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Abstract; The agronomic characters and SRAP genetic diversity of 21 introduced male sterile lines of brown
midrib forage sorghum (Sorghum bicolor) were investigated. The results showed that the stem diameter and
leaf width were largest in BMP17, being 29. 97 mm and 9. 88 c¢m, respectively. The stenrleaf ratio in BMP20
was significantly higher than that in the other germplasms (P<C0.05). A total of 74 bands were generated, of
which 64 (86.5%) were polymorphic. The average value of polymorphic information content was 0. 49. The
genetic similarities among the 21 accessions ranged from 0. 086 to 0. 977. The dendrogram indicated that the 21
sorghum collections were grouped into three clusters at a genetic distance of 0. 488. The genetic basis was nar-
row for the 21 sterile lines of Sorghum.
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Table 1 Experimental materials of 21 sorghum germplasm and their pedigrees

Code  Material Pedigree Code Material Pedigree
[ (Wheatland Derivative * bmr 6)
(OK 11 * BMR 2)
1 BMP446  BC2-19-7-1-1-1) * ((OK 11 % bmr 12 BMP12
BC3-1-3-2-2
12)BC2-7-1-3-1-2]-5-2-1-2
[(OK 11 * bmr 17)BC2-2-1-1-1-1) * ((OK (Wheatland Derviative *
2 BMP447 13 BMP14
11 % bmr 12)BC2-4-1-1-1-1}-1-2-1-1 BMR 6)BC2-19-7-1-1-1
[(OK 11 % bmr 17)BC2-2-1-1-1-1) * ((OK (Wheatland Derivative %
3 BMP448 14 BMP15
11% bmr 12)BC2-4-1-1-1-1]-1-2-2-1 BMR 6)BC3-20-2-1-2-2
[(OK 11 % bmr 17)BC2-2-1-1-1-1) * ((OK (OK 11 % BMR 17)
4 BMP449 15 BMP16
11 % bmr 12)BC2-4-1-1-1-1]-20-1-1-1 BC2-2-1-1-1-1
[(OK 11 % bmr 17)BC2-2-1-1-1-1) % ((OK (OK 11% BMR 17)
5 BMP450 16 BMP17
11 % bmr 12) BC2-4-1-1-1-1]-20-1-2-1 BC2-22-1-2-1-1
[(OK 11 * bmr 17)BC2-2-1-1-1-1) * ((OK (OK 11 % BMR 12)
6 BMP451 17 BMP19
11% bmr 12)BC2-4-1-1-1-1]-20-1-3-1 BC2-7-1-3-1-2
[(OK 11 * bmr 17)BC2-2-1-1-1-1) * ((OK (B-YellowPI* BMR 12)
7 BMP452 18 BMP20
11 % bmr 12)BC2-4-1-1-1-1]-20-1-4-1 BC2-10-2-2-2-2
[(B-YellowPI%* bmr 18)BC2-11-2-2-2-1) * ((OK (B-YellowPI* BMR 18)
8 BMP453 19 BMP21 )
11 % bmr 17)BC2-2-1-1-1-1]-6-3-3-1 BC2-11-2-2-2-1
[[(OK 11 * bmr 17)BC2-2-1-1-1-1) * ((OK
11 % bmr 12)BC2-4-1-1-1-1) ] % [ (OK 11 % bmr
9 BMP454 20 Tift98bmrB1 ATx623
2)BC3-1-3-2-2) * ((Wheatland Deribcativ * bmr
6)BC2-19-7-1-1-1) | -7-1-1-1
(OK 11 % BMR12)
10 BMP455  ((Wheatland * bmr 6) % KS 9)-7-1-2-1 21 BMP18
BC2-4-1-1-1-1
11 BMP456  ((Wheatland * bmr 6) * KS 9)-7-1-2-2
2 SRAP
Table 2 Primer sequences of SRAP
(5'—=3" (5'=3"
Primer Forward primer sequence(5' —3") Primer Reverse primer sequence(5 —3")
mel TGAGTCCAAACCGGATA eml GACTGCGTACGAATTAAT
me2 TGAGTCCAAACCGGAGC em2 GACTGCGTACGAATTTGC
me3 TGAGTCCAAACCGGAAT em3 GACTGCGTACGAATTGAC
med TGAGTCCAAACCGGACC em4 GACTGCGTACGAATTTGA
meb TGAGTCCAAACCGGAAG emb GACTGCGTACGAATTAAC
me6 TGAGTCCAAACCGGTAA em6 GACTGCGTACGAATTGCA
me7 TGAGTCCAAACCGGTCC em?7 GACTGCGTACGAATTCAA
meS8 TGAGTCCAAACCGGTGC em8 GACTGCGTACGAATTCTG
me9 TGAGTCCAAACCGGTAG em9 GACTGCGTACGAATTCGA
mel0 TGAGTCCAAACCGGTTG em10 GACTGCGTACGAATTCAG
mell TGAGTCCAAACCGGTGT
mel2 TGAGTCCAAACCGGTCA
mel3 TGAGTCCAAACCGGATT
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Fig. 1 Agronomic character clusters of the 21 sorghum germplasms

3 21

Table 3 Agronomic characters of the 21 sorghum germplasms

Material Plant height/cm Diameter of stem/mm Width of leaf/cm Stemrleaf ratio
BMP446 94.25+9. 95ef 20. 2143, 62def 8.60+1.51abc 2.9640.99¢c
BMP447 101. 506, 76cdef 20.22741. 96cde 9.33+0.96ab 4,3240.51b
BMP448 138. 75+32. 29a 18.0243. 71def 9.28+1. 40ab 4. 44+1.98bc
BMP449 107.5049. 68bcdef 17.5141. 61def 8.45740. 33abc 3.457+0.65¢
BMP450 88.00+E38. 761 22.03=%1. 76cde 9.38+1.41ab 3.04+0. 24c
BMP451 96. 50+ 3. 32defl 18.70+2. 03def 9.60+0. 48ab 2.5540. 28¢
BMP452 103.50+12. 71bcdef 15.17+3. 64¢g 7.90+0. 45¢d 2.7740. 46¢
BMP453 89.25+2.63f 25.954+3. 43ab 6.63+0.75d 4.58=+0. 77bc
BMP454 97.00+4. 24cdef 23.77%+1. 44bc 9.45+0.41ab 2.4040. 38c
BMP455 109. 25+4. 43bede 19.10£0. 93def 8.50=£0. 38bc 2.63=£0. 34c
BMP456 114.25+17.75b 19. 804 1. 23def 9.08+0. 78ab 3.36E1.12¢
BMP12 96.50+6. 03def 19.5040. 91def 8.43740. 39bc 2.5840. 35¢
BMP14 93.75+2. 06ef 23.16+3.57cde 8.68+0.81ab 2.7340.52¢
BMP15 101. 0044, 08bcdef 19.5940. 93def 8.00£0. 82bhc 2.7840. 88c
BMP16 95. 2545, 38def 22.90+2. 31cd 9.00+1. 41abc 4. 3843, 10be
BMP17 106. 75+4. 11bcdefl 29.97+2. 36a 9.884-0.63a 3.294-0. 30c
BMP19 90.00+4, 32f 27.68=+1.76ab 9.00+0. 82ab 3.2140.50¢
BMP20 116. 25+8. 85bc 21.114£0. 87cd 6.33+0.62d 8.69+2.06a
BMP21 108. 25+ 16. 68bcd 23.21+1. 36bc 7.98+0. 78bc 3.8342. 40bc
Tift98bmrB1 123.00+11.37b 17.64+1. 93elg 8.13=£0. 63bc 4.337£0.67be
BMP18 101. 25+8. 30bcdef 16.3041. 90fg 6.38+0.48d 2.88+0.90c

(P<<0.05),

Different lowercase letters indicate significant difference among different experimental materials at the 0. 05 level.
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4 SRAP
Table 4 Amplification results of SRAP primers

Primer combinations Total number Number of Percentage of Polymorphic Marker index
of bands polymorphic bands  polymorphic band/%  information content
mel +em4 5 4 80.0 0.68 2.72
mel +em8 3 1 33.3 0. 64 0. 64
me2+ em3 4 4 100. 0 0.68 2.72
me2+ em9 4 4 100. 0 0.43 1.71
me2+eml0 5 5 100. 0 0.63 3.16
me3+ me3 3 2 66.7 0.62 1.25
me3+ med 4 4 100. 0 0.68 2.71
me6 + em6 3 3 100. 0 0.52 1.57
me6 + em9 6 5 83.3 0. 60 3.61
me7 + em?2 3 2 66. 7 0.18 0.53
me8+ em2 3 3 100. 0 0. 30 0.90
me8+ em3 3 3 100. 0 0.52 1.57
me8+em9 2 2 100. 0 0.10 0. 20
me9 + em8 3 3 100. 0 0.19 0. 56
melO+em9 2 2 100. 0 0.10 0.19
mel0+eml 3 3 100. 0 0.56 1. 69
mel0+em4d 2 2 100. 0 0.58 1.74
melO+em6 4 3 75.0 0. 56 1. 68
mell-+em2 4 3 75.0 0.56 1. 69
mel2-+em3 4 2 50.0 0. 54 1. 09
mel3+em4 4 4 100. 0 0.70 2.78
030 21 (
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> P
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Table 5 Mantel analysis of the agronomic characters and , 29.97 mm 9. 88 cm. BMP20
molecular markers of the 21 sorghum germplasms (P<0.05) 21
Genetic characters r P 74 ’
64 . 86.5% ,
Plant height 0.046 0. 326
. 0. 49,
Diameter of stem 0.033 0. 380 )

Width of leaf 0.014 0,405 0.086~0.977, UPGMA ’
Sterrleal ratio 0.219 0. 107 0.488 3. ,
Agronomic characters 0. 085 0. 240 BMR R

References:

Theurer C B, Huber J T,Delgado-Elorduy A,Wanderley R. Invited review : Summary of steam{laking corn or sorghum grain for
lactating dairy cows. Journal of Dairy Science,1999,82:1950-1959.

. s s , s , s . . ,2016,
33(7):1361-1366.
Lyu X,Ping ] A,Zhang F Y,Du Z H,Li H M, Yang T T.Niu H.Yao L. Effect analysis on the combining ability of main agro-
nomic traits for new breeding restorer lines derived from forage sorghum. Pratacultural Science, 2016,33(7):1361-1366. (in
Chinese)
Bucholtz D L,Cantrell ] R, Axtell P D, Victor L. Lignin biochemistry of normal and brown midrib mutant sorghum. Journal of
Agriculture. 1980,28(6):1239-1241.
Pedersen ] F,Vogel K P,Funnell D L. Impact of reduced lignin on plant fitness. Crop Science,2005,45(3) :812-819.
Casler M D,Pedersen J F,Undersander D J. Forage yield and economic losses associated with the brown-midrib trait in Sudan-
grass. Crop Science,2003,43(3) ;782-789.

http://cykx. lzu. edu. cn



(2]

:21 BMR SRAP 1079

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Umakanth A V,Bhat B V,Blummel M, Aruna C, Seetharama N,Patil J V. Yield and stover quality of brown mid-rib mutations
in different genetic backgrounds of sorghum. Indian Journal of Animal Sciences,2014,84(2):181-185.
2014,22(3) :623-630.
Xu N X,Gu H R,Dong C F,Cheng Y H,Zhang W J,Ding C L. Effects of cutting on the feed quality and agronomic traits of
brown midrib(bmr) forage sorghum varieties. Acta Agrestia Sinica,2014,22(3):623-630. (in Chinese)
s s s s s . . ,2014,22(4) :889-896.
Li Y,You Y L,Zhao H M, Xie N,Zhai L. J,Liu G B. Analysis on the yield,quality and stress resistance of brown midrib forage
sorghum varieties. Acta Agrestia Sinica,2014,22(4):889-896. (in Chinese)
Guragaina Y N, Ganeshc K M, Bansala S, Sathishc R S, Rao N, Vadlani P V. Low-lignin mutant biomass resources: Effect of
compositional changes on ethanol yield. Industrial Crops and Products,2014,61:1-8.
) , s s s s . SRAP RAPD
,2011,19(2) :306-316.
Miao ] A,Zhang X Q,Chen Z H,Zhong J C,Chen S Y,Ma X,Bai S Q. SRAP and RAPD analysis of Elymus nutans Griseb.
germplasm from the Qinghai-Tibetan Plateau and Xinjiang. Acta Agrestia Sinica,2011,19(2) :306-316. (in Chinese)
s ) , ) , s ) ) s . SRAP
,2014,23(1) :205-216.
Gu X Y,Gu Z H,Zhang X Q,Zhou Y H,Bai S Q,Zhang C B,Jiang Z R, Liu X,Zhou C J,Ma X. Genetic diversity of Elymus
sibiricus germplasm resources revealed by SRAP markers. Acta Pratacultural Sinica,2014,23(1):205-216. (in Chinese)
Ahmad R, Potter D,Southwick S M. Genotyping of peach and nectarine ultivars with SSR and SRAP molecular marker. Jour-
nal of American Society for Horticultural Science,2004,129(2):204-210.
) , ) , s .42 SSR . ,2015,
13(9) :1962-1969.
Ni X L.,Zhao G L., Wang X K,Liu T P,Chen G M, Ding G X. The genetic diversity analysis of 42 Glutinous sorghum germ-
plasm resources using SSR makers. Molecular Plant Breeding,2015,13(9) :1962-1969. (in Chinese)
Norris R A. Plant Inventory No. 207. Plant Materials Introduced January 1 to December 31,1998, Nos. 601817 to 606707.
Washington,DC. U. S. Department of Agriculture, Agricultural Research Service,1998.
Li G,Quiros C F. Sequence-related amplified polymorphism(SRAP) ,a new marker system based on a simple PCR reaction: Its
application to mapping and gene tagging in Brassica. Theoretical and Applied Genetics,2001.103(2) :455-461.
) s s ) ) . SRAP . ,2009,18(5):
192-200.
Chen Z H,Miao ] M,Zhong J C.Ma X,Chen S Y.Zhang X Q. Genetic diversity of wild Elymus nutans germplasm detected by
SRAP markers. Acta Agrestia Sinica,2009,18(5) :192-200. (in Chinese)
, s , . (bmr) . ,2012,29(10) :1596-1603.
Han Y H,Wang X G,Hu T M,Xue J G. Agronomic performance and feeding value of brown midrib forage sorghum. Pratacul-
tural Science.2012,29(10):1596-1603. (in Chinese)
s s s s s s s . SRAP . ,2010,
25(2):93-98.
Gao J M,Luo F,Pei Z Y,Chen Q L.,Wei ] Z,Li Z F,Gui Z,Sun S J. SRAP finger printing of 47 elite sweet sorghum germ-
plasm. Acta Agriculture Boreali-Sinica,2010,25(2) :93-98. (in Chinese)
s ) , ) , s , , s . SRAP
,2017,15(9):3553-3559.
LiJ W,Tong DQ,LiO]J,ChenQL,LyuJ P,Duan X F,Luo F,Gao ] M,Sun S J,Pei Z Y. Reserch on SRAP molecular mark-

er of sugar content and iuice yield in sorghum. Molecular Plant Breeding,2017,15(9) :3553-3559. (in Chinese)

http://cykx. lzu. edu. cn



