRP AL —HREIEAE . F2FE NI
A B SLAEMSL B, Jo 7R H O EAT2 K 4,
WA AEZRASHIN A Be HIAE R 44 B b (Allendorf et al,

Z(Endangered Species Act)HfiR RN FFAES
A, “aippr g SN S R gon . tean, A
112 54 (Felis concolor coryi) Bl & 7 8] 24 22 1 3K,
PIRWMRI B £k, 28T, HTAEY 2R
TRAP AR & 2 TR 518, 19904 X R R T AR
PRAFIA SNE R, B ETERIMBIIEFE R 4 5
H1(Rhymer & Simberloff, 1996; Mallet, 2005). Jackiw
FQO15)HEH MAERJEBEI .. EHE. ERR
G DRSS T TR 5 A ) AS 2 E 1 (TE AL 2 A
KIS S FIEME)W T LG HE R, XK
P AN [F) & BE SIS 1 DR HEZE .

B A A A R A M Bt 5T A ) TR 2 T g O A
TAE, &R R T 5. B2, FRE M
FUEE T AN B XA 2 FE P PR Al (R A
MIZEEE, 2019), %€ MR AR RN TR TR
RIHIE ;T BG5S M 1 /R AR
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A 2% FE (MR ™ 0, 2017). (R, 7EFRE AR
NG PRI BT ) 2 5E 5 R SEERAR 4G 45

2 WERPHEME

2.1 WEMEFRPXE

AV Z R SHIX RAESRAE R HESE
R X3, 3Rk F S AR IR o5 e e ) AE ) 2 AR
(Pacicco et al, 2018). H FIXMLAC IR X I3 K2
REEYIFH 5 AR A, UK ESRGEZH
PRI 55 1 55 07 ThT, MR Jasi At Z e, a4l
8, AR X B 5 sh A S it 58
R 6% T i84% 2 1 (Muenchow et al, 2018).

SR, PR 22 R e ) XA — R R iR AR ) PR 4,

BRI 9 A7 RT e 490 b ZEL RSCRH ABATT A6 DR 47 1) 22 4K S 5 i
F] B —, Bt LAIE 75 25 8 Fh 1) gk Ak i se FAE S T e
(Pollock et al, 2017), T H 75 FAric @R RFE K
BT DAL EE 3 S R G S o Tucker¥5(2012)
KL 2R FIAZ DN A 304N K] 5 471 % 7
BT 2 A HE W P17 X (Cape Floristic Region)ffJ 1l g
IREL R 2 FEPEREAT VR, Al TR EE
fE\ RAKE 2 FEMEERALRR R € 7 S K
Y AR b ER DA A R (— s YE A Y

Ykh 2 BEINBLI) 2R G B 2 A1) 3N R b Ja &,

A i IR PR A b R A B b e B S
X ARG B e, 32 B2 PR O I — i X gk A R
PES B FRA R A DS, BVRE M EA TR
PVt AL AR, DR LA B ST A St AR 3 DX s 2455 1)
7 [EIX e H AR R o
22 WEMARFYM

B S AR 2 R PR DR XS A S v A,
PRI N2 FE AR L KT . TUCNSKS P Fh Wi e A2 B 11
PN FEZRIE A DO/ MR MEZ D,
TR AT 1 AT T PIARE(TUCN, 2012).
SR, A2 G R B A 55 1 R G K B Hi A,
SRR B TR, e — BRI
HERHEALE B EK . Vane-Wright%(1991)/ 44
T R R A SRR I B TV, 8 YR A AR
b 5 A A ) R A U AR, R
= IR AT A A S PR (phylogenetic conservation
prioritization)%} % . Z @ Isaact(2007)%¢ H 1t ALk
R Je 4 Ry fE (evolutionarily distinct and globally
endangered, EDGE) /7%, 1to%5(2018) K FIAZITS LA K&

4RI rbecl. matk. RNAKE A BRI 3L F K (RNA
polymerase beta subunit gene, rpoB)FlIp'iE 3 Al
(RNA polymerase beta subunit gene, rpoCL)5:54
B, W 7 KEERIKE R (Najas) 21 MR R 4t
AR, THE TR EDGEE, % AH H A R
HEA SRRV (P AR AR 2R g 2 4 AR P A A
(1) 43 3K FE B AT A B A R 02 1) S R S
KA S (FRIETUCN W & S5 0 MR AE, 45 208 e A
R THEAS Y, 45 SRR TT H AR K (N
ancistrocarpa) 2 A B & 11 R G 8 & Mg, FIER
ZJE S AL S IR IR
2.3 WEMEFRPFEE

XF TR E R RN, RS 2 AR, %
TA RSB BT PR, 75 EAE R P Fl
R % B L S R AR o 1 0 S0 ORI PP 4K
Pt AL Z e S Lo A, IX W] UK 23 1 FRad gk
TP AL TR AT . AT e AR i 46 B
BEHLY 3 2 & DNA (randomly amplified polymor-
phic DNA, RAPD)MIAFLP, 3t V&5, B
P B K B 2 A 1 (restriction fragment length poly-
morphism, RFLP). & .8 & J¥ 4l (simple sequence
repeat, SSR; X Ffif TL & (microsatellite) 5y 5 Bk H
5 ¥4 (short tandem repeat, STR)), &4 3T DNA
FFAE B BAZ R 2 A 1 (single nucleotide poly-
morphism, SNP). 8 FH i &l 7 H AR 1) 16140 2k
ZH I ¥ (reduced representation genome sequencing,
RRGS). % 5T A4 4 5 H1 () B 7 S5 R id
— M LI AL Z A (W R 2R A BEER 2 8 A RV E 4
EL &) FR AR 1) v K25 RE AN 1R D0 26 DR 4P I (Petit et
al, 1998; BR/NFEE, 2002).  EH T AN [FIFR R X P15 0
NI FIANIR], PR E RN R AT e SE B B Rk AL
TR R, I Petit 55 (1998) £ Hi # d if # 1k
(rarefaction) b 3 [ 55 A7 5 K] = & AR A e A
TR FEE TR, X — SRR S A
EE 2/, I H i BEROU TG ZOR B /N AN 2
EURERREE IR/, 1248 FR 48 8 A PO AE S 10
& Z FEVERTEAL 204k AR DTlk, DA 5551 Hh AR
FefRAPAIEE . (HR, X —TJ5EMKRR R — M T A
TR B AL R PR RO i 5. Bl R 45(2004) )25
JE B R 2 TA) ) 1A% A8 S, o L 20 T B &S A
Seth 1 — M RGP SRR PN 8 A% AR S AR () 5
8 22 S I AL vT kA R T
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e S PR AP Bl A 125 RE Ak T 5 T 3k Ak 2 35 ot
(evolutionary significant units, ESUs), 1X— &5 5
HHRyder (1986)#&tH, fi&—4H bk HA KA
SEE AR A, TR ORI 8 A 2 RE IR — 2
AR I ESUs— AR 8 5 DN AT 5
MR RS K BRI E, E3EL 5 & (mono-
phyly) 1 —H A FEVA{E1MESU (Moritz, 1994a). {H
7, ESUSHIRI A I A7 AE — AN BE S R S R
BRI DR AR 1) R, 4 P A A DAAE AR (1) o s )
A B RS, ) — & —— # 5 T (management
units, MUs){R4FHufF L 73X A A . MU R 52
FEHFAE 5 AP EE S T (demography) RRAE 45 &, it #F
) A% 2 TR B 0T A 6 DR 7 R DR A 2 b AT J 35 22 SR 1)
BTG, A FREE & — SRR ) o0 B B R AR (I 4
W EE Ry A AE 1 BHE T YRR 5EMUs (Moritz,
1994b), ZKI 734/ 1 RGP ST BEE ], 5
TR SZ K (Moritz, 1994a). AS[EFESUs, MUs F- 55
BT AR AL R AN PR SR AL R R G A H
RER, B RERTTIANE P SR MR SE AL, & T
AN &K & # 11-%1) (Douglas & Brunner, 2002).

3 {RFEHERIA

IR P (ex Situ conservation) & X} F HL AR (in
situ conservation) ) AN 7S, B4 H br & i L n] KF
S 25 A7 i 4 LK R BE 9% [B] JH (reintroduction) 2]
§7 4h 15 P (Williams & Hoffman, 2009). A £F4:4:
FEMEEER B — 0 e A e &, BT Hh R4
5 EEVTAib g e YA (R84 AH R L, DAk
I R R BE 3L 3 (founder) . K E b, &
BI) JRy 4818 B S B e 2 IR, I ORI A AR B 1%
1E— N H .6 N 1% B (Witzenberger & Hochkirch,
2011)0 /NRUEE b, WO EFAE AN A B B R0 R 2
THRARZ NG R, ERE - NEBEHIT
W o T2 2R B 18 % S5 R BRI 26 1) 55 A7 L R (Saura
et al, 2008).

RIEE| B BEAR, A TTERNZA T
T AR R EEFE AR T ORI PP B A B0 2, X UL 2E
FEAMRIRNPSE G R R AR/, IF HAE H R HI7E
ML RN, %7 1R PGS JE R A AT 35 5)
SIATHIES, R ROEE G S A R % 2K (Saura et al,
2008; Witzenberger & Hochkirch, 2011). 52 /%,
Ty —Fh 7 VLSRR B B R 5 R BT AR R (1) S AL

TR o (HAX AU SAELE R 7 TR ) R — i
HMp R AE N A0 oo R b2 DRI R T AR gt A%
RN, Bk A B 5 i R B A AR ACL ) 2 R R
Ty A7 B AR PPRE AR AR R (1) A T R AR DA g R
FEIEHRREE A A ORGP R S AR e 1A, %t
FhEE T RAH AR B )5 5, 23 5 0 212K R (1] A 1)
AR TV IR PR ORI RCR, S5 R
SR Pk FEE A i/ N EAH # (minimum  coancestry)
(R 7 0 DR AR i ARRE (R A% 2 AEPEBE AT R, B3R
TR EAE—E R R AT S AR B B AR 2R
PREFLE ] 8252 197K~ P (Saura et al, 2008).

BN b OR B S B R Iz SR IR T
% H (captive breeding), 1% /7 % i #] 145 HY B4 35 35 It
R 5K Rl 3 (pedigree  data) K H Wi 25 2% ¢
Fo A, BT IO E TSN, A ATk S
R B (A A M40k &, BV BE 2 2 B % (foun-
der assumption), XHUEAL 7 FEERIL S R, BR
A TH EARIISEZC R, T RG-S B AR 1) B
YLk (Russello & Amato, 2004). [ 7> T AW+
REVRRE, KA Fhricts RBFREF IR 7
RAFRCR, 3+ LA R Sh i i oR 40 BIF 52K F 1 73
FARIC B R 155 07 B . AFLP 55 36 A8 Ry 28 fi Ak
DNAJF %], SSRsLA KK 7415 255 . M ¥
Fric, B A AT L I HE MR TR SR 200 R, EET
IEWEON SR A, RmEETHRIRIE, KIPRE,
T EAF X RIPPYIREG SR TR EE
BeXt 77 %8, AR T IRFEMEE S AL Z A1, PRGN i
T R 384 J5 S (Milian-Garcia et al, 2015). Wit-
zenbergerfIHochkirch (2011)7#H7 1" 1885 SCRR AN,
55504 A4 R % HR AT 52 56 38 52 00 1Y) 50/500 92 1)
(Franklin, 1980)AN[H], /0 100/NMEHANMAA REH AL
HEAEAT A2 FE 1R R E 2 FE 12 K o

XFT AR, T B2 — P 250 th R
o7, BATOA ZAEF & T E, bl
B FE W) 3 K (Israel Plant Gene Bank). 4 [F Hf 4= 4%
7+ ¥r2x(New England Wild Flower Society). F[E 7
B B AR A2 R 5T B U E (Germplasm Bank of Wild
Species of Southwest China)&s . KEEFH 1}, &
T A AN A (R 25 18] 3 A, AR il - A 1] 5 DRTALAIG
()4 Ff . HobanA1Schlarbaum (2014)3% FH i A LA L,
g5 T A MR SR A DTV WA 2 O A X B
IAE BEAS DX IR — PP L BCRKE, dispersed
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sampling), IXFEIRAG I EEALHE R B & R AE— oA
X IR AR BT A B R R (A B FE, constrained samp-
ling) () 1.754%, JF HIZXF )2 0 A HBEAZ 1)
T v SR A v SRR MR (R MR 25-30 1) 2 B
P HENE o

4 IR AL

TRY AT B S S5 A A B P B A 4 AT
WIANPEAY, DMEIRAIET T AREaIES, HE R
BRI MG . T ILAEER, R85 0t o0 s AR )
T AR & SSRs, KA il &5 AR IR AT R
FEDNA 7 471 1ok 1 22 b S7 FH b B J AL A 58 o Xt
T8 A% HHE R AT W R A AR 18 A% 43 B T SR AR OR A
FRIEERIE S, WWEREE., HEBEREE., B
REL ARG AR bR . AR5 FE
AR IR A -5 35008 15 2 A SR R, VA
PRI, NI 58 R BRI ER AA TE fiv B 1 3l
— AR T B B R A PR R, T8 e 2 A T
AT DARE I 22 A R RS2 T I AEBEALAC BC I S, anfh
TRy (Wahlund 208 ) 11 32 F2 i 45 (Witzenberger &
Hochkirch, 2011).

WG R A AR A B R T, RS R
DL ) R, {ER A IR A A8 T e 2e 5 i L R,
1 AT 38 1B A e 52 3 08 J3 ol 2 A U G RN A R 7 25
2SRRI FEGRIE S RIS, =&
S5 FhRE T SRAF AR BE 1Y XU (Edmands, 2007). K
SSRsZE 4> FHRin PR f, T LA BT 135 S o e o e
2 I AT B R IR, SEBRERAE R I AR R
(R RERAT R BRI A2, FF 2 ADEPR A AR S 22
RS0 A8 0ONE, DAY /NI A8 A/ B8z A8 72 38 1) A
(Edmands, 2007).

V2RI H ORI R 4730, Hife
IR AR RSB T RIIKE, (HR AR E K
FIHARKBELT T COERINIKE, BL T
FEK A I, R B AT R i
White55(2018) 12 1 K FIE [7] )5 184 (14 7 314
FREE, T ARG VS R e C SR E K
Ih,  H K F SNPs 43T bric 4 [ 3 Ff i 5 >R I8 Fh
T I AL RRAE AT LA, RV MR IR~ 35 84 2 4
PEFZIR B PRI K, HE A Le AR BT
FVE T B AL A K LA FRRE, i i A A 1
HH FLAE FC A5 [ VAT B 1 383 4% 22 REPERE SRR, 5t

B DR AP e TR B AN [R]F R 1R AN A4 AT 488 vy o i A A 1
BEZFEME . (HJ2, AR —IRHN$E & e 24
PEMIVR &, X2 2K S AR (A A% 22 5, IR FF
— € WUE AR MR PRt R OB AR R S LR .
Li%%(2005)% FIRAPDsX tb 1 7K #2(Metasequoia gly-
ptostroboides) A T it B AT A= B (0 38 4% 2H R,
RN THAREREAE 2 FE AR T B AR, I Bt
A 2H RS G B A T TR) B AR AL, Sd s 431 FR i o i
AN [F) AR AR A S RN T 0 S s A7 AR AR v ) gt A
FBUME(Chen et al, 2003), Xeb4s BEHKAZ AL
TpRE Fp A 1 51 e e o T — Bl ey T 40 K b T 1
BB 5| Fh A WE T

5 45iE

G3 T AR S TG ) AR AR A R G R
BETRYE T EERER, JUHE B TS E A
AR RS TSRS TN T R DAk
RRVR N, FEORY R i B2 [ AL R 3R . 7ER
KA Z R TR, BUCK 5 FhsidsR
NEFTCAR JUAN 7 1T, DA SE b F 2 3 0 M £
PRI E .

()FF & 2 ORA T 1 A% 2H R R A A AR A s
H X 75 1 1 5T 9E 5 2> (Witzenberger & Hoch-
kirch, 2011), &A% W AT FPEE NS a0 —FF, 25
PE PR IR LI RIS B, PR E % 4 s
ARG HHE A 18] B B 5 S R, AT b B 5 A S
A e S WLRHEE I N AE AR AN IEAL o R T
ANFREEET AR 5, K I8 A% s I 5E B Db M
AT AT M

(2)H4 Wi fes 1y M b e 1 A% A5 B 48 2 AN T O
PR RIPANETE B ST 2ARHE, W
BRI RBAE (S B4 2 T e e 51, it
(S ANICIVEE S HE I IS MINITEE S E - SRRV
H A, FE N AL S BT R ORI SE AR Wil fa 5h 4,
JCH 2 = SRS B an K e (Ailuropoda. melano-
leuca) 1452, F R T B AFRE ) E0H: L TR
RIRF oM BEIFEF R AN BRI S ATTE
WKL B | 4ERP PRI A 2R iR
. BHAIEMOEEIR SRR N (IF 22 565F, 2019). MG
YR, REXH M SR, BEBE 4%
FEBFPRFE B AL 5, G0 ORFFIE AR AL ) 2 FE .
Tl B AT B AL HER S5 (Ren et al, 2014),



R FUIRIES:

73 FRRCAE SRR ORI S 373

PR A I S 1 4 1) 33 87 A AR ) R A8 4 S B AR AR
Mo B2, HATZ &M% Falk TRt (E L
RSP, 5 WLAR PR FR N A B a8 A (5 2 S Y 5
By XS [EEEEAT SN, W %o AR UG Bl N Fel
T (A5 R St A AR 8 AR A5 B AR 51
EEIH, KA ORA TAE SIS 2.

(3)HF4 I FH B H AR 7 - BOR AN o #r 7 VR S
FRAEAE 2H AN I VAR A5 S, B T A Bk
S NRIP RIS A E . R AE BN SR N
TR SEBOR 37 H ARt 7 8 AL 2 (Russello &
Amato, 2007), R4 15 1% 2% (Conservation Genetics)
B4 A R 3 3 [K] 2 22 (Conservation Genomics) A& o
B EAE Ry HEk A= ) 2 R 2 1F &I’ (Barth BioGenome
Project) (Lewin et al, 2018)I1) = £ i 2 —, {5
Fiz RIS, JCH R AR Ja I g 52 BB P A 5
[RIZH /) 75 R (Exposito-Alonso et al, 2020), @il
2RI T AN T CRe i) A2 & MM AR ), IR R 245
SN T A 2 FEE OR3P 4 D 4 BRAR A (B0 45 U Al
Al NSTEEN TP T 5T 6l € A I 1 PR 4 i i
RS, N ELF ORI BSE TR A S R G it
B HITE FHELE

B3 30k

Allendorf FW, Leary RF, Hitt NP, Knudsen KL, Lundquist LL,
Spruell P (2004) Intercrosses and the U.S. Endangered Spe-
cies Act: Should hybridized populations be included as wes-
tslope cutthroat trout? Conservation Biology, 18, 1203-1213.

Anton RF, Schories D, Wilson NG, Wolf M, Abad M, Schrodl
M (2016) Host specificity versus plasticity: Testing the mor-
phology-based taxonomy of the endoparasitic copepod fam-
ily Splanchnotrophidae with COI barcoding. Journal of the
Marine Biological Association of the United Kingdom, 98,
231-243.

Butchart SHM, Walpole M, Collen B, van Strien A, Scharle-
mann JPW, Almond REA, Baillie JEM, Bomhard B, Brown
C, Bruno J, Carpenter KE, Carr GM, Chanson J, Chenery
AM, Csirke J, Davidson NC, Dentener F, Foster M, Galli A,
Galloway JN, Genovesi P, Gregory RD, Hockings M, Kapos
V, Lamarque J, Leverington F, Loh J, McGeoch MA,
McRae L, Minasyan A, Morcillo MH, Oldfield TEE, Pauly
D, Quader S, Revenga C, Sauer JR, Skolnik B, Spear D,
Stanwell-Smith D, Stuart SN, Symes A, Tierney M, Tyrrell
TD, Vié J, Watson R (2010) Global biodiversity: Indicators
of recent declines. Science, 328, 1164—1168.

Chen XY, Li YY, Wu TY, Zhang X, Lu HP (2003) Size-class
differences in genetic structure of Metasequoia glyptostro-
boides Hu et Cheng (Taxodiaceae) plantations in Shanghai.

Silvae Genetica, 52, 3—4.

Chen XY, Lu HP, Shen L, Li YY (2002) Identifying popu-
lations for priority conservation of important species. Bio-
diversity Science, 10, 332-338. (in Chinese with English
abstract) [FR/NEA, FEEHE, TR, ZEEE (2002) EEY)
TR SetRAr BRI A 2. A2 ZHENE, 10, 332-338 ]

Chiang YC, Huang BH, Chang CW, Wan YT, Lai SJ, Huang S,
Liao PC (2013) Asymmetric introgression in the horticultural
living fossil Cycas Sect. Asiorientales using a genome-wide
scanning approach. International Journal of Molecular Scie-
nces, 14, 8228-8251.

Douglas MR, Brunner PC (2002) Biodiversity of central alpine
Coregonus (Salmoniformes): Impact of one-hundred years
of management. Ecological Applications, 12, 154-172.

Edmands S (2007) Between a rock and a hard place: Evaluating
the relative risks of inbreeding and outbreeding for conser-
vation and management. Molecular Ecology, 16, 463—475.

Exposito-Alonso M, Drost H, Burbano HA, Weigel D (2020)
The Earth BioGenome project: Opportunities and challenges
for plant genomics and conservation. The Plant Journal, doi:
10.1111/tpj.14631.

Fiser C, Robinson CT, Malard F (2018) Cryptic species as a
window into the paradigm shift of the species concept. Mol-
ecular Ecology, 27, 613-635.

Franklin IR (1980) Evolutionary change in small populations.
In: Conservation Biology: An Evolutionary-Ecological Pers-
pective (eds Soule ME, Wilcox BA), pp. 135-149. Sinauer,
Sunderland.

Hinton JW, Chamberlain MJ, Rabon DR (2013) Red wolf
(Canisrufus) recovery: A review with suggestions for future
research. Animals, 3, 722-744.

Hoban S, Schlarbaum S (2014) Optimal sampling of seeds
from plant populations for ex-situ conservation of genetic
biodiversity, considering realistic population structure. Bio-
logical Conservation, 177, 90-99.

Huang L, Wang YQ (2004) The application of microsatellite
DNA markers in conservation genetics of endangered ani-
mals. Biodiversity Science, 12, 528-533. (in Chinese with
English abstract) [##H, £ B (2004) T TLE - FHrid
FEWSE SR AL EWT SR R, B2 REE, 12,
528-533.]

Isaac NJ, Turvey ST, Collen B, Waterman C, Baillie JEM
(2007) Mammals on the EDGE: Conservation priorities
based on threat and phylogeny. PLoS ONE, 2, €296.

Ito Y, Enju CY, Li J, Tanaka N (2018) Evolutionary distinc-
tiveness and conservation priority of the endangered Najas
ancistrocarpa (Hydrocharitaceae). Systematics and Biodiver-
sity, 16, 45-54.

International Union for Conservation of Nature (IUCN) (2012)
IUCN Red List Categories and Criteria: Version 3.1, 2nd
edn. IUCN, Gland, Switzerland.

Jackiw RN, Mandil G, Hager HA (2015) A framework to guide
the conservation of species hybrids based on ethical and eco-



374 4 ¥ % B ¥ Biodiversity Science

028 %

logical considerations. Conservation Biology, 29, 1040-1051.

Levin DA, Francisco-Ortega J, Jansen RK (1996) Hybridiza-
tion and the extinction of rare plant species. Conservation
Biology, 10, 10-16.

Lewin HA, Robinson GE, Kress WJ, Baker WJ, Coddington J,
Crandall KA, Durbin R, Edwards SV, Forest F, Gilbert MTP,
Goldstein MM, Grigoriev IV, Hackett KJ, Haussler D, Jarvis
ED, Johnso WE, Patrinos A, Richards S, Castilla-Rubio JC,
van Sluys M, Soltis PS, Xu X, Yang H, Zhang G (2018)
Earth BioGenome Project: Sequencing life for the future of
life. Proceedings of the National Academy of Sciences,
USA, 115, 4325-4333.

Li A, Ge S (2002) Advances in plant conservation genetics.
Biodiversity Science, 10, 61-71. (in Chinese with English
abstract) [4%5, A0 (2002) HEYLRY iS4 S0 Tk .
M FEME, 10, 61-71.]

Li YY, Chen XY, Zhang X, Wu TY, Lu HP, Cai YW (2005)
Genetic differences between wild and artificial populations
of Metasequoia glyptostroboides: Implications for species
recovery. Conservation Biology, 19, 224-231.

Lu HP, Shen L, Zhang X, Fan XX, Chen XY (2004) Identif-
ying populations for priority conservation. II. Models based
on haplotype richness and their applications in Ginkgo
biloba. Acta Ecologica Sinica, 24, 2312-2316. (in Chinese
with English abstract) [[ifi 23, TLIR, 5K, BEREEE, R/
B (2004) LAY R B . 1. RAE A E A
AR IR, A 2524, 24, 2312-2316.]

Lopez Laphitz RL, Ezcurra C, Vidal-Russell R (2018) Cryptic
species in the Andean hemiparasite Quinchamalium chilense
(Schoepfiaceae: Santalales). Systematics and Biodiversity,
16, 260-270.

Mallet J (2005) Hybridization as an invasion of the genome.
Trends in Ecology and Evolution, 20, 229-237.

Meegaskumbura M, Bossuyt F, Pethiyagoda R, Manamendra-
Arachchi K, Bahir M, Milinkovitch MC, Schneider CJ
(2002) Sri Lanka: An amphibian hot spot. Science, 298, 379.

Milian-Garcia Y, Jensen EL, Madsen J, Alvarez Alonso S, Ser-
rano Rodriguez A, Espinosa Lopez G, Russello MA (2015)
Founded: Genetic reconstruction of lineage diversity and
kinship informs ex situ conservation of Cuban Amazon par-
rots (Amazona leucocephala). Journal of Heredity, 106,
573-579.

Moritz C (1994a) Applications of mitochondrial DNA analysis
in conservation: A critical review. Molecular Ecology, 3,
401-411.

Moritz C (1994b) Defining “evolutionary significant units” for
conservation. Trends in Ecology and Evolution, 9, 373-375.

Muenchow J, Dieker P, Kluge J, Kessler M, von Wehrden H
(2018) A review of ecological gradient research in the Tro-
pics: Identifying research gaps, future directions, and con-
servation priorities. Biodiversity Conservation, 27, 273-285.

Pacicco L, Bodesmo M, Torricelli R, Negri V (2018) A
methodological approach to identify agro-biodiversity hots-

pots for priority in Situ conservation of plant genetic resour-
ces. PLoS ONE, 13, ¢0197709.

Petit RJ, El Mousadik A, Pons O (1998) Identifying populat-
ions for conservation on the basis of genetic markers. Con-
servation Biology, 12, 844-855.

Pollock LJ, Thuiller W, Jetz W (2017) Large conservation
gains possible for global biodiversity facets. Nature, 546,
141-144.

Qiao MJ, Ran JH, Zhang HM (2019) The application of micro-
satellite markers in giant panda research. Acta Theriologica
Sinica, 39, 103—110. (in Chinese with English abstract) [7+
4, ML, SRR (2019) f B AR ICTE KRR 7T
RN R, BEER, 39, 103-110.]

Ravaoarimanana IB, Tiedemann R, Montagnon D, Rumpler Y
(2004) Molecular and cytogenetic evidence for cryptic spe-
ciation within a rare endemic Malagasy lemur, the northern
sportive lemur (Lepilemur septentrionalis). Molecular Phy-
logenetics and Evolution, 31, 440—448.

Ren H, Jian SG, Liu HX, Zhang QM, Lu HF (2014) Advances
in the reintroduction of rare and endangered wild plant
species. Science China: Life Sciences, 57, 603—-609.

Rhymer JM, Simberloff D (1996) Extinction by hybridization
and introgression. Annual Review of Ecology and Syste-
matics, 27, 83—-109.

Russello MA, Amato G (2004) Ex situ population management
in the absence of pedigree information. Molecular Ecology,
13, 2829-2840.

Russello MA, Amato G (2007) On the horns of a dilemma:
Molecular approaches refine ex Situ conservation in crisis.
Molecular Ecology, 16, 2405-2406.

Ryder OA (1986) Species conservation and systematics: The
dilemma of subspecies. Trends in Ecology and Evolution, 1,
9-10.

Saura M, Perez-Figueroa A, Fernandez J, Toro MA, Caballero
A (2008) Preserving population allele frequencies in ex situ
conservation programs. Conservation Biology, 22, 1277-
1287.

Shang H, Yan YH (2017) Natural hybridization and biodiver-
sity conservation. Biodiversity Science, 25, 683—688. (in
Chinese with English abstract) [FFE, &1 (2017) B
W G5HEMZ RS, W2 FEME, 25, 683-688.]

Struck TH, Feder JL, Bendiksby M, Birkeland S, Cerca J,
Gusarov VI, Kistenich S, Larsson K, Liow LH, Nowak MD,
Stedje B, Bachmann L, Dimitrov D (2018) Finding evolu-
tionary process hidden in cryptic species. Trends in Ecology
and Evolution, 33, 153—-163.

Todesco M, Pascual MA, Owens GL, Ostevik KL, Moyers BT,
Hubner S, Heredia SM, Hahn MA, Caseys C, Bock DG,
Rieseberg LH (2016) Hybridization and extinction. Evolu-
tionary Applications, 9, 892-908.

Tucker CM, Cadotte MW, Jonathan Davies T, Rebelo TG (2012)
Incorporating geographical and evolutionary rarity into con-
servation prioritization. Conservation Biology, 26, 593-601.



3 1

FIRIES: 7 T AR CEBE R Ry (82 375

Vane-Wright RI, Humphries CJ, Williams PH (1991) What to
protect? Systematics and the agony of choice. Biological
Conservation, 55, 235-254.

Wang ZF, Ge XJ (2009) Not only genetic diversity: Advances
in plant conservation genetics. Biodiversity Science, 17,
330-339. (in Chinese with English abstract) [ E I, &2
ZF(2009) NMUBGE AL ZAENE: PRI B AL i
EMZEEE, 17, 330-339.]

Wang ZF, Peng SL (2003) Plant conservation genetics. Acta
Ecologica Sinica, 23, 158-172. (in Chinese with English
abstract) [FUFIE, 32/DE (2003) HEMRIPBEY. AS
23R, 23, 158-172.]

White LC, Moseby KE, Thomson VA, Donnellan SC, Austin JJ
(2018) Long-term genetic consequences of mammal reintro-
ductions into an Australian conservation reserve. Biological
Conservation, 219, 1-11.

Williams SE, Hoffman EA (2009) Minimizing genetic adaption
captive breeding programs: A review. Biological Conserva-
tion, 142, 2388-2400.

Witzenberger KA, Hochkirch A (2011) Ex situ conservation
genetics: A review of molecular studies on the genetic cons-
equences of captive breeding programmes for endangered
animal species. Biodiversity and Conservation, 20, 1843—
1861.

Xu W, Che J (2019) From cryptic species to biodiversity
conservation in China: Status and prospects. Scientia Sinica

Vitae, 49, 519-530. (in Chinese with English abstract) [4
i, ZEF (2019) MEEAF M 2 FE L) 2 R LRI 0T 5T
PR SRR, hERE AdrREE, 49, 519-530.]

Yan F, Lii J, Zhang B, Yuan Z, Zhao H, Huang S, Wei G, Mi X,
Zou D, Xu W, Chen S, Wang J, Xie F, Wu M, Xiao H, Liang
Z,Jin J, Wu S, Xu CS, Tapley B, Turvey ST, Papenfuss TJ,
Cunningham AA, Murphy RW, Zhang Y, Che J (2018) The
Chinese giant salamander exemplifies the hidden extinction
of cryptic species. Current Biology, 28, R590-R592.

Yan WD, Wuyun TN (2006) Methods of research on forest
plant molecular ecology. Journal of Central South Forestry
University, 26, 131-137. (in Chinese with English abstract)
[ESCHE, 52 IER (2006) FRMIEY) 4 T AR5
JiE. HEIMRAE R AR, 26, 131-137.]

Zhang JL, Wang ZF, Li MG, Wang BS (2000) Molecular
markers and their application in plant population research.
Chinese Journal of Applied Ecology, 11, 631-636. (in
Chinese with English abstract) [FKZENN, FUfg, 2=
FAAZE (2000) HLVIFIFEHT FT 0 70 T AR IS A B
N A SR, 11, 631-636.]

Zhou W, Wang H (2014) Pollen dispersal analysis using DNA
markers. Biodiversity Science, 22, 97-108. (in Chinese with
English abstract) [fh, T4 (2014) 3 TDNA%THric
RITERPIRBNAS 70T, W2 FENE, 22, 97-108 ]

GUEHRZE: HY¥%E  TUERE: FN)





