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S5R ANALYSIS OF RICE NEAR-ISOGENIC LINES (NILs) FOR
P-DEFICIENCY TOLERANCE
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SUMMARY

Analysis of five near-isogenic lings (W1Ls) differing in tolerance of
phosphorus (P deficiency was conducted vsing simple sequence repeat
(5501 markers,  These NILs were segrepating for a major CFTL on
chromaosome 12, called Pupd, which explaing about B0% ol the phenotypic
wariance fior P-deficiency tolerance, By analveing the araphical genotypes
af the MILs, a relatively small, = 3 M chromosomal segment containing
Prpd was identified,  S5E markers that were linked to the Pued locus
were lested in a sample of accessions in order o determine whether these
markers could be useful for marker-assisted selection.  The [our
polvmomphic markers  identified, clearly  discriminated  between  (he
Foasalath donor parent and the Kasaloth x Mipponbane-decoved MIELs, and
conld be uselul for monitoring Pupd introgression in breeding programs,
Hand sizes varied in other accessions including other potential phospharns
deficiency tolerance donors and clite genctypes, which might suggest tha
markers need to be individually selected for a particular cross.

Fey words: Phosphorus deficieney, near-isogenic lines, graphical genotypes, S5R, marker
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The low level of plant available phosphorus (P in the seil is an important Factor
limiting rice production in many regions of the world, especially in upland areas, This is
because many of these rice soils are characterized by high P-fixing ability, Therefore,
exploiting the existing penetic variation Tor tolerance ol P-deficiency is an imporian
breeding objective (Wissuwa and Ae, 2000a). Genetic analysis of olerance of P-deficicney
has indicated quantitative inheritance (M1 e afl, 1998 Wissowa er af, 1998). Research in
mapping quantitative trait loci (T Ls) associated with P-deliciency tolerance has identified
several regions that were associated with this trait using a Kasalath (tolerant of P-
deficiency) » Mipponbare (sensifive) population (Wissuwa ef of, 1998). A major QTL
designated as Pup! (I uptake) was identified in the proximal region of chromosome 12
(W issowa gf e, [998E, 20023, This QTL offers much promise Tor breeding for enhanced
tolerance of P-deficiency because Pupd was detected with a very high LOD score (10.5-
1.6} and explained - 78% of the phenotypic variance for P uptake, tiller number, and dry
weight, which are traits osed 0 assess P-deficiency tolerance (Wissowa et af., 20016,
2002y Another minor QT on the proximal region of chromosome & was also found o
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sipnilicantly enhance P ouptake (Wissuwa and Ae, 2000b) A transeription factor gene,
CPTEL has recently been cloned from 1his region and was shown o increase tolerance of
Pocleliciency (Y1 el af., 2005},

Further characterization of near-isogenic lines (NILs) derived from the original
mapping population has confirmed the preliminary mapping of these two QTLs {Wissuwa
and Ae 2000h; Wissuwa ef of . 2002, Since previous OQTL maps were constructed with
restriction fragment length polymorphism {(RFLP) markers, the aim of this research was 1o
use simple sequence repeal (S8R or ‘microsatellite’) mackers w further characterize the
MNILs targeting the Pwpd locus on chromosome 12 and also the distal region on
chromosome & with the minor QTL lor P-deliciency tolerance,  Both QT were derived
[rom the Kasalath parent,

MATERIALS AN METHODNS

Flant material and DNA extraciion

Parental lines Kasalath and Nipponbare and five selected MNILs (Nipponbare
background) with well-characterized phenotypes o P-deliciency called NIL C443, MIL 6-3,
MIL f-4, MIL 14-4, and NIL 14-6, were used for S5R analysis of Pupf. A selection of 13
additional accessions, most with known phenolvpes Tor P-deficiency tolerance, was used
for marker validation (Table 1: Wissuwa and Ae, 2000a), DNA was izolated from seedling
leaf tissue using the sodium hydroxide-Tris method (Wang of af,, 1993),

POR and gef efectroplioresis

PCR mixlures contained PCR buller (Promega), 2 mm of MgeCly, 0.2 mm dNTPs,
1 Lol g polymerase (Promega), 0.5 pmoof cach SSR primer, and 2 pl (5 pm) of DNA
template.  SSR primer sequences were oblained from Chen ef af. (1997), MeCouch er al.
{20027, and Temnykh ef af (2000} The total reaction volume was 10 pl. The PCR eyele
consiated of an initial denaturabion step at 94°C for 2 min, ollowed by 35 cveles of 94°C
for 45 5, 33°C for 43 5, and 72°C for 1 min, and a final extension step of 72°C for 3 min.
PCR products were resolved using polvacrylamide gels: 6% gels were run foe 1 he 30 min,
whereas 8% pels were run for 2 hre 13 min at 100 V., Gels were stained with ethidium
bramide and visualized under LY light.

Dty ameelpsin

SSE marker positions flanking the Pupd QTL on chromosame 12 and the minor
OTL on chromesome 6 were determined from the TRMD 2003 genctic map and the rice
physical map using the Gramene Web site (www . gramene.org), S5R marker alleles were
seored and used o produce “graphical genolyvpes’ of the NILs using the sofbware program
GOT (Yan Berloo, 1999). BLAST scarches woere used to determine the positions ol tightly-
linked RFLP markers with Pupd Trom Wissuwa e af (20023 on the physical map and o
correlate marker positions in relation to the S5E map.

RESULTS

Aootal of 41 851 primers, inclueding 28 from chromoesome 12 and 13 from
chromosome 6, were lested Tor polyvmorphisim using DA samples from Kasalath and
Nipponbare., Sixteen primers from chromoseme 12 and L] primers from chromoseme &



Table 1. Analvsis of a representative set of accessions with tightly linked SSR markers
for Pupl. Allele sizes (base pairs) were estimated from polyacrylamide gels.
Kasalath alleles are indicated in bold.

SSR marker
Physical map (M)
IRMI 2003 map (M) o
Line or Phenotype’ RM25102 RMI1261  RM277 RMS519
accession 16.0 17.6 18.2 20.0
- - 61.6 57.2 62.6

Kasalath T 174 198 128 163
Nipponbare 5 180 200 123 148
NIL C443 T 174 198 128 163
NIL 6-3 5 180 200 123 148
NIL 6-4 1 174 198 128 163
MIL 14-4 T 174 198 128 163
NIL 14-6 5 180 200 123 148
R4 I 171 202 128 161
[R71525 u 171 200 128 161
[R74371 ] 171 200 128 163
1AC25 T 171 192 123 148
[AC4T T 178 192 123 148
Dular T 180 250 123 149
Jalmagna T 178 200 123 148
[R66 [ 171 2035 128 il
[R72 l 190 220 133 157
Lemont s md” 210 123 148
YS27 l md® 2035 123 148
Wayv Rarem L8] 171 205 127 14l
[R36 l 194 204 133 157

' Phenotypes were classified from Wissmawa and Ae (2001) based on P uptake from a P-deficient soil or from field
observations based on unpublished data of M. Wissowa: T = telerant, [ = [neemediate; 5 = Sensitive, U =
unkrnown

md = missing data PCR using DA from these accessions was unsuccessful ufter four repetitions (even afler
fresh DA extractions), which sugprests that PCR condiions need fo be specifically optimizzd for these
templates or null alleles ure present.

produced clear polymorphisms and these primers were used to genotype the NILs,
Analysis of the graphical genotvpes indicated that several recombination events had
occurrad on chromosome 12 (Figure 1), The rice physical map was used to determine the
correct order of the S5R markers, When compared to the IRMI 2003 genetic map. the
order was almost identical with the exception of the position of marker RM277.
Comparison of both maps clearly indicated the differences between the physical and
genetic distances. For the NILs that were tolerant of P-deficiency. the sizes of the Kasalath
donor segment ranged from approximately 30 1o 65 cm when genetic distances were used.
By deduction from the phenotypic data and genotypes of the NILs, the interval in which
Pup !l was located was delineated Lo approximately 14 10 20 Mb (or 37 o 62 ¢M based on
the IRMI 2003 genetic map). This is consistent with the physical map position of two
tightly linked RFLP markers from Wissuwa ef gl (2002} 514025 (13 Mb) and 513752
(13.8 Mb).
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Analysis of the graphical genolypes for chromosome & indicated that, for all of the
NILs used in this study, this region was inherited rom the Nipponbare recurrent parent
(data not shown), This indicated that it was extremely unlikely that any OTLs on
chromesome & were contributing 1o the phenotype, and s consistent with the Tact thag
background markers were used 1o select against Kasalath during the development of MIL
C443 (Wissuwa and Ae, 20004, 20016). Based on the analysis of the graphical genoty pes,
four markers were identified as being tightly linked o Pagpd and these markers were used to
penolype the 13 selected accessions (Figure 23, The S5R allele sizes are indivated in Talde
1.
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Figure 1. Graphical genotypes ol chromosome 12 for P-deficiency-tolerant and -sensitive
MILs based on the S5R positions located on the rice physical map. The deduced
region for Pup ! is indicated on both maps with arcows. The TRMI 2003 genctic
map is shown for comparison. Two markers (RMOS9E and 281020 were nol
mapped in the IRMIL 2003 population, 1= NIL C443, 2= NIL 6-3, 3= NIL 6-4,
A= WIL 14-4, 5= NIL 14-6.
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Figure 1.

Polvacrylamide gel photos of Pupl SSR markers screened on a set of
accessions, a) marker RM28102, b) RMI1261, ¢) RM277, and d) RM319. For
marker allele size estimations, Kasalath was run twice {marked with K"}
Lanes: 1- Kasalath; 2- Nipponbare; 3- NIL C443; 4- NIL 6-3; 5- NIL 6-4; 6-
MNIL 14-4; 7- NIL 14-6; 8- [R64; 9- IRT1525; 10- IRT74371; 11- TAC25; 12-
IAC4T: 13- Dular; 14- Jalmagna; 15- IR66; 16- IR72; 17- VL701:; 18-
Lemont: 19- Way rarem; 20- Kasalath; and 21- IR36. Molecular weight
markers are indicated with armows.

Lad
LN



DISCUSSION

Mear-isogenic lines (NILs) are extremely useful for the further characterization of
asingle Q1L becanse the effects of genetic background are eliminated. Since the phenotype
for these selected NILs had been previously determined, it was possible w identify the
chromosomal region associated with P-deficiency tolerance that contained Pup!, Four 35K
markers (RM2E102, RMI1261, RM27T, and RM31® indicated that the Kasalath alleles
were present in all of the wlerant NILs, whereas the sensitive NILs had the Nipponbare
alleles at these marker loci.

Since the most tightly linked S5R markers flanking Pup! were located within a
relatively narrow region (5 cm o 10 em), these markers could have potential for marker-
assisted selection of breeding lines in populations segrepating for Pupf. In order to test the
level of pelvmorphism of these four SSR markers, a representlative set of accessions {most
ol which had known phenotypes to P-deficiency) was tested, The results indicated that the
kasalath S5R marker haplotype was unique. From a breeding perspective, the data suggest
that the four S5Rs could be useful for monitoring the introgression of Pupl in breeding
material. However, with some primerfaccession combinations, the lack of polymorphism
would prevent the use of these markers o assist selection, since some accessions possessad
the same size of SSR marker allele as Kasalath. For example, the Kasalath marker allele Tor
RM277 was identical in size to the S5R allele for [R64, [RTI525, [RT4371, and [Ro66,
which would prevent the use of these markers for selection in segregating populations
derived from these parents, This has been referred o as “allelic homoplasy™ (Grimaldi and
Crouau-Roy, 1997 Havden ef al, 2004), The marker RM319 appears to be potentially
useful with the exception of populations derived from Kasalath x IRTA4371, which

SSR analysis of the NILs also enabled the size of the donor chromasome segment
from Kasalath to be monitored. The approximate size range of 30 to 65 oM is consistent
with theoretical and experimental results that large donor chromesome sepments remain
even alter several penerations of backcrossing (Young and Tanksley, 1989). Young and
Tanksley {1989 detected donor introegressions from 4 w0 31 cM in a sample of tmato
backcross populations even alter numerous backeross generations (=20). These results
clearly demonstrate the extent of linkage drag that usually occurs during backerossing,
This could be a potential problem for transferring Pup! into adapled varieties because
Kasalath is a landrace and possesses many undesirable agronomic characteristics. However,
linkage drag can be reduced by using DMNA markers to select for the target locus and tightly
linked Nanking markers {*recombinant selection’; Collard and Mackill, 2006} in order to
identify lines in which a recombination event has occurred between the target loeus and
Manking SSR markers {Chen ef of., 2000 Frisch ef af,, 1999; Young and Tanksley, 1989).

[n conclusion, the S8R markers identified in the Pup S region in this study could he
wselul Tor the introgression of P-deficiency tolerance from Kasalath into specific genctic
backgrounds, and some of the less tightly-linked markers could be useful for recombinant
selection, in order to minimize linkage drag,
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