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Construction of AFLP molecular genetic linkage
map of Sorghum-Sudangrass

SHI Yue, YU Xiaoxia, YU Zhuo, YANG Dongsheng.,
JIANG Chao,ZHANG Mingfei

(Agronomy College , Inner Mongolia Agriculture University , Huhhot  Inner Mongolia 010019, China)

Abstract: [Objective) In order to identify the QTLs of hydrocyanic acid, seed yield and other impor-
tant traits of Sorghum-Sudangrass,a genetic linkage map was constructed with AFLP marker to lay a foun-
dation for marker-assisted selection breeding. [Method) Screening suitable AFLP primers combinations and
PCR amplification of these primers by using AFLP molecular marker technique, Join Map 3. 0 software
were applied to construct a genetic linkage map of Sorghum-Sudangrass for amplification data,with 305 in-
dividuals of an F, population from a cross of Sorghum bicolor X Red hull Sudangrass as a mapping popula-
tion. [Result] A total of 25 suitable primer combinations with high polymorphism, good repeatability and
clear bands were screened from 113 AFLP primer combinations,and used to amplified 444 AFLP markers
from genomic DNA of 305 individuals of the mapping population;the constructed genetic linkage map con-
tained 10 linkage groups,and covered 1 468. 12 ¢cM of the total genome length. The length of each linkage
group ranged from 114. 24 to 189. 34 ¢cM,and the average distance between markers was 3. 38 ¢cM. [Conclu-
sion] It is a genetic linkage map of Sorghum-Sudangrass with a high marker density.
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B RS R (Sorghum bicolor ,2n=2x=20)
IR P (Sorghum sudanese s 2n=22=20) ] F} [4]
e, HEE G 7 v B 7 Bk iy U P A A R LA
W g PRy BE 2 (R CE SR R A A
FiORF BT R PR R JE SR 43 BE M fif R AU
Tt AR ERESRAS TR P, IR
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1.2.2 AFLP 5l# &% &R ] Pst I Ml Mse 1 2 ff
B P PR D70 Tl % e 1) R PR 4 DNA 3 47 UG 3T
T4 34 5 5 3% 45 o W D) A0 3% 32 R — 2B ik o8 Y
iy 36 51 4 Poo 1 MO0 1) 5 51 43 5] A 5'-GACT-
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TA A-3', MY B 51 R T H51 91 3" i
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VImGA T4 JEHEW A NEB 2w, HoAl 55 25 i
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1.2.3 AFLP-PCR R (DE§VI-EERMN. &
MAR Z K : 10 X NEB Buffer 2. 0 xL,10 mg/mL BSA
0. 2 pul, 10 mmol/L ATP 0. 4 pL, 50 pmol/L
Mse | adapter 0.4 pL,5 pmol/L Pst | adapter
0.4 uL,10 U/pL Mse T 0.5 pl,20 U/pL Pst 1
0.25 uL,400 U/pL T4 ligase 0. 4 pL,100 ng/pL
DNA #i# 2.5 pL, il ddH, O & 20 uL, 37 CH#%
16 h J5 .8 T —40 CokAE & M.

O WM. W FR N 10 X NEB Buffer
2.4 pL,2 mmol/L ANTP 2.0 pL,50 mmol/L Mg-
SO, 0.2 pL,50 pmol/L 5|4 MO0 I P00 £ 1.0
pL.5 U/ul Tag-polymerase 0. 15 pL, fiff J1-3% $% 7=
P 4.0 pL,fin ddH,O ZF 20 pL, Y34 0T -
94 CHIZEE 3 min; 94 CZ84E 1 min, 56 CiB k 30
.72 ‘CHEMf 1 min, 28 MEFF ;72 C LA 10 min,

) BEFENEY G SO . RN AR &Ry 10 X NEB
Buffer(#% Mg*" 2.0 pL.2 mmol/L dNTP 2.4 ,L,
50 ng/pl. MO0 +2/3 F1 P00 +2/3 %4 1.0 ulL.5
U/uL Tag-polymerase 0. 2 pL,25 f5# B (/) il § 14
PR 2.0 uLo A1 ddHLO % 20 uL. fHEES B
JW AR 94 "CHUZ M 5 mins 94 CAE 30 5,65 C
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Table 1 Nucleotide sequences of AFLP primers combinations of Sorghum-Sudangrass plants
and the analysis results of polymorphism Marker loci

3 o o PR AR LML

Primer Pst 1 g[%(o ?3 ), Mes | %!%(o ?3 )[ Nunb.q of Nunber of A%
combination Pst 1 primer(5 —3") Mes 1 primer(5 —3") ampllljled polymo'rphlc Percemage of '
loci loci polymorphic loci

P2M53 GACTGCGTACATGCAGAAT GATGAGTCCTGAGTAACCG 14 10 71.4
P2M56 GACTGCGTACATGCAGAAT GATGAGTCCTGAGTAACGC 15 12 80.0
P3M47 GACTGCGTACATGCAGACT GATGAGTCCTGAGTAACAA 29 26 89.7
P3M53 GACTGCGTACATGCAGACT GATGAGTCCTGAGTAACCG 13 11 84.6
P8M47 GACTGCGTACATGCAGGAC GATGAGTCCTGAGTAACAA 16 12 75.0
PIM47 GACTGCGTACATGCAGCAA GATGAGTCCTGAGTAACAA 17 17 100. 0
PIM50 GACTGCGTACATGCAGCAA GATGAGTCCTGAGTAACAT 32 29 90. 6
PIM51 GACTGCGTACATGCAGCAA  GATGAGTCCTGAGTAACCA 21 18 85.7
PIM53 GACTGCGTACATGCAGCAA GATGAGTCCTGAGTAACCG 16 13 81.3
PIM55 GACTGCGTACATGCAGCAA GATGAGTCCTGAGTAACGA 24 20 83.3
PIM58 GACTGCGTACATGCAGCAA  GATGAGTCCTGAGTAACGT 24 21 87.5
PIM62 GACTGCGTACATGCAGCAA GATGAGTCCTGAGTAACTT 17 12 70. 6
PIM66 GACTGCGTACATGCAGCAA GATGAGTCCTGAGTAACCAT 15 11 73.3
P10M50 GACTGCGTACATGCAGGTC GATGAGTCCTGAGTAACAT 28 25 89.3
P1OMS51 GACTGCGTACATGCAGGTC GATGAGTCCTGAGTAACCA 26 23 88.5
P10M59 GACTGCGTACATGCAGGTC  GATGAGTCCTGAGTAACTA 24 20 83.3
P10M60 GACTGCGTACATGCAGGTC GATGAGTCCTGAGTAACTC 12 9 75.0
P10M61 GACTGCGTACATGCAGGTC GATGAGTCCTGAGTAACTG 11 9 81.8
P10M62 GACTGCGTACATGCAGGTC GATGAGTCCTGAGTAACTT 14 11 78.6
P17M47 GACTGCGTACATGCAGACG  GATGAGTCCTGAGTAACAA 28 24 85.7
P18M48 GACTGCGTACATGCAGTT GATGAGTCCTGAGTAACAC 21 21 100. 0
P18M49 GACTGCGTACATGCAGTT GATGAGTCCTGAGTAACAG 22 21 95.5
P28M58 GACTGCGTACATGCAGCC GATGAGTCCTGAGTAACGT 27 24 88.9
P28M65 GACTGCGTACATGCAGCC GATGAGTCCTGAGTAACCAG 24 21 87.5
P28M70 GACTGCGTACATGCAGCC GATGAGTCCTGAGTAACCGT 26 24 92.3

B Total 516 444 86. 0
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P18M56 P28M65 P28M68 P28M70 POM62 POM70 P10M50 P10MS58
P12 3P, P11 2 3P P12 3P P12 3PP123PP123PPI123PPI123HPH

1~3. Fp Bk Pr. BEACHORE 5 3 s Po SOARLLFE R A 20
1—3. F; plants; Py. Sorghum bicolor (female) ;P,. Red hull Sudangrass (male)

B 1 P RCEA R F, #8547 5k AFLP 514709 5 3% G 43 51 91 19 45 58
Fig.1 The screening results of parents and F, plants of Sorghum Sudangrass amplified

with AFLP markers (Partial primers results)

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

Py BEAS OBE R B 5 Py SUARLLFE 5 P H 5 1~ 32, i PR B Fy BERTR 43 5 bk
Py. Sorghum bicolor(female) ;P>. Red hull Sudangrass(male) ;1—32. F, partial plants

& 2 AFLP 5|¥ 414G PIMSO X & FH R Fy 4 B MAHR 2 B bk ROEA Y 3 3 25
Fig. 2 Amplification of AFLP primer combination P9M50 in partial F, individuals population

and parents of Sorghum Sudangrass
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M. DNA Marker; Py. BEAS U3 85 52 5 Py SCASLLFE S5 PH 505 1~ 45, @ PR Fy BEUR TR 43 Bk
M. DNA Marker; Py. Sorghum bicolor (female) ;P,. Red hull Sudangrass(male) ;1—45. F, partial plants

{3 AFLP 519204 P1OMS0 Xt &5 F3 50 Fy 43 i BEAACHR 7 Bk B ok A O 37 4 245 21
Fig. 3 Amplification of AFLP primer combination P1I0M50 in partial F, individuals population

and parents of Sorghum-Sudangrass
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2.2 BEAFLP tricHwES BHH

RO KB F WY AR KD F (Y 444 A7 PHRE AFLP
ZRMN TR OO S P A E R 3 1 B
A 362 4~ ULHAFE P<<0. 05 /KSF-/t . A 82 AMHrid &
HARAYBS o i AARIC Y 18. 479 (5 2) 45 & M 1k
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Table 2 Segregation distortion of AFLP genetic map Marker of Sorghum- Sudangrass

EZo3 e I s 73 B3 b Z SR SN i 73 B3 b
e ok 1 b Y T R \he ol Ty jienag S ERRIC R
wop okas PPRRIEEC S aegy wom e SRR a0y
Linkage Number of biased Ratio of Linkage Number of biased Ratio of
group polymorphic pase distorted group polymorphic 1ase distorted
. markers . markers
loci marker loci marker
LG1 52 8 15. 38 LG7 31 8 25.81
LG2 44 9 20.45 LG8 41 7 17.07
LG3 39 8 20.51 LG9 47 7 14. 89
LG4 38 10 26.32 LG10 48 9 18.75
LG5 47 8 17.02 41 Total 444 82 18.47
LG6 57 8 14. 04

2.3 BRAESTEREEIENAE

FMAT Join Map 3. 0 fF B % F. #y & )
AFLP 7y T30 A5 78 R 3% 45 R W 4. i &3 LA
LOD=3 Jy il S48 . 3640 5% 10 >3 BiRE. 444 4
AFLP ) FAric i A BB AR H B K E R
1468.12 cM, &£ EB MK EAZ NN 114, 24 ~
189. 34 cM., HHh LG7 & Bl i fe 5. LG4 3% B 5

Ko SEBRERMARICECH 31~57 A, & bric [A] fh 2
H2.65~4.98 cM, P EIFE 3. 38 <M, {HE K
it 5 M (5% 3) . R HIZ 5> F 35t 1% & B Oy o 2 B
P 3 A 2 R E 9 e P 3 A TS bR e Bk
I 22 T S 1 B L O e PR AR AR B B O
AR E R QTL E A UFR 598 T 5Ll .

R3 BAEECENEIENERFE

Table 3 Basic characteristics of genetic linkage map of Sorghum-Sudangrass
i Ll Y s bk Ty L i iR 02 b 1 (1] °F- 34 I e ol R 1 B AR 0% 0 ] O 34
e B e R K/ M BRI EINTRE e PRICIE - e B K /M SURY R TRE IR
; Number of [E]#E /cM N Number of 6]/ cM
Linkage Map . Linkage Map .
roup length linked Average group Jength linked Average
& markers distance markers distance
LG1 159. 06 52 3. 06 LG7 114. 24 31 3.69
LG2 122. 42 44 2.78 LGS 154. 10 41 3.76
LG3 153. 94 39 3.95 LG9 124.63 47 2.65
LG4 189. 34 38 4.98 LG10 137. 84 48 2.87
LG5 134. 33 47 2.86 41t Total 1 468.12 444 3.38
LG6 178. 22 57 3.18
s Wi i N A FER VIR QTL & e .
> o

Or AL B IR O AT AR IR QTL
Pk ANE 3PS NS R A v e s VT 7 s e T W RS R
BIF 5 1% e A T 335 14 i B R T s 1 1 ) % A A
O A R S BE AR IC ) R R s 1E 0 A B )
F9 T %+ 5 gl B e O A (LA B R
ML AR AR T R 1 A3 3 A T AR
FU AR 00 P 0 35 A2 2 B I 3 T T AFLP 29 1
PRICHECRE B 22 (444 A>) L % 18 B0 ChR I 8] °F- 44 1 5
3.38 M), H A& MBI Y bric 20 A LL 3 2
U 12 PR3 1 Joi o ¢ i » AT T e P IR AUTRURR

i 7 18 A AE — A~ 73 B R A PP LS B ) D Y
EC A9 i 75 U 9 o PR oy B E A B . ARy Tkt
e WP 1 A o b W BE DNA 23 145 10 fid
B TER 2 B L B A oK R
TSR LR T RS —BRA
s 3t Il B G2 114 D PR R A AR AL A R IR
AR S 5 R A 2 b T HE LB R AR 2R AT
PRASANS BRI R 3R A A [A] . DL R i TR A R A e
F R L AR G S bR I AN 23 5 R A W) 5t 1% 3 B
Tl i A ) A
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117.5
118.3
123.5
124.9
125.9
127.6
129.1
130.7
135.5
136.4
145.5
145.7
149.7
150.5
150.6
153.3
157.0
160.9
173.9
178.2

cubuproa—~bowo

R S R Y L R

O\OPRXPXPIIRNNADNNANUNUNUN LN U BB BL L LWL W IR N —

P8M47-856
P3M53-1450
P10M62-242
P3MS53-1125%
PIM58-709
P28M58-105
P8M47-158
P3M53-82
POMS50-875
P10M50-321
P10M50-137
P10MS50-627
P10M50-65
P10M50-202
P3M53-88
P10M50-266
P10M50-352
P10M50-120
PIMS50-153
P10MS50-153
P10M50-94

P10M60-215%
P10M60-351

PIM62-652*
P2M56-753
P10M62-183*
POM51-732
P28M58-351
P18M48-156
P10M59-1316
POMS55-1317
P28M58-1601
P3M47-364
POM50-219

P2M56-1057
P18M49-482

P10M62-752
P3M47-747
P10M59-316
P10M59-512
P28M58-713
P18M48-450
P18M49-1750
P18M48-275
P10M62-82
P18M49-205
P28M58-852
P18M49-710*
PIMS50-1516
P28M58-181
P3M47-1120
P10M62-135
P3M53-1515
P18M49-952
P18M49-624
PIM66-409
P10M50-161
P18M48-420
P18M49-351
P2M53-553
P18M49-434

P10M50-243

P10M59-191 POMS55-190

P18M48-1665*

PIOMS55-245 P10M59-245

LG2 LG3
0.0 —7 POM47-202 0.0 P10M59-183 0.0
4.1 PIM66-71 16.6 P10M59-218* 10.8
8.1 P10M51-908* 29.4 P28M58-283* 26.9
17.0 P10M51-725% 32.8 POM66-83 35.1
25.1 P10M51-554 39.5 P18M48-420 40.4
26.0 P2M53-743 423 P28M65-907 432
29.3 P10M51-81 49.5 P28M58-1232 46.2
30.7 POM58-453* 50.0 P18M48-962* 48.5
30.9 PIM66-1515 52.4 P18M48-621 50.3
31.9 PIOM51-1131*  58.4 P18M49-854* 54.7
32.3 P10M51-631 59.1 P18M48-1600 61.7
35.8 P10M51-264 59.2 PIM62-758 63.8
38.2 P10M51-109 63.8 P8M47-1524 64.7
39.2 PIOM50-353 64.4 POM51-517 67.0
43.1 P10M51-435 66.8 P18M49-1051 69.1
45.4 P10M51-481 69.1 P10M51-810 76.3
48.6 P2M53-235 72.5 P28M70-513 81.1
49.6 P10M51-161 73.7 | P18M48-1511*  82.1
522 P10M51-120 773 P18M49-1125*  g9.6
55.0 P10MS51-505 77.6 P18M48-402 90.8
57.0 PIM58-507 78.7 P10M60-132 92.4
ST PIM50-324 83.5 P18M49-1617 92.8
58.2 P10MS51-180 85.6 P28M70-31 95.3
62.0 P10M51-185 86.7 P18M49-95 95.5
63.9 PIM62-1209 87.2 P28M65-1126 100.8
66.5 P10M51-352* 88.7 POM51-217 104.0
68.7 P10M51-95 90.7 P18M49-1280 107.1
7155, P2M53-1303 97.9 P28M58-917 111.0
72.5 P10M51-281 99.4 P28M65-1852 112.8
7311 PIM58-176 105.4 P18M49-1582 118.7
75.9 P10M61-71* 106.3 PI0M62-526*  124.5
76.6 P10M51-810 108.3 PIM50-1556 124.7
77.8 PIM62-1047 112.8 P28M70-184 125.0
79.3 PIMS51-263* 115.8 P28M70-953 125.6
81.5 P2M53-650 116.5 P28M65-1728 127.9
81.9 P10MS1-316 119.9 P10M60-617 152.0
87.6 POM51-1097* 12523 P8M47-50 161.1
88.0 P10M61-83 128.3 P10M50-753* 189.3
90.8 PIM58-1017 153.9 P28M65-1417
93.9 P10M51-212
94.2 PIM58-264*
106.7 P28M70-151
121.7 PYM58-842
122.4 POMS55-182*
LG7 LG8
0.0 P3M53-928 0.0 1~ P28M58-164
2.6 PY9MS58-1357* 15.1 P10M51-1703*
14.4 POM51-314* 224 P18M48-120
16.4 PIM58-112 30.4 PIM62-317
21.7 P10M60-184 32.0 P28M58-633
26.1 P28M65-703 32.4 /-P18M48-320
28.2 P3M53-184* ) —P28M58-515
29.8 POM66-126 39.7 [-P2M53-266
30.0 PI9M50-103* 45.7 [-P28M58-203*
319 \\ P3M53-580* 49.2 P8M47-923
39.8 POM58-144 53.3 P18M48-712
209 P10M50-529 54.0 P28M65-205
41.4 POM55-454* 552 PIM55-1042
46.8 PIM62-72 56.6 P28M58-541
46.9 P28M70-173 61.7 POMS58-925*
49.3 PIM66-1609 62.6 P10M61-718
55.2 POMS58-85 62.7 P28M58-265
58.3 | POM66-714 66.9 P28M65-907*
62.2 | P18M48-214 75.9 P8M47-531
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Fig. 4 Genetic linkage map of Sorghum-Sudangrass
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