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Kandelia obovata Colonization route along Taiwan Strait Inferenced by

approximate Bayesian computation
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Abstract: The community compositions of mangroves in both southeastern coasts of mainland China and west coast of
Taiwan share great similarities because of topogeographic reasons and Kandelia obovata , with its higher cold-tolerance,is the
dominant mangrove species on either side of the Strait. Therefore, K. obovata populations in Taiwan, China may most
possibly derive from that of China southeast coastal areas. However, the colonization route of the northern and southern
populations in Taiwan, China and their genetic relationship with that of mainland China have not been reported. In this
study simple-sequence-repeat ( SSR) markers and approximate-Bayesian-computation ( ABC) were applied to trace its
origins in the four distribution locations between the Strait. The results showed obvious differentiation among them and the
northern part of the mainland southeastern coast illustrated a higher degree than the other three. It was also inferred that the
origin of the northern Taiwan, China population could be trance back to circa 29000—48400 years ago, prior to the last

glacial period and its genetic structure was the closest to the southern population of China southeast coast, suggesting they
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may derive from a common ancestor in the south. The northern and southern populations of the Southeast China coast
probably coalesced circa 151000—252000 years ago, approximately during the late mid-Pleistocene. The possible
implication lies in that the genetic differentiation between the northern and southern populations and their separation may
caused by late-Pleistocene climate changes and sea transgression and regression or that they had different origins. Whereas
the highest population similarity between the northern and southern Taiwan, China indicates that the southern population
was colonized from the north one, and the hypothesis is also supported by the results of approximate Bayesian computation.
It can be inferred therefore that the overall colonization route started from southern population of southeast China and
migrated with the Kuroshio Branch Current to the north of Taiwan, China before it ultimately colonized in the south. The
study is the first one to utilize approximate Bayesian computation to illustrate the origination and colonization route of
mangrove populations between Taiwan, China Strait and has provided referential model for mangrove biogeographic research

in coastal Southeast China.

Key Words: Kandelia obovata ;genetic structures ;approximate Bayesian computation ;origin ;colonization route; Taiwan, China

FEAE (LU PR G ) A TROE AR 43/ i, 29 250 JT4ERT, T H7e fE 4N Wr b & T8 5
BURHLIE . 18 5 KB =22 18] (1 £ V5 1R R B B S0t vk 09 58 D0 20 AR B vk W ( Last Glacial Maximum,
LGM) , 17K T [ 100—120m, 5 15 ¥ sk Kbl 5 15 75 22 T AR BiAfE | BV 44 (AR LLU B AT > i R 1l oAy 19 e 0
SEWAIEIE . T DU 20 I S R R S A2 B, KRG S S T R ) s A B | T W, T ZR R 42 8500
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19 29.3% ., FEAR LGRS, BIS IR X RIS BRI A B IR R R Rl % X R | 2 R o
12285 , G ALY Iy S R AR ) 25 2R

LT B A T e R A A, HELA AR R A L A T B S GRS LAY KM ( Kandelia
obovata ) 51 G S IR A 35t 1% 45 1 ELA 8 RO ARV B | (EL 38t 1% 2 AR PE IR T SRR, B 23 A T KRG
A B TR RAOI AR RE (382 4% 22 W 1k S B e b 1 B AS TR IR R 35 R 2 BT A ) 1) S 0 R LA 827
77, BEGE A TIEAS M A SRS 2 LA R 35 DR S T Ay S By 300 R LR ) e B4 A A R 11 T BB
M P10 AT IS A B T e Bl b e S8 R AR T A A B T K A TR 1 LT A A B o
U, BT 20 AT RE R BELAS L B0 2R - DRIk 65 15 T e 1) Bt 9 1 SIS T BE Bk 15 VS £E A P AL T 4
F I S R F . 23 ( Kuroshio current ) 42 P4 KSF-7 i Fa ) AL IR sl ORI, B i pO TR B i K s A AL e
FEA T3, R A S WA B R 1 AL iR RS
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CERAE D) R AP 2 AR S OR P A TT S LU ) AR IO S R 4R R AR

1 #R57FE

L1 BRHER A
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Table 1 Information regarding the sampling areas in this study
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characteristics
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Fig.1 The origin hypotheses and probable migration routes of mangroves in Taiwan, China
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FEH L 2XCTAB %0 3eml [ K Tris 1 EDTA BOVREEARIGN 1 £5, Wi T (NaCl) WA,
1.2.2  5|¥nyiE B PCR R

ME & F W SR TP ER 18 XA FEH SSR 5147, Horf 8 X5 144 48 AR I 2 867 55 (% 2) . PCR RN
W ZE N 20 pL, Hodh—410 PCR W 25 A0J2 94°C 28k 30s,48°C 1B k 30s,72°C M 30s , FIEFA%R 35 ¥k, Vi i
94°C FASE 3min, W T 72°C FEAH Smin, 55 —41H9 PCR K2 45140 J2 94°C 751 30s,53—62°C B K (B 1A
[T 57, 2% 2) 30s,72°C LB 1min, fEFFEL 40 R, WHET 94°C FAEHE Omin, A5 72°C ZE{H Smin,

®2 SIMRESREEXRN(PCR) &4

Table 2 The primers and polymerase chain reaction( PCR) amplification conditions

EIE7p (5 —3") PCR &7 2% 4

Locus Primer sequence PCR amplification conditions
Kcan004 5'-CTTGGGGAGGTTTCTCCATTTG-3"  5’-GCGCCCCTAATTAATGCTT-3' F1 B Sugaya % 2002027
Kcan009 5"-CCCGAACTGATGCAGATTCA-3'  5'-AGGATGGGTCTTTACAGGTTATTT-3’

Kcan011 5'-AGCCACTCAGGTGTTCTATG-3'  5'-CAGGTCTCATGGCTGTGTCC-3'

Kcan034 5'-CAGAAGCAGCAAGTAAGGAA-3'  5'-GAAGAACGTGAAGACAGTGA-3'

Kaca01° 5"-ATTCACACTAGTCCACTTCTCCGC-3"  5'-ACACACACACACACAGAGAG-3' F1H Tslam %5 20062
Kaca04" 5"-ATCGTAGCGCACGAATGCTTAATA-3'  5'-AGAGAGAGAGAGAGACACAC-3’

Kaca05° 5"-GTAGTGCGGTGAGGTTTATAGGAA-3"  5'-ACACACACACACACTCTCTC-3'

Kacal0* 5"-TTTTTAGATCTGGCCGGCACGTGC-3"  5'-TCTCTCTCTCTCACACACACAC-3'

a.b.c.d; BAEESHIH 60,57.58.62°C

1.2.3  SSR K Je FE P 43 7Y

PCR SR =128 1935 i Wl 66 J0C Fb Sk RS I A DA Ui, 26 b st 25 SR A ) B R A BR S 1, R % 2 =R
ABI3730 H 3hill 4% ( Applied Biosystems) Bt & Genemarker V1.75 #4434 8 & 1 T A W KRR ), 4L
A R A MICRO-CHECHER ™ K AR B 284 K25 (37 (gap ) AN IE B /I A 5437 356 R g 00 45 o7 3
R, BT 7 st BB A S IS i A L PR TGS A A7 3 R B FH T s b 2
1.3 B
1.3.1 BEZHENSH

AL ZREME R AR GenALEx6. 2" ST 54 R4 0 3 DB W 2% & B 01 ER 2 A 8RR o0 Tk 3 5K
Fo A EHERS . Jf Lh ARLEQUIN3. 0" X Fh B 352 % 245 14 4 F 7 5 (AMOVA) BEAT 43 #7, B2 /738 47 th A T
10000 Y 114 25 52 ASADURS: 56 i BB 38 12 720 S5 190 T B0 A DX ] A ) 08 0 1 2% 75 O 25 2R 0, ASTAR 1575 i
e 9 R T A 75 2 B SRR R 25 4
1.3.2 G A AR SR BT

FiRE B AL AR AL RE VA0SR ] STRUCTURE 2.3.31%7 R AT Rb B 8 44 45 4 20 , 122 R P 28 T DL i 3R 2%
53 M7 7775 (Bayesian clustering analysis ) 313 FHE A9 15 A% 2008, IFAG THRIRE ISR IR 24 R B ADFoR iz H 57K
] REESF R /R (Markov chain Monte Carlo) £ % K=1—7 #7288 . B4 K BT 10 )28, B
AT 1000000 WAL, FEEEREE 7 100000 %K burn-in) , I FH B IR A #H S8 A (admixture model ) .
% K {EAI ] STRUCTURE HARVESTER V 0.6.8"% | WAEHMER L(K) I L4 AK FEAFRfERIWHER I 1) K {8, R
R ATRE K8, H41% K (X B 10 M7 3B 545 55 2L CLUMPP V1.1.2 #E4T 10000 YR FEHLIR T34 . )5
FH DISTRUCT ™ {4 42 thil ARG 254 P
1.3.3 DU (IR ABC) g B 4 i i i

it 1. AU AZ B REATR 52, & IS 2R RS J R 2 2 UGRIE, 7 2RI, i 2. IR Z
BN BEATR RS2, 5 V5 DA 2 — MR IR, 5 VB A AR B AU IR, ) AR B RS 2 5 VS U A B V5 V0 5
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WFAR B R, UG 3 IR 32 BB Y RZ I | 3 P LA AR ) 22— PR IR, R r e A R U, 1] 2R
B 2 G IR AR SIS U R R BV IER . R 4 R OR Z BB 1R, SIS LAY 2 iR
U, R B AR SRR IR 1) AR I B 28 15 VS B PRI S VP R R A B B AR R 5 AR IROR 52 BB T Y
S, B IS LI — UV I, AR B R R IR 17 ZR AL A% 2 5 I AL 5 ¥ P R IR A B B T
R,
1.3.4 DU S BER p M 55 DA

ARG €5 VSR Tt R RR 1) S T B B B A3, SR FH DIYABC A2V R4 7RG I (B 1, 18 2) o B — MR
(B —A 15 58 ) M 8 B — A AT, 23 I 0E 47 12000000 YA U1, 455 401 2 5000 Al T 9 i 5 o BRI M,
DIYABC MU TE MU , 1 WU 3 WA {ELEY 35000 N 59 22 5 [l A BERAE, IPPAG RS 5, DIYABC 2
BAE ()N, Ny, Ny FUN, 5350008 Rt 7R B T T G AR e | Rl 2R T 1 167 m e Al b | 65 VS AL ARl B X 5 T e
PRI ROR AR N, (2) BOE R DT ST, ol TR UG U] (5424 2 JT4FRT) 518 5 5 KRl
BRI | PRHC B A ) 3 T G A TR 1 2 i T JC £ AR, W50 RT MBS 15 95 50 Bk Rl R 14 4 9 7 2 /)
T2 JTAF, B TR0 iR A v N e B EE SR RO AR KO A B — T U A 3a, DA 5 5 RK A b 31 58 11
SE] 2, Ko, BRRBCE N 1 T E 3 AR TR REZR F 1 i R AL A o, B BRIBEE 9 10 T2 20 T14F
BT , EARSERHE A A RUBY BOE 13> 1,> 1,6

N.CN N.TW S.TW S.CN N.CN S.TW N.TW S.CN S.CN N.TW S.TW N.CN

N.CN N-TW S.TW S.CN S.CN STW N.TW N.CN

B2 5FATRERIBRER
Fig.2 Five colonization scenarios of K. obovata

SELR R A R T IR, RE AN G VR s RGN AR RE R B ARFRE 5 1) —0y PN A BT IS A L I [R] 5 55

2 HREHS

2.1 4P 2SR

4 A IX3K 8 A~ SSR ST EE R, 8 s Z AR 100% , A7 RLAF A HE B 8UR 4.537+0.453,
AL 6.537+1.019(S.CN) & 3.364+0.522( C.CN) ., Shannon’s index 42 1.526+0.079 , 28k J5 il 2 1.892+
0.173(S.CN) % 1.27+0.149( C.CN) , HIBEZR G 2 0.728£0.022, Z8 AL J5 Bl & 0.811+0.036(S.CN) & 0.648 +
0.054(C.CN) (£ 3) o 4 D 341 TR Bl 75 B VE 1 B 0 09 35t 1% 22 MR Pk s ey, 1T 434 T K Bl 2R g i v AL
ZREERAR . T2 S50 HT (AMOVA) AT A5 13.08% A4 44k K J5 T A 6], 86.98% 1) 43 AL A IR FhBE 4 14~
TARTE], FEAARTR) 22 5 W] 2 (F = 0.1308,P=0.000) (3% 4) . {ERRHE ] P P LA, ORIl R 1 0 T AL R e 5 oAl
FRE2E S K, KB AR i VI AR R 5 5 T g LR R A 22 S 388/ N30 331 0.05103 1009491 (3£ 5)
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®3 BEESHEESH

Table 3 Genetic diversity of four populations

H AT

Populations code Na Ne ! Ho te Fr

S.CN 8.375+1.179 6.5371.019 1.892+0.173 0.925+0.037 0.81120.036 -0.16420.088

N.CN 4.875£0.639 3.364+0.522 1.27+0.149 0.858+0.067 0.648+0.054 -0.338+0.068

N.TW 5.125+0.515 4.045+0.437 1.451+0.098 1.000+0.000 0.736+0.023 -0.368+0.042

S.TW 5.875+0.693 4.2+0.687 1.49320.14 0.820+0.083 0.718=0.041 -0.13320.103

H3t Total 6.063+0.453 4.537£0.397 1.526+0.079 0.901£0.029 0.728+0.022 -0.25120.042
Na: 2507 HE PR Allele , Ne : A 5025 01 3 K] Effective allele, I; 7 4¢ 75 %4 Shannon's index, Ho: WZ£ 2% & & Observed heterozygosity , He ; 1] 23 2 45 &

Expected heterozygosity , F g, : FUE/EFE L Population differentiation coefficient

*F4 MEBESFERST(AMOVA)

Table 4 Summary of analysis of molecular variance (AMOVA) for four sampling areas

8 SRR F J7 260 J5 %oy BRI c.
Source of variation df Sum of squares Variance components % Variation T
B Among populations 3 22.163 0.27688 13.02 0.13018
AMATE] Among individuals 76 140.600 1.85000 86.98
&3t Total 79 162.762 2.12688
®5 WIMFMBEIBTIEESWE(F,H) LR
Table 5 Genetic differentiations between sampling areas revealed by pairwise F
S.CN N.CN N.TW S.TW S.CN N.CN N.TW S.TW
S.CN 0.00000 N.TW 0.09491 ** 0.2442 " 0.00000
N.CN 0.13946 ** 0.00000 S.TW 0.05103 ** 0.17343*" 0.06022 ** 0.00000

* P<0.05, = * P=<0.001

2.2 R BUARRIE KRS 3 b

DU B SR 2 3 B ) 25 SR 2 DU K b 3853 1X 6 A RRAE R VI RE 7 b S IE S (K) O 4 B AK (B EROR,
HREVL I F SRR X 55 4 HZOAR RO DX AN T 9 35 1% 2E U A [RIRE i VD R s 55 — AR W AR R U
R RIRE (& 3) , FEORAS RIS AR b 3 5377 177 U 104 2R i 2R i v TS o 0 e L X5 8 A 2L A 3 A — B
SR TS B AL P RIRE A a5t % 4 B A ot 2 T Y VA 90 L X 2 5 % | v 5 Y L3 0 A7 BT 2 A R 1 AR AR X
RN RS A% L PT 40 P A, 2 BRI N st A% o PR B 2, RGN+ HG R 3 43 A RSk K ki 2R RS VR IR R R 1)
A% AT, S U b B DX [R] P BE A7 7E — B2 B2 (9 DR S8 000 5 1T 65 V8 T 5 100 65 7 DO R AP E R A L L 2 2 1
BRI 2 — (18] 3 AR ) A EC ARG S 18 KR AR R T e B A b AR A 3 A% 104, ZR W% Al
N PSR AWK 8 T JiUE S kb
2.3 PR IR | BRES  BE R i H

FIF DIYABC 3RAFIEAS I B2 | LA 8 a1 UA T 330 R #2230 LU A 1 35000 YA ALL{EL- 55 X000 {1 1% i 22 e 75 2]
PITEEE 1 058 5 M5 I ME R 15 8 i 5 15 B AR 2% B R A 45 5, HOFJ4(E R 0.5515(95%Cl: 0.5403—
0.5627) , lUAEHG 1 2AEEE 4 195 SR % B = (T 58 1—4 f91H 0.0001—0.2054) (81 4) . %5 5 RIE LK
THBPTAS Bt 2 TV 1A R AL AR e R T BT 4% FLAS TR A SR U5, L 5 V8 BOmh P DA K Ik 7 i T 1 i ¥ o
BRI AR ACIERS 2 SIS ACERE , T 0] R #0621 5 8 R AR 00 B AR A 2 s 1 S

HRPEIEEE 5 B2 5 s S 0 KBk ma 5 R e EL AT 8 K A 8RR BE K /N (Ngey = 77000,95%C1 =
15600—98000) , Hk J G IS FI AL ( Ngpy = 11500,95%CI = 3180—47300) , ¥ /7 A L3RRl AL 25 /N T g B
FRRE (RBEALFIRE N o= 1930,95%CI = 701—9500; &5 I ALFFIEE N, 1y = 2010,95%CI = 720—8730) (
6) o HRFEAT BEPIRE /N A 3 25 SR A S5 7S B SRR R 1 35t A% 2 AR o TSR, AR S A B (RIS SR
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Fig.3 Results of the Bayesian clustering analysis of sampling areas
& A B 232 L In” (K) 5 delta K FIWiE AL HEEC(K) 0 4 BFRIEDE 18 C 224 K=4 B A& R85 20 1
B, & V8 AL AR R A E 22 r SRR AE Y B R] (2, ) 29°4 2520 A L O B3 -e- [EES
e bk L[, e S © HE2 B g5
AHEFRHT (95%CL = 870—7540) | ARk B — AR 07— ’
(824920 3—5a( A RRA T B & Z AR 25 52) |, W0 R 1 B 1] > 06F & -
o> e e o T . = 9-0-0-0-0-0-0-0-0-9
29749 7560a 7 12600a Fif , FA T 5 15RO A0 R )& PR s T 05|
[ (1,) A {8 b 9670 A~ HEACRT (95% C1 = 2230— & = o0at
9890) , £ 29000—48400a Fi, Wi kM AEEVGRH  E 2 osf
@ 2
iS5 AL B AR AR ] 2 50400 A HHEACHT (95%CT 25 021
= 9280—97600) , 21k 15.1 Ji4E % 25.2 Ji4ERT, 40 gz olr
A | G
ORI R BT S B8 (late-Pleistocene, 12.3 J7 0
> Y y N N -0.1 L I L I
AERTE 1 JTAERT) B A9 2 BRAE T 2= K IR 4 vk i ) 0 10000 20000 30000 40000
5 W S B 3 WO RO SR

(29 115 JIAFRTE | JTARRT) BORFR] 223 it ) i
KBl 2R it p AL BB Al BEAT A [R] AR I, A2 Rk
DIIYI TR T T~ e 4 B 5 T A

Closet simulations

B4 E1RE2HSHEREHEREESEDRAIFER
Fig.4 Logistic regression analysis of posterior probabilities for

five biogeographic scenarios illustrating in Fig. 1 and Fig. 2

% 6 DIYABC il ERER, RIBEEEMEENBXSH
Table 6 DIYABC parameter estimation

2 FHE e AN 1

Parameter Mean Median Mode foos 975
Nyen 4.24x10° 3.74x10° 1.93x10° 7.01x10? 9.50x10°
Ns.on 6.01x10* 6.11x10* 7.70x10* 1.56x10* 9.80x10*
Ny 3.58x10° 3.16x103 2.01x103 7.20x10? 8.73x103
Ng oy 1.97x10* 1.71x10* 1.15x10* 3.18x10° 4.73x10*
t 3.62x10° 3.39x10° 2.52x10° 8.70x10? 7.54x10°
t 7.02%x10° 7.40%x10° 9.67x10° 2.23%x10° 9.89x10°
13 5.35x10* 5.32x10* 5.04x10* 9.28x10° 9.76x10*

Nyex »Ns.on » Nrw » Nopw 70013708 I AR W T v BRI | w8 b e B £ S LB At | pl R O AR 50 0, 405 S0 N A5 PR 3
FE AR R A BT IRL , s D9 95% A5 DX TE] (1R BRAFL, gogs 7R A 95 9% A5 IX 8] i1 _L BR{E
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3 e

3.1 A DFIRERIRAL ZHEIE Sas L 4ty

AHFFERIH 8 41 SSR 3 FARICANH T BB M35t 1% ZREVERRBE (He = 0.728+0.022) 5 Geng %5 5%t
AR AL AR L (He = 0.704—0.738 ), {H2 FUEF X K Bli 43 ma 5 Vi R R AE A B (He = 0.811 %
0.036) M = 3 Geng FUAGTAEAE . TR & V5 1l DX 1) — e AEMEPEAS |, ASBIF ST 0 B il 50 10 182 4% Z2 e M % 48 H0He
Na,Ne S I EACERFPHRE S B/ N T A SRR  (HA 5 LB EE ( He ) SR ERR B AL 4, DLt Jr SR 2K
SrHT A R R G AR N A IR AN AR IR T R A B R AR AE 2 51 LU 130 2R (8
MR, A5 RS Chiang 552 B4 1A DNA FPa 045 R 601, FERARVEAG 1 CRE 25 e i i v
REBHE Z e IO 5 2 XU 5 AR A R TR0 B9 A= 1<, LR 2R R 7 1 e AU T BB 2 S H 204 A )
oA X R0 22—, Liao AL Rt IE g g v A SR 10 ) F SRR ( Ceriops tagal ) B & B, 43705 78 1 75 55 1Y
FARARINA B A B ALY HAh B AR A T T A B R A 0 3 A e S, A S5 TR A, 7E A B R - v i
JEE XS RIGHT 5 e e K, B ANIEL BRI it vy A= B AR A o BRI T RO it AR 4540 1 B2 bk
32 BIEFIHEE IR SRk LA B Lk

1 5 BRI S S SR T DUHEDN 5 P AR I T Bl AR e e 7 R RE (181 3, 3% 6) o HUAZ IR ) oK
2 1F 29000—A48400 AFHIT, 7T AR YUK (K2 2 JTAFEHI) , AR B e Ao d 4 22 £ T L A s i) 1R AR U
UKI  TEORAE A B VS LRI PR B AT BE I A 32 2R 1L Bl (40 52 W), 7T RE A A U UK A IS 5 K i i i e
PR R IR A mE Oy AL SE . BBk R, LOW B e 5 = 20300 AT 35 1 s 0 SRS i st 0
B2 755 =205 01, N 0 T T4 0 S BR824, T2 W) 4 SR 08 93 A | 22 SE T T A Y
L, LRI 0 538 B R R A /) 4 1994 425K T 22 R LT ) 468 16 3K 2R p v S L AR W v 8 g A Sty
PR SCAWT S8 v R Y B VI 1 DOAR 1 SR T v ISR A ARy | X S4By 2 e AR b i A RO ZEAR A ) AE K T
B AL, ZRBALTRI R 4 e S R R RS U5y i S I 9 S AR SO — 3 (R 3) o Bl& VKIS g iR | 2
181 ( Kuroshio current, i A S5 R, I HEREE S 2 H AN 7R 2 B2 37 ( Kuroshio branch current, H 6 75 5 ¥t
HEA VI ) X AG A AT A AR R I i T T B R T A 1 o A, K T R S Ve
Sl J) ] )BT Jie A 1 T R B PR S I AL BRSO R T R T S k1 BV R ARG, 1 DR 2R
I3 BTSSRI 7R 5 T AR b R 35 1% 45 ) 52 30w 101 e DR 5 3 1) 52 e v 7 DRl R v T o R RS 3R 8 231>
Ak 9 R e A% 10, 07 v B3 R 52 AP ke BE TR ) S0 ey T R B APARE I B AR
3.3 RegUTiEER AR 2L A

AR R VI SR A AR R A BAELAF 1] (151 J74F 28 25.2 J7AF R F- T 1 5 3 thE s 307, DUk (1) AR RS Ty
TR AUFPIE A% 410 FT R 52 B AL 5 IR TR (0 520 5 ( 2) AR e T I m AU ANIE PT RESR B R IRk
W, ARG FERHT (AMOVA) Fl STRUCTURE (53 Br 28 RAHTR] 4 S FRRERIARE th B35t % 401k, (KR
AREEACTRARE Y i A5 22 5 S H A 3 SRR AL B R (6 5 5181 3) o 7oAl T 7R B AL AR AR R A A2 05 AT RE S5
TR RER AN XA RS AFLP BT oT 25 AR IR . FRE G 20 Ak A T RER 11 45 R IFEAS [W] 1 46 8. b 2
B4 22 551, Ruan A5 WA AFLP R4 FARic, X 43 H 38 N2 3 DR A8 5 v P 6 1R g, T 30647 1 0 A
FRAE HEIS R AR 1] Y 23 A W] RE SZ 23K 40 1 DX 38 1V (local adaptation ) T3, PR A2 IX S8 Y 35 46 1R 0 3 BRI
AL AT RE S5 b A A1 PR FIC 56 . IR RS ARG 43 A1 1 B R O R g G R R i o A AL A, R
TR PR Y- AT BE S M Rkt pe  JERPE Sk . SRS P S A I HE IR I R5 25 08 2 19 73 1 Mo A BRI SO, b2
PRI K H At R 1) 5 i RKORR A 1 BBA 2 A0 AR S5 55 Chen %81 I ISSR 43 FARiCHEA T35 4% 2544 43 BT T
e —3,

4 HESHEBEESARIPEY

IO AHE AR IRy 2, e 1) Al A P T e T A ] 2 15 5 VA Uk J] PRI Bt 0 e 5 s | R A 22 A
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PEAG L, I LUOR PR R R 1 T i R R R LD AR CRAP A BT R AR R T T L TRl et B L f b A
WA S AR, R T — Sy T AR RE Z S AT AL W 25 B0, A il Sz i PRAP 28 B0, 2EAT A TS|
Ffok BN, R R AU S I R A DB G5 | PR 1% P RE R G Al AR A o i TR 2 R ( RV v e AR e
VT AR ) T T SR PR A | S5 B A R A i SR S DR B Tl s A 2 a2k . A DIYABC BIF5EHEIRT 5 75 7
RIS 15 725 L AR 4 BEL A e A BSUA) T R 5 DA Il 2 1 7 98 e v R A P RE TRl R I T — At
SR PRI A 1 T e o 25 L K T e 1 LA b IX (A Bk ) A BE R S U, 5 128 b IXC )BT R s B X2 5 R A
P IR EA 1L LAk, 6 1 s D RS DY 0 Vi 2% 21 R S0 i s 1 DR DX [ 5% el DA 4
JL A A, (LT 3 B G AT X AT 5 I R AR P 0 Pl SR i S R YR W ) Ao i R AT L TR

Bt : 5 1 A 27 B B R B M 8 A AR AT S 25 T 48 5, AL UM R 238 6 2 Uil B SR A 2 il A L
S, R Eu
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