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Resul ts

Fine Genet ic Ma pping.  Interval  mapp ing  showed that Sh1  co-
seg reg ated w ith one  marker SOG 0128,  and  loca ted bet ween
marke r SO G0251  and  SOG 1273,  in  a g enet ic inte rval of 0.42 cM.
Two recomb inant s occu rred  be twe en SO G0251  and  Sh1 , giv ing  an
estima ted  genet ic distanc e of 0.28  cM, and one recomb inant was
observed  bet ween Sh1  and  SO G1273 , yield ing  a gen etic di stance
of 0.14 cM (Fi g. 1) .

Physica l Ma pp ing.  Thirteen BACs that hyb ri diz ed marke rs in the
reg ion  formed one  con tig  (F ig . 2).  One B AC, 39E21 , spann ed a
large p ar t of  the  con tig w ith  SO G0251  at one end , and th e Sh1  co -
seg reg ating ma rker  SOG0128  nea r the  middle .

Sequencing of 39E21.   Sequen cing  revea led  the BAC to be  220  kb
in  size .  T able 1  sho ws the  BL AS TP sco res of some  of the
translated gen es p redi cted to be  present on  the BAC.   Many  of the
high est hi ts  are to  gen es found on  retrot ransposons  and  simi lar
rep etitive el emen ts, as well a s hypo thet ica l gen es found in the  ri ce
and  Arabidop sis genome s.  Ho wever , some candid ate gene s appea r
to  code for protein s homologou s to kno wn protein families.

Discussion and Future Aims

On the basis of genetic/physical mapping, we determined that
there was a high likelihood that the Sh1 gene resided on a
single large BAC, 39E21 (Fig. 2).  Sequencing of the BAC
revealed several putative genes (Table 1), including some
homologous to members of families involved in developmental
regulation, like the Argonaute/Zwille family (Lynn, et al.
Development 126: 469-481).  However, at this point we cannot
be 100% certain that the Sh1 locus resides on this BAC.  While
the "left" end of the contig is delineated by S OG0251, the
"right-most" BAC end (subclone MGW20-H09) co-segregates
with shattering (Figs. 1 & 2).  We were unable to extend the
BAC contig at satisfactory stringency to include BACs
hybridizing marker SOG1273.  Therefore, we are currently
focusing on closing the contig by searching for polymorphic
markers on the "right-most" BAC in the contig, 07C13 (Fig.
2).  Once the contig is closed and fully sequenced, we intend to
transform mutant S. bicolor (recessive non-shattering
genotype) with the most promising candidate genes in an
attempt to complement the non-shattering phenotype.

Table 1.  List of genes predicted to be present on BAC 39E21.  BLASTP scores of the predicted
amino acid sequence are listed in descending  order.  *Present in two or more copies on the BAC

ID Best Hit Organism BLASTP score
 (E-value)

Genscan31_2 DnaJ protein homolog ZMDJ1 Maize 0
Genemark31_4 Beta-glucosidase Arabidopsis 0
Genscan28_1 Putative polyprotein* Rice 0
Genscan31_5 Putative reverse transcriptase* Rice 0
Genemark28_21 GAG-POL precursor* Rice 0
Genemark28_15 Polyprotein* Sorghum 1.00e-179
Genemark28_16 Sulfate transporter ST1 Maize 1.00e-137
Genscan33_1 RNA polymerase II Beta subunit Tomato 1.00e-132
Genscan33_2 T27G7.10 (probable phosphoprotein phosphatase) Arabidopsis 1.00e-113
Genemark30_2 Unknown protein Arabidopsis 1.00e-112
Genemark28_23 22 kDa kafirin cluster; Ty3-Gypsy retroelement Rice 1.00e-109
Genemark30_6 Argonaute-like protein Arabidopsis 1.00e-100
Genemark28_17 Retrotransposon TNP2 Rice 8.00e-95
Genemark28_10 Hypothetical protein F4F15.170 Arabidopsis 2.00e-71
Genscan28_6 Hypothetical protein F26G5.100 Arabidopsis 8.00e-63
Genemark33_3 Hypothetical protein Rice 9.00e-53
Genemark28_4 Hypothetical protein Rice 2.00e-51
-many other hypothetical proteins- Arabidopsis/Rice 2.00e-51 and lower
Genemark30_4 Methyl-binding domain protein Maize 8.00e-43
Genemark28_6 Transcription factor Vitis 5.00e-18
Genscan31_3 Uclacyanin I Arabidopsis 5.00e-16
Genscan31_1 Similar to SF16 protein Arabidopsis 7.00e-14
Genemark31_3 Putative zinc finger protein Rice 6.00e-10
Genscan31_6 Similar to RING-H2 finger Arabidobsis 7.00e-09

Abstract

Seed disp er sal vi a di sart icula tion of the
in flo re scence,  or "sh atter ing" , is a n im po rtan t
agronomi c tra it co nt rib utin g to sig nifi ca nt yield
loss in m any com m on cerea l cro ps .  The sha tter ing
gene of s or ghu m , Sh 1, has p rev iou sly b ee n
m app ed to a sin gle genet ic l oc us on s or gh um
link age g roup C (Pater son, et  al., Science
269:1714-1718).  Fi ne re solu tion m appin g of  370
F 2 indi vidu als, includin g progeny testin g, sho we d
tha t on e RF LP m arker  co -segre gated with th e
sh at ter ing p heno type.  Th e locus is flank ed by  tw o
rec ombi nation events on on e sid e and on e on the
oth er sid e that delin eate s it from a djac ent
m arkers .  A 6-genom e-equ ivale nt S .  pro pin q uum
BAC lib ra ry w as  fin gerpr in ted a nd u sed to
construct a ph ysical m ap o f th e shatter in g reg ion .
Two of the c lo sel y link ed m arkers were  pres en t o n
a singl e 220k b BAC .  T his B AC ha s b een
com pletely sequenced, re vea ling s om e c andi date
genes that are  und er in vestigation.

In troduction

"Shattering", or seed dispersal via disar ticulation of the
matu re inf lor escence, in w ild grass species (fami ly: Poacea e) is
an im po rt an t m echanism  for  p lant pro pagation.  How ever , in
crop s shattering ca uses gra in lo ss du ri ng eith er m anual or
aut omated harve sting.  R epression o f th e shattering habit was
likely a  key event  in th e domestication of t he w orl d's m ajor
cerea l crop s on severa l co nt inents .  QTL  stu dies have  suggested
th at th e cont rol  of the shattering tra it  rang e fro m s imp le to
comp lex in re lated gra sses.  Sorg hu m  appears to a  favora ble
cand idate for inv esti gating th e genetic basis for  shattering,
since one locus (Sh1 ) exp lains  vi rt ua lly all o f the phenotypic
var iance in a  cro ss betw een wild a nd domesticated sorgh um
(Pa terson, et al ., Science 269 :1714 -1718 ).   In cont ra st a t lea st
ten and  six  QTL s affect shattering in m aiz e and rice,
respect ive ly (Pa terson , et al ., Science 269 :1714 -1718 ; Kinoshita
& Taka hashi, J. Fa c. Agri c. Ho kka ido Univ. 65 :1-61).  This
wor k focused init ial ly on th e fine map ping of shatteri ng with
RFLP  pro bes, and chromoso me  walking to th e Sh1  loc us  in
Sorg hu m propi nqu um .  Bas ed on th e combined physical/g enet ic
map, there wa s a high likelihoo d t ha t the locus wa s present  on
a sing le large BA C.   Th is B AC wa s sequenced an d a list of
genes predicted t o be present  on th e BAC is present ed here.

Materials and methods

High re solution genetic mapping.  For fine  mapp ing of the
chromosome segment associa ted w ith  Sh1,  subs titu tion mapp ing
was used (Paterson et al ., G enet ics 124:  735 -742 ).  DNA markers
that mapped di rectly , o r inferr ed by  comp arative data to loc ate
close to Sh1 were applied to a pane l of recomb inant s in the region ,
and they de fined most recombin ation even ts in  the  vicini ty of
shat tering  in  a mapping popula tion o f 370  F2 indiv idual s (S.
bicolor x S. propinquum).  DNA extraction, restriction en zyme
dig estion, blo tting , probing, hyb ridi zation and  autoradiog raphy
were al l done by  standa rd methodology.

Physical mapping.  A S. propinquum BAC lib rary with  an average
insert size o f 126 kb , which provid ed 6.6x cov erage  of the
sorghum  genome , was screened  with  DNA m arkers closely  link ed
to Sh1.  BACs were gridd ed using  a Q-BOT robot (Gene tix ) and
hyb rid ized follo wing  stand ard t echniqu es.  BACs that hyb ridiz ed
markers in  the region were finge rprinted  vi a HinDIII  dig estion , and
used to cons truct  a phys ical con tig around Sh1 with  the  FPC
program (C. Sode rlund , Cambridg e, UK).

BAC sequencing.  BAC 39 E21 DNA was isola ted using  the
QIAGEN Large Con struct  Kit, sheared with sonic ation , end-
repaired and subclon ed (avg . size 1.5 kb) into pPCR-Script
(Stratagen e) all follo wing  standa rd technique s.  Subclon es were
sequen ced using  a 96-capill ary ABI 3700  DNA sequen cer.
Sequen ce analy sis and assembly  was performed  using
PHRED/PHRAP/CONSED software (P. Green,  Univ.  of
Washington ).  Gene prediction was by  the GeneMark (M.
Borodov sky,  Georgia  Tech) and Genscan (C. Burge, MIT) web
servers.
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FIG. 2. Integrated genetic and physical map in Lg C-shattering (Sh1) gene region of Sorghum. BACs in the 
region were aligned on the basis of fingerprint and hybridization data.  Orange color indicates sequenced BAC.
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FIG. 1.  Fine-scale genetic mapping of Sh1.  Markers in the Sh1 region were 
applied to a panel of recombinants in the target area and defined the 
critical recombination events surrounding Sh1 in a mapping population of 
370 F2 individuals (740 informative gametes).  The six columns of data are 
marker genotypes for the six individual plants known a priori to be 
recombinant in the region.  Genotypes are 1=S. bicolor homozygote, 
2=heterozygote.  No recombinants in the region were S. propinquum
homozygotes (genotype=3).


