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Relationship Between Differential Gene Expression Patterns in Leaves
of the Hybrids and Their Parents of Sorghum sudanense( Piper ) Stapf

DONG Jing',LU Xiao-ping' ,MI Fu-gui’, WANG Shu-yan',HE Li-jun',
HAN Ping-an' ,XUE Chun-lei' ,CONG Meng-lu',LI Jun-wei'
(! College of Agronomy , Inner Mongolia Agricultural University , Huhhot 010019;* College of Ecology and
Environment , Inner Mongolia Agricultural University ,Huhhot 010019) )

Abstract ; Four collections of the sorghum sterile lines and five types of Sudan grass as parents,according to the
NC II design,formulated 20 hybrid combinations. Eight hybrid combinations of strong heterosis were selected with
evaluation of the phenotypic value and heterobeltiosis. Using ¢cDNA-AFLP technology, differentially expressed genes
from hybrid and parental seedling leaves were analyzed and correlated with hybrid performance and the heterosis of
main yield traits. Results showed that: (1)a total of 315 TDFs were amplified with 12 pairs of primers,the gene ex-
pression types of sorghum-sudan grass were classified into 7 catagries:single parent expression of the same type |
(P1F1 type) ,single parent expression with type II( P2F1 type) ,hybrid specific expression type(F1) ,single parent
expression silence type I(P1) ,a single expression silence type II1(P2) ,and parents silent type( P1P2 type) and hy-
brid-parents joint expression type( PIF1P2 type). (2) correlation analysis between the expression types and yield
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components showed significant positive correlation between effective tiller number and P1F1 type (0. 726 * * ) ,fresh
weight per plant and P1P2 type (0. 659 * ) ,leaf length and P2 type (0. 647 * ) ;it showed significant negative corre-
lation between leaf number and F1 type( —0.81 ** ). The correlation analysis between mid-parent heterosis and
gene types showed significant positive correlation between the spike length and the P2F1 type (0. 785 * * ), fresh
weight per plant with P1(0.695 * ) ,P2(0.637 = ) P1P2(0.661 * )and PIF1P2(0.743 * * ) ;significant negative
correlation between leaf width and P1P2( —0.619 * ). After correlation analysis with the super parent heterosis , the
spike length was significantly positively correlated with P2F1(0.732 ## ) ,and the leaf width was significantly neg-
atively correlated with P2F1( —=0.731 *=* ) PIP2( =0.731 *%* ). (3) deferentially display types of P1F1,P2F1,
P1 and P2 were dominant effects, which accounted for 91. 4% of the total. Differential display type F1 and P1P2
performanted super dominance ,accounted for 4. 8% . It indicated that the hybrid performance of each trait was main-
ly influenced by the( super) dominant effect. (4)8 TDF's associated with heterosis were retrieved and found homolo-
gous nucleotides with BLAST analysis, and seven homologous proteins were found important in control of plant
growth and development. (5) nucleotide sequence was obtained by cloning and sequencing, and semi quantitative
RT-PCR was used to verify the nucleotide sequence. The molecular mechanisms of heterosis were revealed ,and the

selecting efficiency should be improved in screening strong advantage combinations and providing basis for the crea-

tion of germplasm resources in Sorghum-sudan grass.

Key words : Sorghum ; cDNA-AFLP ; semi-quantitative RT-PCR ; heterosis
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Table 1 Mid-parent heterosis and high-parent heterosis of 20 materials
. H R BESL RUEI B 5L LERVS iy
R 4 R s o MK K -5
Effective tiller Leaf number of Plant fresh
Variety name Plant height Ear length Leaf length  Leaf width
number mature stage weight
MPH 35d -33.33e —-35.06¢g -36.36f 9.09¢g 20.00d -20.64 h
13A x21 5
BPH —10.66¢ -50.00c —-55.36¢g -61.11f 15.79¢ 50.00c¢ -46.02 1
MPH 64.71b -66.67g 25.42¢ -61.76g 25.37d 40.00b 32.56 ef
13A x F15%
BPH 5.00b -175.00e -2.63¢ -76.79¢g 20.00b 75.00b -7.84 h
MPH 94.27a -60.00f 46.43a -3.45¢ 20.93d 20.00d 44.43 de
2397A x21 5
BPH 26.01a -66.67d 17.14b -39.13e 20.00b 50.00¢ 14.37 de
) MPH 55.56¢ -66.67g -6.67e -11.48e 1.41h -9.09¢g -0.35¢g
13A x 415%
BPH -0.63b -75.00e -28.21e -44.9e -7.69¢ of -30.86 jk
MPH 35.75d -50.00f 41.82b 108.7a 8.40g 20.00d -1.60g
13A x k5%
BPH -12.08a -50.00¢ 14.71b 41.18a 5.97d 50.00¢ —-25.85j
MPH 66.99b 20.00b 1.27e 10.77d 32.77b 27.27¢ 51.72d
2397A x HB5%
BPH -46.32d —75.00e -58.93¢g -79.63h 8.77¢ 75.00b -70.43m
MPH 47.64d -20.00d 44.26b -25.37f 33.33b 27.27¢ 98.89b
11A x 5%
BPH 7.50b -50.00c 15.79b —-55.36f 25.71a 75.00b 31.29¢
MPH 58.37¢ Oc 37.93b -5.26e 25.98¢ 9.09e 149.33a
11A x21 %5
BPH 18.24a -33.33b 14.29b -41.3e 23.08b 50.00c¢ 84.35a
MPH 35.64d —20.00d 16.13d -3.33e 20.00e 16.67d 80.04¢
1A x 45%
BPH -0.95b -50.00¢ -7.69¢ -40.82e 7.69¢ 40.00d 18.64d
) MPH 34.23e 33.33a 57.89a 15.56d 13.18f 9.09%e 44.81 de
2397A x H5%
BPH 0b Oa 32.35a -23.53d 8.96¢ 50.00¢ 2.52 fg
MPH 38.86d -60.00f -51.28i -66.2h 38.74a 9.09%e 17.81f
13A x M5
BPH 7.72b -75.00e —66.07h -77.78¢g 35.09a 50.00c¢ -16.78i
MPH 36.17d —-20.00d —20.00f -17.81f 33.87b 27.27¢ 28.31 ef
11A x $5E5%
BPH Ob -50.00c -36.84e —46.43f 18.57b 75.00b —7.16h
MPH 39.46d Oc 22.81c¢ 42.86¢ 15.97e 27.27¢ 54.94d
314A x B
BPH 5.07b -33.33b Oc -2.17¢ 6.15d 75.00b 29.25¢
MPH 45.61d -60.00f -37.70h 12.12d 10.61g -16.67h -16.20 gh
2397A x £15%
BPH 7.26b -75.00e -51.28f —24.49d -6.41e of -39.50 kl
MPH 41.52d 33.33a -7.14e 5.88e¢ 17.36e 27.27¢ 30.85 de
2397 A x k5T
BPH 6.38b Oa —23.53d —20.59d 5.97d 75.00b 11.301
MPH 60.22¢ -66.67g -6.67e -16.42f 12.28f of -15.54 gh
314A x21 5
BPH 9.56a -75.00e -37.5e -48.15f 12.28¢ 25.00d -42.131
MPH 58.57¢ Oc 43.86b -10. 14e 29.13¢ 20.00d 104.71b
314A x 458
BPH 4.06b —-25.00b 7.89b —44.64e 17.14b 50.00¢ 43.41b
MPH 52.02¢ —-20.00d -25.93¢g 72.88b 24.59d 40.00b 32.69 ef
11A x 2158
BPH 1.69b -33.33b —42.86f 10.87b 16.92b 75.00b 6.13 efg
MPH 39.09d -66.67g 6.90d -9.68e¢ 0.74i 9.09e -1.60 1g
314A x 2158
BPH -8.52b -75.00e -20.51d -42.86e -12.82f 20.00e -31.22 jk
MPH 64.32b -50.00f 35.85b -44.68g 20.97d 60.00a 33.21 ef
314A x Fi5e
BPH 9.73a —-50.00¢ 5.88b -61.76f 11.94c 100. 00a 1.29¢

MPH 2 R LS BPH RIS, RPN R 7RO TE 0. 05 JRP- 2257 B2

MPH for mid-parent heterosis, BPH for heterobeltiosis. Different letters in the same column represent significant at 5% level
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BRZER R A I G S Y 26. 7% , H:
Jr 7R AR AT I A MR RLON A ; 22 S /R 2R A FL
A PIP2 St 7 BAS AR 4. 8% , HLFEHH 1F 1] 5§ 7t
] ) S M s PIF P2 AR5 O K 25 5 i /R 27
B PR SO, AT SR 3.8% , B
S8 ¢DNA-AFLP 22 5 1 75 H R AN i 45 7 3X 26 TDF,
PGB A B (0] LAAS 2 b 45 etk i) R 3 2 22
2 B 9 2 S MBSO ()5 ) T A2 28] Jm A 50 A 35 PR
B AERSUNE AR5 T A B ARG AN

NN R W N -
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Fig.4 The number of different types between the combinations
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B 7 A2 RN FRR N 7 A, Ui
AR TEAF A G h R EANE SR, 5T A
AR AR 232 o 2 B 32906 B rp 232 (10 35 R 2 4
FAATHRII M (R 2.3) . MEFEEPFRILH K

F= bl B R ARG AT S R bW LUE A
ROTBERLS PIFL 24K B 3 IEHI G, bkt B S
PI1P2 MK 5 P2 2RI H R HEHEA R W E EAMH
X, BRI B F1 255N R A 2R R
FRAK,

X AN 22 57 R A 2870 5 rh R L3R S A AT Y 45
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Table 2 The correlation between F1 gene differentially expressed patterns and yield components

. AR BER AR £ HApg b
S e - 1S RS 5
Effective Leaf number Plant fresh
Type Plant height Ear length Leaf length Leaf width
tiller number of mature stage weight
P1F1 %Y 0.02 0.726 " 0.344 0.216 0.027 -0.332 0.568
P2F1 %Y 0.542 0.246 0.422 -0.394 0.427 -0.431 0.561
P1 # -0.039 -0.179 -0.021 -0.153 0.055 -0.218 0.111
p2 7 0.302 0.243 0.184 -0.321 0.647 " -0.118 0.452
P1P2 %Y 0. 166 0.572 0.428 0.18 -0.075 -0.431 0.659 "
F1 #l 0.361 -0.267 0.291 -0.81"" 0.564 0.098 0.118
PIF1P2 0.076 0.354 0.262 0.135 -0.069 -0.545 0.512

*FR P<0.05 KFF W3, " FR P<0.01 KFTFRE, TR

*

and " indicated significant at P<0.05 and P<0.01 ,respectively. The same as below

®3 HAERRZIEXS57 MERPFEMEFLBBEXMYE

Table 3 The correlation between F1 gene differentially expressed patterns and high-parent heterosis

FeE AR Yield related traits

2RI
Different 3E AT BEEL BRI A MR
expression Plant Effective e Leafl number of i i Plant fresh
pattern height tiller number Ear length mature stage Leaf length ~ Leaf width weight
PIF1 %I MHR  -0.096 0.481 0.251 -0.004 0.395  -0.326 0.262
BHR  -0.159 0.449 0.17 -0.025 -0.006  -0.332 0.165
P2F1 %I MHR 0.411 0.15 0.785*" -0.1 -0.278  -0.583 0.488
BHR 0.407 0.272 0.732** -0.104 -0.165 -0.731** 0.514
p1 7 MHR 0.162 -0.197 -0.062 -0.105 0.041 0.04 0.695 *
BHR 0.022 0.063 -0.073 -0.144 0.332  -0.218 0.283
P2 #i MHR 0.112 0.361 0.396 0.034 0.01 -0.161 0.637 =
BHR 0.299 0.143 0.44 -0.016 0.485 -0.118 0.593
P1pP2 il MHR 0.119 0.4 0.276 -0.02 0.401 -0.619" 0.661 "
BHR 0.126 0.573 0.22 -0.075 0.318 -0.731** 0.594
F1 7 MHR 0.345 -0.418 0.537 -0.553 -0.227 0.319 -0.188
BHR 0.044 -0.567 0.478 -0.526 -0.059 0.098 -0.283
P1F1P2 % MHR 0.153 0.233 0.126 0.01 0.316 -0.445 0.743 "
BHR 0.111 0.5 0.085 -0.054 0.402 -0.645" 0.594

MHR A 22 5 AR RN G R H BHR 22 3R A sk 5 MR 3540 G 2R B
MHR for correlation coefficients between different expression and mid-parent heterosis, BHR for correlation coefficients between different expression

and heterobeltiosis

R LB, K S P2F1 B AR B A, TS AL 25 S RTH BEK R P2F 25 S5 P Gk
PIP2 B W A OC, B bk E dE 5 P Y P2 WY RS P R AR SR DU SR DG S A AR S
PIP2 Y PIF1P2 RIR B IEAHC, FEARIZF R MK H5 F1 FRBBIF AR FTI W2 OCHE XR
IRRR G R AT 25 R h R B S BIAsSc G h TR R A T BRI AR, 5
P2F1 AU R4 35 IR A OG5 5 P2F1 A PIP2 B AN RREEE S PL P2 PIP2 Al PIFIP2 s R0k
SR EF A, PR ek AR R B Jd 2 R O | 0 B e P
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U, O IEAR G 19 WK, A DG 12 1R, X SEfy 3 2
S TDF 78 3 FhEEE A b 14 40 A Je AN —FE Y, H
SPARERR 1) TET AT W3 25 S 0 TDF oy, X 2% Ff
HISEARFINA B8 2, Rk, %
IR Z ;2) 5 =P EHRA R AR C 1) 22 5 TDF 2
A 1A, EEMAE LA AR A —F 55, vl B il 24
TR S A 22 L% 5 PR 5 77 A 2 R, 385 19 5 PR 4 AR
SRR,

ANF 225 TDF BRI J7 1) 2 AN a1 A — 25 5
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RN B, SN B 5 56. 5% 5 78 2R A SR SR AR
b MR ERON 9 2 TR, Hor g R 3GE
ROV 5 61.5% , SR ERN 5 65.4% . H
TAEARTE A B B AR T S PR 2R 5 26 AR
(] BB A% 22 5 1B AT X R A 34 B ik 110 3
ARG AR I IE RN 1Y) 25 55+ TDF 3 % | 4+
() R LSRR R SME R &
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(1) TDFs B 753#7 .

WEAE PR B 3G ) N rh o1 S 25 SRk
AR — BRI KG 7 Fh 22 57 ek AU 5 7
P 25 Z25 50 45 IEAT T [l h 340 257 #F
Il it A A eI DRI BT DI T 13 NS PRl 22
SRIKF B, LB R Bid , i F R B pE 41
ST EY AR T 8 Kalifbis i B (I 5) k4T

IR, AR E 2, 8 S22 Sk K B Ay 2
J& T AP AR 22 RN RTY (F1 B Ak 6 >3 5]
J& T 6 FiA R Y 22 57 RN
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750bp
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Fig.5 agarose gel electrophoresis for the

recovery products of gel

(2) TDFs ) BLAST 504t

XS SRATT A P B S TR 2% IR A 128 B A H R T
S IRIEPEBEST 1 Hed, 91 HR e 900 ) D PR A5 s P A L
SR (F 4) . A TDFs [R)IE T 41 oo 45 5 A5 0,
[P fe e PO D o g v S K BRI A 81 /D
& R BT BERSE A IGRI NARARHEY
x4 HROTERBRZEREIRELE
Table 4 Homology of transcription-derived fragments( TD

Fs) sequences

IR —
ErRs Btk (%) Genbank [l R Fh
No. Identities of ID Organism
amino acid

99 XM_002447646. 1 [ Sorghum bicolor ]
TDF1

94 XM_004975307.2 [ Setaria italica

98 XM_002438659. 1 [ Sorghum bicolor ]
TDF2

95 KF184756. 1 [ Saccharum ]

88 11958722.1 [ Schistosoma rodhaini |
TDF3

87 CP009279. 1 [ Paenibacillus |

100 XM_002442748. 1 [ Sorghum bicolor ]
TDF4

88 XM_010241219.1 [ Brachypodium distachyon ]

99 XM_002460642. 1 [ Sorghum bicolor |
TDF5

87 AK365095. 1 [ Hordeum vulgare ]

100 BT069645. 2 [ Sorghum bicolor ]
TDF6

84 FP097685. 1 [ Phyllostachys edulis |

100 NM_001154258. 1 [ Zea mays]
TDF7

80 AK330387.1 [ Triticum aestivum |

100 BT069323.2 [ Zea mays]
TDF8

87 CU405666. 144. 1 [ Oryza rufipogon ]

[ FiF, P 2R AT B9 2 SR AT A R BOR AR R A TR R
FEEEEAT T E A RRE N, 49— 28,8
FSAT A BT B TDF3 R 4R 21 [l YR M 2R (1 4,
i TDFs #3453 B AN R E H . XF TDF1 #E47 [F] 7
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P A e IR [R) U5 B 1 oA 8 1 o 2 T 9 R L R
iER ., K& A EE T 5 (ANK) & —Fp)
EALHET R AR T HIBA  ANK 50384 3 5
P55 28 1 PR A7 AR, i 3 AR (] B e 45 i
TR A BBA R, (45 A4 W AR Y B 22 T fig 5 LA
AR EHS ) TDF2 Fr BERIJR P S & PB1 2540 2
H,PBl &5tk e 2 —M N S —EARZ
(B R A EAE I BS540 35 ; TDF4 | B[R] YR 2
FDIfeS T 28 Ye o g e filE DNA 5581 2 8
FLEA A A H3 R A4 A0 5 K 5 TDFS
J B[RRI v R R VS AR e 2 R e iz {4k TDFG
BEIRIE R 2 A I B8R C2 45 A B8 1 TDFT F B
FREHEMMOER C EE, Mf6AE C RLN
PRI i 1% 3 2R, 36 T iX — T g, CiyC
S5 Yk N — &5 5 5 A AL R R T

&5 FTE=E RT-PCR3|¥igit
Table 5 Semi quantitative RT-PCR primer design result

TDF8 F Bt [FVR T A ) I A TAEW A Ras &
H, BA 55100 GTP FiG 1, 454 GTP H1 GDP 433
MIEASFNSRTER, IrLL Ras 25 5 GTPase J56
M, Ras EAMTEHREX ALK 10 40
Ji 48 S R 43 0 A e AR AR EL A R
PTK .Ras . Raf \MAPKK ,MAPK 18 it & 2% (19 25 14 ] 1Y
AR DL R AR BT R AL AL 38 2 A R
B AV A K RIS GTP 8 GDP 45 &b 116
PEJEAT P 2 AN, Ras 7F RTKs /3 1)
3 PR — O RR A 4
2.5 RT-PCR &#f

JHAPE cDNA-AFLP 25580l Sk K315 09 8
AR RIS TDFs #5477 RT-PCR $33FE, LA GAP-
DH 1E R N2, i 45 TDF ¥ 51 W NCBI £k 122 K
primer 3 witsl¥, ks,

Bl% % (5" 537) Bos Ky O COER i ()

Primer type No. Sequence(5' - >3") Template strand Length (%) (%) Product length
Tm GC

Forward primer TGGTGTGCGTGATCTACGTG Plus 20 60.39 55.0

Reverse primer bt GCTTTCGCTTTGGAGGATCG Minus 20 59.62 55.0 80

Forward primer GTGGGCTTGTCTGTCTTGGA Plus 20 59.89 55.0

Reverse primer b2 AAGCTCGACCAGTTCGCATT Minus 20 60.32 50.0 82

Forward primer TCCACATTTTGTTGCTGCGG Plus 20 59.97 50.0

Reverse primer b GATGACTCCTGAGTAACAAGGC Minus 22 58.47 50.0 .

Forward primer GCTGCTTCAATCACCAGCAA Plus 20 59.40 50.0

Reverse primer GAATTGAGCGTGGTGCAAGA Minus 20 59.13 50.0 100

Forward primer GACACCAAGATCCCCGACAA Plus 20 59.68 55.0

Reverse primer 3 TGTGTAGCCGACAACCTCAA Minus 20 59.25 50.0 77

Forward primer GATATCACGGAGGTGACGGT Plus 20 58.97 55.0

Reverse primer b TATGTAGAGGAGCGCGACGA Minus 20 60.53 55.0 7

Forward primer AGTCCAAAGGCAAAGGGCAA Plus 20 60.40 50.0

Reverse primer v TCCCGCAGAGTAGGAGTAGC Minus 20 60.47 60.0 109

Forward primer TTCGTGCGGTTTGATCTCGT Plus 20 60.32 50.0

Reverse primer b8 GAAGAACCAGCTTGGCGTTG Minus 20 60.04 55.0 10

RO R RS YT, 8 A 22 Ak B B
il BA B R KB 08, 9 H RT-PCR 74 Fr Bt
KANGUAAAFF (1 6) o FRE R RT-PCR 45 2Rt —
AAIEH T R cDNA-AFLP i 16 22 5 35 K 4 v fig e

3 itig

3.1 BAEXAMERAZENERERRIE
IR LAY P A S — A R IR AR T

1 2 3 4 5 6 7 8
QF18 ®F18 QF18 ?F18 ?F138 2F138 ?F18 ?F13

TDFs

6 ERRFEEMIFEEE RT-PCR KIE
Fig.6 Expression validation of differentially
expressed genes by RT-PCR
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