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Research Progress of Molecular Phylogenetic Analyses Based
on DNA Sequence Data in Rubus L. (Rosaceae)

ZHANG Li' ,WANG Xiaorong'** , WANG Yan',CHEN Qing' ,HE Wen'

(1 College of Horticulture, Sichuan Agricultural University, Ya’an,Sichuan 625014 ,China;2 Institute of Pomology and Olericul-

ture, Sichuan Agricultural University,Chengdu 611130, China)

Abstract: Rubus is a large and taxonomically complex genus consisting of hybrid and polyploid. In this re-
view , we summarized and discussed the application of DNA sequences in the Rubus L.. phylogenetic studies,
mainly focus on their limitation and promising application prospect in the Chinese Rubus. Noncoding chlo-
roplast DNA fragments combined with ITS sequence were frequently applied. ITS was the most widely ap-
plied sequence among the nDNAs. It has been used for clarifying the phylogeny between sections Idaeoba-
tus and Malachobatus ,illustrating genetic relationship among Rubus cultivars,and identifying the origin of
hybrid and polyploid. Due to ITS polymorphism among individuals, it was necessary to detect putative
pseudogenes. By contrast,low-copy nuclear genes were rarely applied except GBSSI and LEAFY. The phy-
logenetic relationships of some Rubus species remain unclear because of the deficiency of available DNA se-
quence and limitation of covered groups. Additionally, utilization of multi-specific DNA and more samples
in phylogenetic applications probably has one bright future,along with the morphology,palynology,cytolo-
gy and other means.
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B T8 (Rubus L) X4 W88 3 8 3% 2ok
O AP — DR E, e R 700 ~
1 000FP . rp [ B0 AR B 2 7 ) A8 W 1 T % o A
hOZ— A RS FEMEY 201 F,98 A2 Fh, Hrp
FrA Rl 138 Fp, & F 8 41 24 M Z Y, W
R B T A W) b R SRR R AR R O SR A D
KU o A R IR L AR R B
BREMEHET 0 BRI LR 5 TR (1 B4 T
BARMAGRE KRB KRB, 432
A JHR PR S A B T S S A AR Y R B 4 L AR 2 F
(14 43 20 2R G A0 A AEAE S S 1R
BB AR A A BT A0 B AR

SR R b o s e 4 g o o 3 A AR A A
%F 4l (Sect. Idaeobatus Focke) Fl A ZE 40 (Sect. Mal-
achobatus Focke) . XY F IR GE LB LR M
SRR AR AR R SR I B T (R,
ellipticus Smith) (3R UL [ R. elli pticus var. obcor-
datus (Franch. ) Focke |fI41 B & T (R. pinfaen-
sis Levl. et Vant. ) 1 7p 28 40 B J2 R 48 A & 1Y
Y o108 2] S (R, parvi folius) 14 H I (R.
coreanus) WRARA B #1100 R B A B R o
AR A LA A R T — RIS N TFE
AN 0 22 1) 5 R 3 22708 S 1) e R [) P = e Ao 7
WAFTE RS FE 78 5 5w 00 e A X 3 26748 S 2R
(14 TE ) 65 A 5 4 2 A0 s 24 T I 0 ) R )
WAL v [ R A R JE 4 (R, faberd) 51| %
(R. setchuenensis) . 75 Wi & (R. amabilis) 51 &
B (R. tsangii) i I S AR F S8 78 40 2 B AT 8K
TRAEL 2 BARAT AN MR T 45 2 AR 2% L 4
i 25 0 03 5 A A S A R A DG SR B R G K AR i
P37 AR50 B A 48 7 12 a8 A ) 2 135 1A R
o () A2 8 A % 5 Z S () R AL O &R AN TE SRR .

BT 2% R DNA JFAIME B 7 1 R G8%0E Bl
RV AN KRG KT AR Z ] 4 %
FEHAR R Iy L B X A AR T G R A
H A3 Tz 1Y 240 7 IR AE Y . DNA FF 51 /Y i HI3E
HE, A DNA P TE R T8 MY 1 R G K
Yl 5 v T 5 R AR R T I 0 R R
MR, R R G W AT e

1 DNA PR T8 R G A5
Hh Rz

H Al 2 T DNA B8 7> 7 R G 5 E 18
BT A S R R L Ak B — e A A B

e RGE L . B TR A RS E U
N ) DNA JP 41 £ 2 . i &g fK DNA 7 5
(ndhF. rbcl., rpll6. trnl-F. trnS-G Fl trnK) . ¥
DNA J¥ 3] (ITS) A f§ ¥ D% 3 (GBSSI Al
LEAFY) (3 D,

1.1 HEEDNAFIEBHTFREREFTHNR

-2k DNA X T 8% 5k PR 20 03 7 /), 5 4
i R, P ) AR ST 5 98 A8 BRI L 38 A% AR X R e
Gt B DX AR G B DX A R A R 25 5 L B
ANTE] 5326 B J6 Y 2R G824 i 5 4 1 R w0 R ok
P TER T IR A R F TR B ndhF
FeBI AN rocl 7 5 AE S B — 1 51 0 1T o G Al - 45 4
DNA 751 5 #2317 5] (ATS) BEA R

ndh ¥ Fp HWAE Ryl S Hs R I8, B TR R.
macraei M1 R. hawaiensis %%%%%%1§Tﬁﬁ%
A FIEYE . R. macraei M R. hawaiensis T 25 % fiE
AHABL ¥ 250 %3 ML J& Subg. Idaeobatus . ] fE H |7
— gtk sk . Howarth 5 ) ndhF ¥
G R B R G R B R, macraei K5 %50 F R
HoAl A 2R — 3, M R. hawaiensis WAL T 250 B I
J& W) Fh B #E 43 32, Morden Z&1 gE — 2 43 My & W
R. macraei 5547 W.J& Subg. Rubus ¥ Fj B Jy—
3 HE Rowrsinus BoR WK KR, EIRGEIRE
BH,R. macraei 1 R. hawaiensis 3 % % Rk, E
FFAEARARL AT RE b PR # [ E AL 5 1R I e X T R.
macraet {47338 40 G TR

4k DNA Sy Bop st (0, e vk 4 T 4 7 &
B 1R 2 SR e IR 2 AR SE R R A ), B
KEARKBE—FIREB RN REAERENA
R HAT R R A Y R G E U g b ik
Tk DNA J7 51 £ 54235 FUP 50 B4 13 . e A
L5454k DNA J3 51 (ornL-F) RIAZ 56 ] (1TS) X
w4 B TR R Gk BRI OESE L A
[l 7~ N ZL B A B 7 Y 50 R A, T 5 AR ok
MU OC R AL, AR R 28 7 S A B B T I
R R. ellipticus var. obcordatus (Franch. )
Focke iy #fi 5] & #4 1 72 F 4& T g Ff R. obcordatus
(Franch. ) Thuan"*',

(AR TE B2 4tk DNA J7 80 15 1% )& Hi )
R W oE b 22 0 T AR G i X A TR IR 2
). MERAEG Y X Z DI RE L D & T B8 T
JE AR R AR KR RS R R EE . HAEZEMY
R Y8R F WEFE T S AR A g B DX Ak 3 B
AEXT A1 (I ernL-F) , R B BARACE 19 )7 51 48 5
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B 1 R G5 B stk o 2 HE X A R Cn
rpl16) W] BEAFTE V47 5742 | [] 58 748 25 it HF P 1A
KE » DTS 322 Ji8 — 6 10 o O 22 15 AN 3 i e 0 A7 7E 3¢
FrR B R B gt o Wt B F — 2B 1 PRl G
BB R G E 5 gk DNA B, JF 45
& ZF DNA FII0 %8 R 588 RIETFHEF
1.2 HERADNAFIATOH KA Z

BN TTS 7 9 168 5 1 s A ) & SE it
SN2 . ITS N RCE B AL, BA B A
S R A R ST P R 05 A0 PR W B N A [ 45 47
MARGRT G M,y R Gk 7 B AR 8 b
SR TTS Jy 4 e 2 5 1 J8 AL h g B 2
555 HA 7 51 HEAT BE & 20 A BT TR 2 D AR
RN NUBIR IS E I 3 LIPS S WSS
GIEARTENOP RS

LR D T EE TR KRE
Fifr (29 170 Rl ] iof A 2 R 1 A0 R AR % Aol 5 £ b 1
PIA 4. Focke "R Y 25 R AE K B 54 7 & 40 K
12 N S I N AR A R L LA SR DE AL, — A%
K 2 gk i, = DR H R R H B .
(532 R GEEN 5 Z A B Bl ¥ T R AT A 7R 0 B e
TIRAEW I3 8 A N FEAR KA LR A S
o ARRR R DAL . T ITS JF5] 5 cpDNA
AWM, S OHH S RGEHN I XRTIAT
BHIESE (R 1. Yang 0 HFR R A 08410
AL T7 FOA T B ) 1Y T 2 28 /D W AN O e A L B
MEZ R G ., B ORAT R G AREEHAIE
WG MR R, B ORH BTG REEH TRl =
O BRI R A R R A R

I A o AR A R B o R ) SR 2% O R R K 2 A
PR 8 55 ) R L TTS JP 8 A 82 i . Kore-
an cultivated bramble(KCB) 7E 4§ [E )71z #% 8% , ¥ 1A
o S p s [ A R 2 4 FH 9 90 A i ke L H e AT 7E
MAEMIES E AR R E S . it — DG %
] Y 5 A 1% 9 R R TR, Eu S50 R T ITS e 5 %
S BN TR AR RIT TS 45 1R W,
W R B R (KCB) 5 2R % (R. occidentalis)
RGO FHT A SR 2 ARG . R wrsinus
AR R LR 2 62,100, 11x,
122 HZ2 Mg, H R wsinus EW & E M FEAH
FEN M, L 62 R, ursinus JHE MMM B EFH
T ‘Logan’ . ‘Boysen’Z& i Fh . 1H R. ursinus 513k
DRHMIR % 50 2 B R 1 A & A i)z
FHHE L Alice N S 5 BT TTS I3 41 B 58 4

HS5Z.0 8T E N EBRREAF R macraei
IHIRHESCFR s i — 2D P ) 73 MR WL R, wrsinus W]
B R. macraei LGP RE S B8 1 W& 55 — K HF
MAAC G . HX AR R R T 122 R, ursinus
() —AFEAS , I A R AS ] A 1A B A (] 5 M 7K T 1
FEAJETFATTE - I g LA VIR R ATS A i it — 2B WE S

ITS J7 5 TE 25+ & A ¥ b B8 )3z . A
Xof AH G S HE A T 5 40 Hh 300 1 i R A B 1Y
GERUY . W HE I, — i, & TTS HE B ) 1k 1
SO BT 5 IR 2 A R SR AR /Y Al G LA M [ A 2
Fi i P BIAR A B D5 5 — i L TTS R 3 R X &R
SRR EEMEEEAERTEEZ 0, ITS RAEEK 2
rDNA B3 I5CH 52 R 56 i b [F) A A9 25 2R 2R e &
He TTS it B A2 & 58 0 A b Al 68 X AH G 2R 1
9 2R GE R o3 A i s IR B e A R Y A T
ik PCR PG BELE A A8 47 3 o AT DL #2600 5 B
DyREAS , JH TTS B BRI Ay 52 e /] L Z0m% o A I
XTAFTE RN TTS 2225 1 AN 68 B H 0 5 1)+
AT B IEAT TTS B3 A 78 Alice #1
B A g R, AR R BT ITS [
MMARNZENE KT Re e S TIREERE DL EJL
PR AR AT AR L R B A . PR, TTS T 91 7 B
¥ J& AE W 04 Ak B R G 2 A PR A R TR ABIE YR
RN .
1.3 BENMBREFREERHTEEVMREZXARR
hEFEEEN

% #% D1 #% 3L [ (low copy nuclear gene, LCNG)
() INf 23, 55 T 22 A R A AR A A 5 5 FAR XS DR ST
9 81 85 RS 8 7S A0 1 A%l R 22 435 1A S T 11 R
HEAL LA DL R B S U5 2 A R i R 0,
BBV 2 ZhF M2 A5k, it x5
IRAEYI I R G B T RS DLUAZ B R i L
Vg

H i 7E & 4 7 & 45 BT & M 19 LCNG
ANZ (R D, B GBSSI (G 45 & BIE B & i)
M LEAFY (A5 A6 53 A= 20 2L A6 3 D) 68D A AH 26 1
F. X2 48F R. chamaemorus N EVPERE 4 Sect.
Chamaemorus )\ P T, BB AL M KR e R 52
KRR BB TR 58 25
PEAL Sy FUEYE . WF 9T K I, GBSSI-1 1E 24 LB F
o 2 A SRR R T8 5 A A R AL AR 45 D
TERGER E AL & HE W 2% 2 B 7 IR 2 A A
TR T 2R 438 F A, R, pedatus W] g ly FH 3B
ARE{EL [ A A A A B 2 R R 5 R



426

[N [ 7/ B S 4

34 #

Py R TE AL ) 2L

ERCEY

Table 1

4545 HoAb R 1) CRE 1) AR 45 L
RLHE DD 5 X5 A [v) 3t B3 A1 DX 2% 22
BF9¢. Yang WA A LEAFY £R0] 5 [H & #
LR F NN LEAFY J& X 5k [ 8 5 5 K i

BT RIT

P

FAn
*1

WBRE TR MR GK T UG B B R/ B, I HER
HR G A MR iy A BARAS oy 520 3] Bt L 5y
LLEAEME R B @ AR, (H 3 U X i 2 R A o
RE UK B T8 AL LA A oy ik —
DNA FRESHFR ARG R P AR

DNA sequences used for phylogenetic analysis in Rubus

TG B Pi A A
Divergence or percentage of
parsimony informative sites

DNA Ji B
DNA fragment

TR

Main result

Main drawback

ndhF39)

R. macraei X5 Subg. Idaeobatus HAhFl % H— 3% R. macraei
was distantly related to all species of Subg. Idaeobatus

R. macraei Ml R. hawaiensis 3% 5 Z 800 B A1 SAPL N B
S5 ) 4K B 25 B R. macraei and R. hawaiensis were not

R. macraei () 2% 5 2 K15 3 fitk The ancestry

of R. macraei was unknown,

R. macraei M R. ursinus (V)8 B 5 H— 5 0F

s 4 2. 18A[40] P
MHERRIEIAL  ndhT:18 closely related. Thc similarities between the two were due to  7° The ()Tlgln of R. macraei and R. ursinus had
cpDNA L - . been questioned.
convergent evolution in the Hawaiian environment.
10 AN HAAR A 15 AR G R R 734 3 2R Ten n-
rhel L1 ative Japanese species and fifteen cultivars were separated into ~ —
three groups.
R. ursinus W J& [0 2% B s Dalibarda repens HH L 240 F 8 FEARANWT 7, B & 2K 8 1TS 751748 41K
ITSP,ITSI;O.AN“). 43 KAKBEH R. ursinus appeared to be a hybrid between Subg. Only on a limited basis did they include all the
1TS2:0~16014 Idaeobatus and Subg. Rubus. Dalibarda repens was nested  Rubus taxa worldwide. ITS sequences showed
within Rubus. low variability between closely related species.
ITSPLe) R. caesius 5 R. idaeus Z [8) fE 15 2 3 Gene flow did occur
naturally between R. caesius and R. idaeus.
Subg. Idaeobatus )% Z & . Subg. Rubus Jj B ZE I s R. ur-
sinus W] GEJE R. macraei 35 % F 5 Subg. Rubus 75— FEHY
723Kl J 38 J5i i Raspberries (Subg. Idaeobatus) were clearly polyphy- . ‘ g g Sk T B
nJISNA 1TSPLo4] letic. Blackberries (Subg. Rubus) were monophyletic. R. ursinus Dalibarda repens Eg’{’L{¥E‘1}3K{§E The po
. . e . . sition of Dalibarda repens was unclear.
might be of hybrid origin with a blackberry species serving as
its maternal parent and the Hawaiian endemic R. macraei or a
close relative as its paternal parent.
R 2 b 25 T A B Distinetions R S AD ITS 51728 5 KAk DNA sequen-
1TS:49. 7(Pi (72! A ANZL A 6 i ) ELAT 3 £ 02 5 Dlstmptlons were revealed cmg revedled little genetic variation among black-
between blackberry and red raspberry cultivars. ;
berry cultivars.
ITS1:2(PD); i R. coreanus 7N 2 i R B¢ A K 5 IR (KCB) A58 The BRI AER I IR A9 ML A i 2 The ances-
ITS2:1.5(Pi)[*0] result did not support the ancestry of KCB to R. coreanus try of KCB was unknown.
ITS:20. 4 (Pi), rpll6 + _ ITS M cpDNA Z %t B 7 JE 46 s Jy 77 16 vh %6
trnK+trml-F. 5. 3(Pi), R. W”"ru\ *fﬂszzstrg“lfli‘jvn ARMURI R. ursinus and R. mac With regard to the position of some species,ITS
GBSSI-1:8. 5(Pi)[43] raet were o1 hy ongmatio tree was not congruent with the cpDNA tree.
S F§ Naikai 17325 R 61 A LK Focke B9 KR40 % 0 H
ITS:34. 5 (PO, tral-F: @RV WA J7 17 # 46 The results supported the sectional — —FUHEFE R (CD BAK  H 40 35 & 3 5 24K 5 3 4
11(P);ITS+trnl-F; 26 classification by Nakai,not by Focke. The Subg. Idaeobatus was — F &G Wi & % It had shown a lower CI val-
(piyLisl a polyphyletic group that had gone through at two independent  ue and weak support value for several nodes.
evolutionary process.
rpl16+ tral -FL73] Dali/)grda repens 5 B4 ? J& 5 ,“zﬁ % 4Y) Dalibarada repens
was sister to a monophyletic Rubus.
W o
ITS,trnS-trnG 6. 2(Pi) , <GB F N 5 RS G Dalibarda repens 5 R. lasiococcus ITS ¥ 51 /4L B A% 1TS showed a lower sequence
. iy [44] fjlzﬁjb}\)t%? R. chamaemorus might be an ancient allopolyploid. .
GBSSI-1:12. 3(Pi) M4 . ) . . LoEEE divergence.
N Dalibarda repens was shown to be sister to R. lasiococcus.
Cor?nlﬁlﬁl ITS, rpll6, trnK, trnl- MG EHT R FIHE LA R, chamaemorus was an ancient allo- R | ITS £ &7 No nucleotide site poly-
analysis F.GBSSI-1L71] polyploid. morphism had been detected in ITS.

ITSP ,trnl-F,rpl16L49]

ITS: 13 (Pi), trnl-F. 5
(pi)L1s!

LEAFY:9.2(PD;
LEAFY+1TS:19.8
(PD) ; LEAFY+trnl-F
9, 3(PpL17]

AFHRA TR 20 5 KF s ARBRALTT RE 25 O R Y S
R R AL 6 Rubus in Bhutan comprised 34 species repre-
senting five lineages. Subgenus Malachobatus species were pol-
yploid and originated from diploid ancestors, likely Asian Subg.
Idaeobatus species.

FOREANZ RN MR T 54 BEH T RARL, M
'7 AR bR B 6 Rl Rd&pbtrrlgs (Subg. Idaeobatus)
were clearly polyphyletic. R. ellipticus were more closely relat-
ed to R. pinfaensis than R. ellipticus var. obcordatus.

o R B S AR A R AR B R AR i 0 B
i, Ry 20 6 A6 3 13 {5 46 3 Evolution proceeded from herbs to
woody plants, compound leal to simple leaf, and pink petal to
white petal within Korean Rubus taxa.

BF5E BE A AU N AR FF 73 4 B Covering samples

were only from Bhutan,

trnl-F 728 S R (5 B S A R el -F

showed lcss variable and mformamc sites.

WSS REACH 56 [ 8 4 F 73 A b (21 F) 5 38 4
KPR AN Z X% Covering samples were on-
ly 21 species from Korean taxa and some taxa
formed polytomies.

PRI EI AR Z AR TTS FEoils N Fe 9 A6 F 39 i i U S B 7R 0 12 W s e 8 4.

Note:". Intra-individual polymorphism found among ITS sequence;*. Average of sequence divergence; Rubus species were divided into 12 subgenus and 8 sec-

tions according to Focke[011] and Yiil3J), respectively.
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$AFSE, #H e cpDNA,GBSSI f1 LEAFY £ 54
TR BRI B 2 15 AL A A ) R AR
SrKHoC EREIRRMLTE ZE B N R W 451 F H
ARG L HF Rt ITS il cpDNA # 2 5&, H it e
% F 25 T8 R G LR M m A EZW Y,

5 ITS F1 cpDNA A Lt o IR +5 D1 A% JE IR X 2 4
S E ANV S g c R SR e i)
B, A H RIAREE DL A I B A % R 1 Ry B R A
& N B R R 2R e /b JR BR T b DX 4 A i
FA 2 Fh, RIL, W it — 25 7 & A 1 Ik #5 D
% TR T 08 2 Bl L 2 A5 UK W b 11 2R 46 T A i
b 13 st i B RE . H BT AE BT AL R 2 Y
Adh (Gt 2 BEW 2B Al RPB2 (Yt RNA B4 i
I0 /55 R W 36) S8 JE ST, Adh 7 A5 25 @
(Paeonia) 3% Bl 3L )@ (Pyrus) RELF W5 B
AT E R T R R A A R TR P
MR T 2%,

2 IRl e B

2.1 DNARFJEBHFEREFENAPHEE

WG T ik T DNA P FIE B b 28 1 s
W ARG KT MR T S H K, Wb —
SO IR A SR (H R T IRORE S B Y R R B X
DNA J B B v i A 2, H AT 3L+ DNA 7
LIDSEL IS S A 3-SR P Pt SRS PSS
HYRBHEDNRELRBEHNRERARGE D, FE
FRIAELL T JLIT I

(DFFFERBER D, EEHEMNHFR R Z R T
iy 7 R B R A b D7 e B R S | e S M X )
A B %k B AR BT U S R b X B T R W
SRR T [E B TR AR ML R AW M.
B R A AR D s A e ik R & T T
T A 2 MR s %, F k. Xt
T LB RGN R R e B R E T,

(2)DNA J¥5 i % /0« B A6 % J@ 48 4 1) v
HAETEAR & . DNA JE 4 EZ UL ITS £,
B3 i SRR L IR B A 3K G 43 T AR DL A R
RIAE XS 850 o HAWE9E T B DL — 7 40 Oy 3=, 44t
MRGAEBAW, BA 279G i AR
AGIRA A WL ] I ) T AS [6] 3 A 3 28 1 AN [e] X 35
1k DNA FIH- 254K DNA X% J@ # 4) - [\ 43 25 By
JCH) RGEWFEARGE . R ITS ¥ 9 BRAFE RN
22 25V 5 R AR 35 TR A L AE AR B T JE S A Bk 5
Fofr ] 0 25 () 19 722 S AR AR . HL I S A IR G ) X

TEI% AR B 0 51 5 B AR K - 19 e 51 78 5
al A ) AR GE R SR ARG A BE A Ml i D R G
gl
2.2 RE

WA PR  DNA P AE 85 T Im i 7> T R 40
PSRBTz A Z IR RS R T SR
PR TR AR TR AN R . P R
TIRHAIR B Z — DR T RGEMELL . 1]
A5 BB 1 T W) 1) T B O3 A 0 22— BT
FEEHTRMAELTRAZLEE, £T Lid
(1) 80 & ATTIA g A AR JLAS T3 11 55 7

(D BEPCRA AN A REA AL 45 BORE T [ AR
PR . o FEM A S 2 DR SRR AL R
GE 0 A A b DS R TR A R LB TR i
TFXF % 8 AN TR 4L 41 b a] LK R g A [5] S 1 fe] 252
AR 2R B 0 2 48 5 A 5 4R i L AN [
B P Ff LA K J R B 5E . B B T R R O A LA
b S oA G S RSN, St BRI SR A . XEAPT
Ja FE 1] A ATF 5T » T 2L B A o ) B B LR35 2% )8 i A st
75 xS TR R R R F U
] 7Y g DX R X P R TR
ARk 138 Fl LA 1 H 2 R 43 4 v 4y A A b
VU R DX C L I 5D 32 DA (U B
B 1 Jm AR ) E B A R 2 — R 2 e
O ¥ B g R Rl 2 K A 2R TR R 19 5% B b
DX AEFRATAAE B . 2 R B0 DX A 43 F
KU R0 TR TR AL 0 R SR N A
BV T b DX AR AR

(2) 356 ) AN [ ke P 20 ok 8 L A ] 3 Al 3 42 1
DNA J Bt JuH 2 sl R 95 DU I . — J5 1 » i
WO %8 A ) AR GU A WL [ I 2k 1K DNA ¥ 51
Al if B2 FH 22 B cpDNA JR S & 0 #r . st — 2201 &
ST 0 ) BRI S DU AZ SR DR A R g AT LC-
NG W& 7 &8 T8 Z MRt REE
A2 B W 22 A5 A AN Bl P . LB XA [
Iy L R G 5T 0 e A IS B DNA J7 BL. it
G AEAZ I DR BA) 1O T A O3 T R SR TP DL EE A
FHIHE B TTS ML A i e =77

COTER I DNA JFF 45 B 50 Hr 19 [ i o B 45 &
YO 1k ik R D& e e 7 e o 3 EP S 1
L5, AE Alice™ IIBFT 45 5 B4 7 B A it
TURFAE R 25 AT 232 56 R 6 09 A JC B ) i A P )
TR R G R RIEAT THR M. AN Bl
TR AL Fe B R SRR AEAE IR 45 0 JE 0 2R
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P WA TR Y WL R T 2R MIZEEYNARRRET XA,
AGR BT I HE B (gene tree) , B HEAE — BZ T E BT RAEY ARG AT W
SERE E RO R EAL S SO RESE R T AR PR DNA R B R I 0 45 5 % R A ) 10

(spe

cies tree) ™™ JFRIZIBAEY LB AN)F T SEE S RN R 2P 2 K0 2Bt k21

VBB RENARIEN RE R FTHRBAAIRERE O XS 78RR #0 5. 7 iex % s i
RKEBHTREYRER TN —DEET 0. YIRS REE AT B 27 i I P
i b BB 2R T B T 8 R A RS T LS R
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