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Abstract: Two genetic integrated maps of Populus adenopoda x P. alba were constructed using FsLinkageMap 2. 0 and
JoinMap 4. 0 softwares in this study. On recombination ratio = 0. 245, two frame maps were all composed of 20 groups

(containing more than 4 markers ). There was significant difference in the map distances between two frame maps and the
codominant marker order of the map constructed by JoinMap4. 0 was more congruous with the Populus consensus map than
that by FsLinkageMap2. 0. The estimated genome length was 2 695. 56 ¢M and covered 93. 34% of the total length of the
genome of Populus adenopoda x P. alba. Two maternal maps constructed with FsLinkageMap 2.0 and MapMaker 3.0
had thirty-two pairs of corresponding linkage groups which were built up with 113 common markers. The codominant

marker order of the map constructed by FsLinkageMap2. 0 was more coincident with the relative marker position in the

poplar whole genome than that by MapMaker 3. 0.
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ADAL’ is the map based on FsLinkageMap2. 0 and

Marker names are on the right. Shaded regions indicate blocks of distortion. distorted markers note with the suffix “d”

0.001 < P<0.005 and seriously deviating at P<0. 001 respectively.
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adal’ is on JoinMap4. 0. Numbers on the left of each group show absolute marker position.

and ‘dd” which deviating at

The same below.
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Fig.2 Alignment of the maps separately based on FsLinkage

Map2. 0 and JoinMap4. 0 to poplar consensus map
7c 9 FsLinkageMap2. 0 {EE (W45 1 B4R ;47 4 JoinMap4. 0
YRS 1 3 BIURF 5 v 18] A 0 — S0P IR 38 (9 55 3 3 LR o
The first group by FsLinkageMap 2. 0 is on the left and one by

JoinMap 4. 0 on the right. The third group of the poplar

consensus map is in the middle.
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ADAL-13/adal-13 5 5 5 59.2 44.6 75.34
ADAL-14/adal-14 4 4 4 55.5 43.3 78.02
ADAL-15/adal-15 4 4 4 51.5 41.8 81.17
ADAL-16/adal-16 5 6 5 52.7 40.6 77.04
ADAL-17/adal-17 4 4 4 45.5 44.1 96.92
ADAL-18/adal-18 4 4 4 42.8 36. 1 84.35
ADAL-19/adal-19 4 4 4 39.5 38.5 97.47
ADAL-20/adal-20 * 5 5 5 59.0 65.4 110. 85
411 Total 131 126 122 2 010. 1 1178 58. 60

@ # IR adal-3 Hl adal4 530 5F 2 2N EPRES ADAL-3 1 ADAL-4 A XTI ;

adal-20 AH X} 1 o

‘¢ 7 F27% ADAL-9 il ADAL-20 4> 514 2 A~ 815 adal-9 fil

#’ means that there are two sub-groups in group adal-3 aligned to group ADAL-3 and two sub-groups in group adal-4 aligned to group

ADAL-4; ‘%’ means two sub-groups in group ADAL-9 are aligned to group adal-9 and two sub-groups in group ADAL-20 are aligned to group adal-20.

2.4 FsLinkageMap2. 0 1£ |¥] 5§ MapMaker3. 0 1E
P ) B AL

W A < AR A PR BRI A 1Y B AR
M I A £ 8 A% £ L 36 209 S ERIE ST A4S SSR A
58 4~ SRAP ), #| f| FsLinkageMap2.0 (Rec <0.3,
Lod >3.0 ) #1 MapMaker3. 0 (Lod = 3.0 )3k 47 3% 4
G3 T, AR A H s AR B Gy 4w 44 T ad AL AD &
W) o B X 2 SRR SEAT X R B 2 BlS LA
32 ASXF 0 EBRE, b 28 SRR EBIRE S 1 XS 1
M %,3 4 (ad-5/AD-5, ad-15/AD-15 Fil ad-21/
AD21)K 2 % 2 K &, 1 4 (ad-12/AD-12 )y 3
X1HRR, 5o ad Bk f 3 4 (ad-A, ad-B
Ml ad-C)ifil AD E &4 2 4 (AD-A fl AD-B) i
BTN N i A 5 2 BT By X a4 Bt R I R
ZF AR (M2 52.2 MBI 2.47% ), HA 6 4

(ad-5/AD-5, ad-13/AD-13, ad-14/AD-14, ad-16/
AD-16,ad-19/AD-19 F1 ad-32/AD-32 )X} )i % 4 ¢
)RR 22 S8 50% 5 X 7 3 BB B 113 /S A
[ Fric (105 4~ SSR i1 8 4~ SRAP) A 5 4 (G_
3869,G_3269,G_1065,0_207 1 G_2768 ) H: i {5
% ,2 Bl A 9 M EEFRIC (G_20,G_2020,
G_40,0_30B,G_114,G_1146, MEI13EMS _140,
ME7EM16_290 I ME6EM14 _450 ) {ii T A [a] i %F
N RE s 53 Ah ad S 123 4~ SSR ORI 22 A
SRAP fric 4 54 10 F1 11 A% A H B AE X
HATRE L, &5 8. 13% Fil 50.00% , AD K& 116
A~ SSR Al 24 4~ SRAP #rid H 40 54 3 Al 14 4~k
A BAE X N E PR L, & 2.59% i 58.33%

G2 FiE 3 ), ml WAL PR AR D b e AR i A T 4y
PO SE
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46 %

% 2 FsLinkageMap2. 0 5j MapMaker3. 0 [& i Lt %
Tab.2 Comparison between the maps based on FsLinkageMap2. 0 and MapMaker3. 0

FRic AL
Number of markers

B
Linkage group

AR R AR 0 &
Number of

common markers

&1

Map distance/cM Pl 2 L

(ad - AD )/ad/ %

ad AD ad AD
ad-1/AD-1 9 9 8 174 153.8 13.13
ad-2/AD-2 8 8 7 150 135 11. 11
ad-3/AD-3 10 10 9 149.5 133.1 12.32
ad-4/AD-4 7 7 6 118.3 103. 6 14.19
ad-5/AD-5 9 7 6 194.5 121 60. 74
ad-6/AD-6 7 7 5 109.6 146. 6 -25.24
ad-7/AD-7 5 4 4 97.7 66.3 47.36
ad-8/AD-8 5 4 3 93.1 64.5 44.34
ad-9/AD-9 5 5 5 88.7 82.3 7.78
ad-10/AD-10 4 4 4 82.8 80. 6 2.73
ad-11/AD-11 4 6 4 66.7 85.4 -21.90
ad-12/AD-12 7 8 5 118.7 211.4 -43.85
ad-13/AD-13 6 6 4 63.9 36.9 73.17
ad-14/AD-14 3 2 2 60.8 36.2 67.96
ad-15/AD-15 6 5 3 84.5 101.3 -16.58
ad-21/AD-21 5 5 3 62.7 96. 6 -35.09
ad-16/AD-16 3 2 2 55.3 29.6 86. 82
ad-17/AD-17 3 3 2 53.5 44.6 19. 96
ad-18/AD-18 4 4 4 515 46 11.96
ad-19/AD-19 2 3 2 23.3 55.9 -58.32
ad-20/AD-20 3 3 3 43.6 43.2 0.93
ad-22/AD-22 3 3 3 36.9 34.4 7.27
ad-24/AD-24 3 3 2 33.1 30.8 7.47
ad-25/AD-25 2 2 2 33.4 33.4 0
ad-26/AD-26 2 3 2 26. 6 49.4 -46.15
ad-27/AD-27 3 3 3 25.7 25.7 0
ad-28/AD-28 2 2 2 21. 4 21. 4
ad-29/AD-29 2 2 2 18.2 18.2
ad-30/AD-30 2 2 2 15.2 16.2 -6.17
ad-31/AD-31 2 2 2 9.9 9.9
ad-32/AD-32 2 2 2 3.3 2.1 57.14
A1t Total 138 136 113 2169.7 2 117.5 2.47
ad-A//AD-A 3 2 56.7 33.7
ad-B//AD-B 2 33.8 18.5
ad-C 18.5
&3 Total 145 140 2278.7 2169.7
3 e AN o — AL A 05 R 1/
- T AFIZECE Dy 100 A, I FLBEA b 2 00 5
31 EHGE Lod {EHLHAIT, 401 100 AF5 2 Lod % 3, % R ic B W

RS H FH FsLinkageMap2. 0 £ JoinMap4. 0 4
H iy x WAt P, RS R R RN
0.245 (fEOL T HA 62 D IEBURE, & 4 DU EAR
ICHESREA 194, S W RAS IR G RE G =
19) %o Xf &4 3% Bl AT 4 [ 53 BT, B 241 3K
13T 20 A FEEGURF AL HELL I (B 1),

WA Fy R38R A% 135 Al T A7 A8 L DA R
2 695.56 M, [&]3% i) i K 21 B 5 B Al 31 93. 34% -
P bR 1C HC i A Lod R A 8 JBCHKE e (7] 522 i 35 A 26 K

150 A~ Lod {HH S (Yin et al., 2004 ). A HF 5% 3k
3 B9 FRIC BN 234 8 235,24 Lod {E IS I Al 55 1 4
L[N 41 K T3 B A2 410 M (Yin et al., 2004 ).
MR bR iC A a e R S, R A 2 B AR 0 2K
R BTN S MRS, AN 2 B A 1 B B B T 7 A DR
B HTEC L0 WA B Rl b, 2 80K 5 R
[ 2 Bk PR H B B B A 19 1 o & AR Wi SOrE 1S
(Yin et al., 2001 ; Zhang et al., 2004; Gaudet et al.,
2008; Woolbright et al., 2008; Zhang et al., 2009;
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Fig.3

Pakull et al.,

€ 3 FsLinkageMap2. 0 5 MapMaker3. 0 [&] % ) Lt %5
Comparison of the maps separately based on FsLinkageMap2. 0 and MapMaker3. 0

ad’

BRI B B0 AR 1, 3X T fig
%ﬁﬁio
) A SR 23 7 A i ) B

ad:FsLinkageMap2. 0 {E [#]

2009 ), 1iiy HL il & 5 1o £ 88 0 4 1E Ak

5 bpic B A B Y

WA, bric 4 fw

AD :MapMaker3. 0 fE 4 .

is the map based on FsLinkageMap2.0 and AD’ is on MapMaker3. 0.

BRI AT A o B AR

225 B A

L AEARTT TR R AT
WCHH T T E S Bre A

FsLinkageMap?2. 0 FA R Y HE 28

A K BT A D 0 B A
F X K & B % 4 5
S R e A TR
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16 4>, 5 MARICEny 12. 2% ,iX 5 Gaudet 2 2008 )
KWK A (P, nigra ) B AL HREAS 3845 & 3% T RY
fii 73 B85 bR 0 B9 LB (O3 ) D 10% A1 14% ) A 22 A
K,/N T Zhang % (2009 ) /> fi 19 25 U B 45 (P
deltoides )R EHg (P. euramericana )i A% B i I 1)
D 43 B AR C 4 E ) (53 31 20. 4% F121.7% ). T
T A 23 1 Y D AL AR 22, FE AR B 5 b AT RE O 0t A% B
& (genetic isolation )& 1% 1Y, B A i A 2 A4 K78
TR AR AR I (B st ), AR B 2R K
TET 500 i B 9 307, — 5 0 s B A 25 SR K AF
TEZRSEAGERMIMG , 432 5 45 3 09 5 40F0 5 B 4 58
it 20 B A BB ks B R /N R S RS
AT p T2 38 23 B AN 38 0 4% 1 79 28 Al Bl it 2k
P, 3K B P AR 2 T B0 0 B R4 5[] I IROR:
KR 48 158 25 B 2 fli A il ™ A i 4 B (Kuang et al.,
1999 )0 A, i AW T 73 Hr i br i 84, X T f
O3B SRR T 2 RSG5 R AR H A
Pt I3 — A, ASAIF 5 0 Rk B0 4 B A e A SR AR
g 1) R Bl 2 A o> 8 bR ic P_2879 (i T % B A
ADAL-4 B adal-4 | ), 7E 38 Y 1A% F1 K 28 47 1 €]
T b R AL T A B A 0 SR AR X, U Wk AR 4 B
Pric B A XA DX A2 B B A e 5 1 9520 (Yin et
al., 2004; Gaudet et al., 2008; Woolbright et al.,
2008 ; Zhang et al., 2009 ; Pakull et al., 2009 ).
3.2 FsLinkageMap2. 0 5 JoinMap4. 0, MapMaker
3.0 LA

A FsLinkageMap2. 0 F1 JoinMap4. 0 #5 ] DL X}
W F, A fm] AR FERER Y 42 38 5 A% 5 B e 4T 2047
TEAEE A 28— RS 00T, = M A0 3 A% HE
R BE R /N 22 53 25, B JoinMap4. 0 3R 45 fY
HE 2 1513 I B 38 A 3 K ] FsLinkageMap2. 0 344 i)
HE 22 (&1 G BT R Y 60% 5 L e v & 1 122 A~ A [ b5
0, X7 B3 B2 A7 3 20 bR i BeAT H BEAE XS I R %
BIRE b R 2 T IR B IR A, 122 S AR [F] A
IC AR H AR B U b ELES 40 0 % R b AR
ICATHRFI Y 22 5 8 K5 X 5 2 B i g it
IR TTVEAT OG22 AR 25 IR B T AL AR T Y i AR
15 2, PRt K 43 b A0 B B 7E X5 0 % B RE |
JoinMap &) Fl fie /)y — e vEAG TF — 50 A e i s 9 A
AL ) YR B e E 2 A i BOC R R RE AL
HAERT G AT 1 A5 B 1 e 5 L
BN A3 A, R A B e i i A e 2
B— AT AL e (Van Ooijen et al., 2001 ;
Van Ooijen,2006 ); FsLinkageMap %4 X} T 4 4> i%
BURE R S R U R L AT 2 00 S HE R % T el

B HEFF , R B 7R B R Bl A AL E 4T 22 10 3% B A3
T, A5 Z1 AH 48 007 5 [R] B4 B 4 2, FEAR 45 A 1] R 550K 162
[ Y 2 R I e st A% PR RS O 22 4R 45, 2006 )
T 43 AT 7 TR A ) S 350 2 A HE BR8] 1 TR B 22 S
+ BB BhR e B T R B A R M B b i R
AR A L ) HEBRE o 7R S — BobE B g AT
Fb Xt & B, 1 JoinMap4. 0 44 2 (4 1 i 4% x 48 (1 4
1515 P 0 ) 5 B b A b i HEZ I 5 45 5
— SO B bR L HE BT L 3X AT AR S — Bt
. J2& H JoinMap AR {444 2 /) A7 G .

FsLinkageMap #1 JoinMap % {4 1] LA B $270 #7 F,
VEEBEARH ab xab 1:2:1)Fl ab xed A:1:1:1 )2
AR B AL AR il , AT 2R B A2 7 19 43 B 7
X J& MapMaker {4 N g 8 2] (1) , MapMaker >R F 19

GO A2 AR 1 SR B N fiE 43 B ab x ab ZE A B AR L,

ab x cdZEAUARIC KR T 3B 4 VE S 10 143 B A6 s Y
5 A H] FsLinkageMap2. O JIr A (4 £ 74 o i
RS W) ad B3 & T8 20 8L E S, K
SrES R 1:2: 119 4 > SSR #rid (G_3058,G_3359,
0_108 1 0_218 )4y 5| ¥ i% 1 ] ad-5, ad-6 il ad-7
HEAHRE Lo 535 ad B35 LR MapMaker3. 0 44
) AD EiER I T 3 4 SSR #7ic (G_1686, G_1809
1 G_3751 ); [6]H FsLinkageMap2. 0 38 3 > SSR #x
it (0_84,0_48 il P_2606 )% 4 %] ad 3% -, 1
MapMaker3. 0 3% 7 ¥ H % 81 8] AD K% I, M,
MapMaker3. 0 ¥ 3 4~ SSR #5ic (0_23,0_156B #i
P_2818 )i & %] AD &% I, Ifii FsLinkageMap2. 0 3%
AR SR ad BE L B0 0F 5 M6 ARl
T ad A1 AD 2 A4~ [ 3% v B8] 4 B0 42 TN T AN TR A
XN AR L. MRk AE, LA 10 M E R
1:1: 1518 SSR FRic 7E 2 &3 vt 9031 457 30 5 5l or
TSR] A %o 7 3% A0 A v AT o A5 3 AR N Y TR b
(&1 3)c BB G R T A 151 SR w1 S 1R 4,
A BB B T A 52 22 18 Y 5 5 HE R 1 B AR TR
A Ko

# AR 2004 )FIH] FsLinkageMap #44xf 1+ 1
Gy B AL A B AT IE B B L M R AZ K AR
AR 1 LA B (53 AE L2002 ) 43 50 38 i T
26 F1 28 (M 54 )4~ AFLP Fric, & #E 4 5 84 hn T
583. 6 F1963.2 oM, M A W 5 FI| F 429 43 25 6 s A%
BRGNS H R s g i 7 5 il BIBE R
BT 109 Mo 3 0] fig 54 B A AR e A ¢, K
Z %4 AFLP Fl SRAP Fric #8 & T W P41, 1 SSR
J& F 3 W AR e, A B 5T A BT fE O AR g,
72.25% J2 SSR 3t & P kR, 27. 75% S SRAP & 1
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Fric e IRk A 3 Sk AR TC R S 4R BB A R
B bRIC 5 T HEBUE &, X BR T 5 bR id i 15 R
PEA G, 38 T 8 5 e PR A 48 T 5% 22 1 f6 ) 4 % D)
AHOG s [ I 3% 8040 A 4% 00 A8 5, S Pk s 1 R 3
PEFRIC R EBIUOC R I RE 2 Bl 2 R A2 Bl

FIH FsLinkageMap2. 0 #J @ ) ad &% 1 & 22
A~ SRAP W PEARIC, LL A ] MapMaker3. 0 #4 2f) AD
KA 2 4,2 A G5 A 50% DL E i R AR I
TA AR 07 3% SR oy, T 388 A H B A8 X 0 3
T A9 IE 2 PEFRIC SSR IR F] 10% , [H it 3t 8 PEAR
I WAEARICAE 2 3 R A SR B X O &R 5 T
HAWFE A S AT AR XL % B L SSR
pRic (G_20,G_2020,G_40,0_30B Fil G_114 ), #]
HE Y75 1E A B 4 K240 W 3 (http: // genome.
jgi-psf. org/Poptrl _1/ Poptrl _1. home. html ) | #E47
HEX Gblast ), & BIX 5 ASARICHE ad P 4 AH B % 4
# @d-1,ad-3,ad-13,ad-15 fl ad-24 ) L 8 5
B P. trichocarpa ) 1Y [F) 5 3% 81 b 09 X 80 AH 1
(E U575 ,2008 ), iX B W A A FsLinkageMap 44 2 )
M) Pt ) 38t 4% P13 b At S A g i HES U 5 AR 10
TER A 42 B DA AH PP O AR AL S A 5

25 b AN TR) 04 P B A 8 A RT3 R
A AN TR D0 B 5 A R TR 2 LS L B 9 b, R AR
(7] 11 P12 2 A S ) B0 5 ) o 14 388 £ 11 3%, FG L S5 AT
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