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Figure 18:  Comparison of 49 cultivars against infestation of Aspergillus ochraceus during
storage

Interesting was the level of infestation of Aspergilius flavus (see Figure 19) compared to that of A.
ochraceus. Aspergillus flavus was also able to colonise all the cultivars, but the levels seemed to
be overall lower than A. ochraceus. In total, 24 cultivars showed infestation below 20%. The most
susceptible cultivars were identified as 18 (DKC 63-20), 23 (SC 821), 27 (Saffier), 38 (DKC 78-15)
and 48 (PAN 6335). As in the case of A. ochraceus, a different pattern was observed than was
experienced in the fungal enumeration according to Subtask 1c. Cultivar 38 was highly infested
with A. flavus. Indications are that A. flavus is capable of deveioping during ideal storage
conditions and, although this fungus is not associated with South African maize, spoilage can
occeur.
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Figure 19:  Comparison of 49 cultivars against infestation of Aspergifius flavus during storage

Eurotium repens was found to be able to invade all test cultivars (see Figure 20). This fungus is
known to compete well with other fungi under storage conditions and have shown to be more of a
concern in wheat. However, these results showed that this fungus is highly capable of developing
and propagating under storage conditions in maize. Resistant cultivars were identified as 8 (PAN
6146), 11 (Goldfinger), 22 (CRN 3505), 32 (LS 8509), 34 (PAN 6611) and 36 (CAP 341-NG) that
showed an infestation of lower than 20%. The more susceptible cultivars were 12 (PAN 6966), 18
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(DKC 63-20), 20 (MRI 514), 30 (PHB 30D05), 33 (CRN 3549) and 45 (SNK 2969). Again this
fungus has not showed a similar pattern than found in Subtask 1¢. From this group, only Cultivar 8
(PAN 6146) showed an infestation lower than 20%, while all the others were more susceptible.
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Figure 20:  Comparison of 49 cultivars against infestation of Eurotium repens during storage

it was evident that Penicillium islandicum is a very aggressive colonizer of maize during storage
(see Figure 21). Within a very short period almost all maize kernels were infested with this fungus.
The lowest infestation was observed in Cultivar 11 (Goldfinger) with a 62% infestation. Most of the
cultivars showed a 100% infestation. It is clear that this fungus is ideally adapted to be dispersed
under storage conditions. Finding resistant maize cuitivars will thus be difficult due to its ability to
rapidly spread through the maize and penetrating through the hull of the kernel. Other cultivars
that showed some resistance were 1 (PAN 6734), 15 (PHB 30H22) and 37 (PAN 6615).
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Figure 21:  Comparison of 49 cultivars against infestation of Peniciflium islandicum during
storage
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It was found that Rhizopus oryzae (Figure 22) colonised all of the maize cultivars except cultivar 35
(SC 407). This is an indication that the ability of this fungus to propagate under storage conditions
is good. Resistance seemed to be highly variable between cultivars. In total, 14 cultivars indicated
a 100% infestation. Cultivars that have shown the best resistance with an infestation of 20% and
lower include 4 (PAN 6844), 5 (SNK 2682), 6 (Syncerus), 8 (PAN 6146), 14 (NS 5914), 20 (MRI
514), 25 (PAN 6479), 30 (PHB 30D05), 34 (PAN 6611), 35 (SC 407) and 46 (PAN 6071). The
pattern here again differs from those experienced in Subtask 1c that was conducted under field
conditions.
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Figure 22:  Comparison of 49 cultivars against infestation of Rhizopus oryzae during storage

To be abie to determine whether there are any tendencies among fieid- and storage fungi to invade
the different cultivars, averages were determined by calculating all levels of infestation for each
cultivar and then divided by the amount of fungi used. In the case of field fungi, the infestation of
Fusarium graminearum, F. verticillioides, Phoma sorghina and Stenocarpella maydis was
calculated together and the average determined. See Table D1 (Appendix D) for details on the
calculations. Alternaria alternata was specifically not used in the calculations because this fungus
has not shown any infestation during the trial and would only distort the true results.

To calculate the averages for the storage fungi, Eurotium repens, Aspergillus ochraceus, A. flavus
and Rhizopus oryzae were used. In this case Penicillium islandicum was not included due to its
overwhelming aggressiveness in the trial. See Table E1 (Appendix E) for the detailed calculations.

For the purpose of discussion, the averages of the field- and storage fungi are expressed in the
form of graphs (see Figures 23 and 24).

Overall field fungi have shown to perform somewhat weaker under storage conditions than those
fungi that are known to be associated with post harvest spoilage (see Figure 23). Most of the field
fungi have shown an average infestation of below 10%, in total 32 of the cultivars. The highest
average infestation was 62% experienced in cultivar 33 (CRN 3549). Results thus obtained in this
study indicated that the more resistant cultivars to withstand infestation of field fungi during storage
are cultivars 2 (DKC 80-10), 8 (PAN 6164), 17 (AFG 4512) and 38 (DKC 78-15 Bt). In contrast, the
more susceptible cultivars were identified as cultivars 12 (PAN 6966), 30 (PHB 30D05), 33 (CRN
3549) and 40 (PAN 8995 Bt).

Storage fungi have shown to be aggressive colonisers of maize during storage (see Figure 24).
Penicillium islandicum was so overwhelming that the results could not be included in calculating
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the averages. The lowest average infestation was observed in Cultivar 4 (PAN 6844) with 14%
infestation. The highest average level was found in Cultivar 33 (CRN 3549) with 90.5% infestation.
The cultivars thus that showed the best resistance to storage fungi included Cultivars 4 (PAN
6844), 8 (PAN 6164) and 34 (PAN 6611). Those that were most susceptible included Cultivars 23
(8C 621), 27 (Saffier), 33 (CRN 3549) and 45 (SNK 2969).
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Figure 23:  Average infestation of 49 maize cultivars by field fungi (F. graminearum,
F.verticilliodes, P. sorghina, S. maydis)
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Figure 24:  Average infestation of 49 maize cultivars by storage fungi (A. ochraceus, A. flavus,
E. repens, R. oryzae)

Based on the results obtained in the resistance trials, Cultivar 8 (PAN 6146) has shown resistance
consistently throughout the resistance trial. This was observed in both cases where it was
exposed to both field- and storage fungi during storage conditions. This cultivar was also identified
earlier in the project in Subtask 1c as a good candidate for resistance. PAN 6146 can thus be
regarded as the most resistant cultivar screened in this study.
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Cuitivar 33 (CRN 3549), on the other hand, was susceptible in both instances when exposed to
field- and storage fungi. This cultivar is thus seen as the most susceptible one in this study.

5. TASK 2: DEVELOPMENT OF MOLECULAR MARKERS LINKED TO RESISTANCE FOR
MARKER ASSISTED SELECTION

5.1 Materials and methods

5.1.1 Plant material and DNA extraction

The maize culitivars that were used and their respective resistance are shown in Table 8. Genomic

DNA was extracted from young leaves as described by Murray and Thompson (1980) and
quantified using visual comparison to molecular mass standards on agarose gels.

Table 8: A summary of information for the maize cultivars screened in this study

Number Code Input GM | Number Code Input GM
1 PAN 6734 CONV NO 26 SNK2551 CONV NO
2 DKC 80-10V . CONV NO 27 Saffier CONV NO
3 PHB 3442 CONV NO 28 PAN 6043 CONV__ | NO
4 PAN 6844 CONV NO 2 SC 405 CONV NO
5 . SNK 2682 CONV NEOWZ30 PHBE 30d05 CONV NO
6 Synercus CONV NO 31 PAN 6633 CONV NO
[ LS 8504 CONV NO 32 LS 8509 CONV NO
8 PAN 6146 CONV NO 33 | CRN3549 CONV NO
9 DKC 80-12Y | Bt derivative | YES 34 PAN 6611 CONV NO
10 AFG 4410 CONV NO 35 SC 407 CONV NO
11 Goldfinger ___CONV NO 36 CAP 341-NG CONV NO
12 PAN 6966 CONV NO 37 PAN 6615 CONV NO

] Bt .

13 DKC 66-22 CONV NO 38 DKC 78-15 derative YES
14 NS 5914 CONV NO 39 Caracal CONV NO
15 PHB 30H22 CONV NO v 40 PAN 6995 Bt CONV YES
16 SNK 2472 CONV NO 41 LS 8507 CONV NO
17 AFG 4512 CONV NO 42 PAN 6927 CONV NO
18 DKC 63-20 CONV NO 43 Panthera CONV NO
19 CRN 3760 CONV NO 44 PAN 6537 CONV NO
20 MRI 514 CONV NO 45 SNK 2968 CONV NO
21 PAN 6053 CONV NO 48 PAN 6071 CONV NO
22 CRN 3505 CONV NO 47 ZM 521 CONV NO
23 SC 621 CONV NO 48 PAN 6335 CONV NO
24 MRI 624 CONV NO 49 PHB 30N35 CONV NO
25 PAN 6479 CONV t NO

The cultivars that showed resistance/susceptibility to field fungi are:

Resistant cultivars after partial screen = 2, 5 25, 38 and 40
Resistant cultivars after complete screen v = 2, 8, 17 and 38
Susceptible cultivars after partial screen = 11 and 18
Susceptible after complete screen ¥ = 12, 30, 33 and 40
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The cultivars that showed resistance/susceptibility to storage fungi are:
= Resistant cultivars after complete screen =4, 8 and 34
= Susceptible after complete screen ¥ = 23, 27, 33and 45

5.1.2 Fungal species evaluated

The eight mycotoxigenic fungi evaluated in this study are shown in Table 9.

Table 9: Field and storage fungi used to infect maize kernels
Field fungi Storage fungi
Fusarium verticiffioides Eurotium repens
Fusarium graminearum Aspergillus flavus
Phoma sorghina Aspergillus ochraceus
Stenocarpella maydis Rhizopus oryzae

5.1.3 AFLP analysis

AFLP analysis was performed on each of the 49 maize cultivars, as well as bulks representing
susceptible and resistant cultivars respectively. For bulk segregant analysis (BSA), two bulk
genome representations were constructed by mixing equal amounts (~50 ng each) of genomic
DNA of the four susceptible and four resistant cultivars to field fungi, and four susceptible and three
resistant cultivars to storage fungi, respectively. AFLP template preparation was performed by
digesting maize DNA with Mse? and EcoR1 enzymes. Subsequently, enzyme specific adaptors
were ligated and the DNA fragments were preamplified. The preselective amplification profile was
as follows: incubation for 10 s, followed by 30 cycles of denaturation for 10 s at 94°C, primer
annealing for 30 s at 56°C, and extension for 1 min at 72°C with a 1 s per cycie increasing
extension time. Selective amplification was performed on 1:20 diluted (in PCR-grade water)
preselective amplification product with the following cycle profile: 13 cycles of 2 min at 94°C, primer
annealing for 30 s at 65°C (reduced by 0.7°C per cycle), and extension for 1 min at 72°C; this was
followed by a second round of 20 cycles of 10 s at 94°C, 30 s at 56°C, and 1 min (extended 1 s per
cycle) at 72°C. The programme ended with a hold of 1 min at 72°C. In all reactions only the EcoR1
primers were 5’labelled with infrared dyes (IRDye 700, LI-COR). Six primer combinations with a
large number of clearly scorable fragments were selected to analyze the full set of 40 maize
cultivars.

After amplification, an equal volume (5 pl) of loading solution (LI-COR) was added to each
selective amplification reaction. Samples were denatured at 95°C for 3 min and placed on ice for
10 min before loading. A volume of 0.8 ul was loaded with an 8-channel syringe onto 25-cm 8%
Long Ranger Gels. Electrophoresis and detection of AFLP fragments were performed on LI-COR
IR? (model 4200S). Gel images obtained, were scored using a binary scoring system that
recorded the absence and presence of bands as 1 and 0, respectively. Semi-automated scoring
was performed with the AFLP QuantarPro programme. Band intensities were automatically lane-to-
lane normalized by the software based on the total intensity to correct for loading inconsistencies
and other technical artefacts.

5.1.4 S8R analysis
A total of 40 SSR primers were available for this study. Primers were chosen based on their

information content and chromosome  locations and can be obtained at
http:/iwww.agron.missouri.edu/ssr_probes/ssr.htm. These 40 SSR primers were also used for
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BSA as described above. A final set of 27 SSR primers were used for the screening of the
individual maize cultivars. These 27 primers gave consistent and easily scorable bands across the
13 selected maize cultivars.

Amplification of DNA was performed in 25 pl reactions consisting of 50 ng DNA template, 0.4mM
dNTPs, 0.4 pM SSR primers (forward and reverse), 0.2 mM MgCl, 0.5 U Taq polymerase and 1 X
reaction buffer. The following conditions were used for PCR amplification: an initial denaturation at
94°C for 5 min, followed by 10 cycles of 30 s at 94°C, primer annealing for 45 s at 65°C (reduced
by 1.0°C per cycle), and extension for 1 min at 72°C; this was followed by a second round of 25
cycles of 1 min at 94°C, 1 min at 55°C, and 1 min (extended 1 s per cycle) at 72°C, and a final
extension of 5 min at 72°C. Amplification products were resolved on 2% agarose gels.

For BSA, SSR fragments were identified that differentiated the two DNA bulks derived from the
tolerant and susceptible maize cultivars. Markers that differed significantly between the two bulks
were then evaluated in each of the maize cultivars constituting the bulks. Gel electrophoresis was
used for identification of polymorphisms among the cultivars. Each polymorphic SSR marker was
scored for the presence or absence of the fragment in each genome representation. The observed
segregation ratios in the cultivars were then used to select a subset of markers with significant
signal intensity differences between the two bulks. Fragments that were putatively associated with
tolerance were sequenced and subjected to similarity searches (BLAST to nr nucleotide database
in NCBI) to reveal the possible identity of each tolerance marker.

5.1.5 Statistical analysis

The presence and absence of polymorphisms were used to determine the average genetic
distances. Dissimilarity matrices were constructed from the binary data with Nei and Li (1979)
similarity coefficients. From these matrices of dissimilarity coefficients, mean genetic distances
and distribution of dissimilarity values were calculated. Dissimilarity coefficient can be defined as d
=1 - s, where d is the distance and s is the similarity between samples. The closer the ID is to 1
{or 100 if percentages are used instead of fractions), the more dissimilar the distribution is to the
line of perfect equality. Dissimilarity coefficiente were then used tc generate & dendrogram
representing the genetic distances among the maize cultivars. All the data analyses were
performed using the software package DNAMan.

5.2 Results
5.2.1 AFLP analysis
Preliminary AFLP analysis of the generated image indicated that there is too much variation

between the maize cultivars (looking at the presence or absence of fragments, Figure 25) which
made it very difficult to identify polymorphisms.
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Figure 25:  AFLP image of maize cultivars using six different primer combinations

A total of 480 bands were generated using 6 AFLP primer combinations of which 427 were
polymorphic. Therefore, single sequence repeat (SSR) analysis was chosen as an alternative
method to screen the maize cultivars. SSR marker technology has also the advantage over AFLP
technology in that the marker polymorphisms are screened on agarose gel systems, which is less
costly and more widely available.

5.2.2 SSR analysis

The analysis of SSRs revealed highly significant differences among maize cultivars (Figure 26). A
total number of 102 alleles were detected for 27 SSR loci. Out of 27 SSR loci 22 were
polymorphic, and the mean number of alleles per SSR locus was 3.2. Some maize cultivars only
showed about 48% homology and this has serious implications on what the polvmorphic fragments
that have been detected are linked to. The linkage to fungal resistance needs to be verified by
growing the resistant plants in the field/pots, infecting them with the fungi, then take samples for
DNA extraction and PCR amplification to see if the fragments are amplified again.

Primer 17 Frimer 27

Figure 26:  Electrophoresis pattern of SSRs

For the preliminary screen, a total of nine fragments were sequenced (Table 10), and for the full
screen seven fragments were sent for sequencing. The sequenced fragments, that were putatively
associated with tolerance, were subjected to similarity searches (BLAST to nucleotide database in
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NCBI) so that the possible identity of each tolerance marker could be revealed in case there was
any correlation with a previously identified fungal resistant marker that could exist in the database.
The results of a blast search are judged by the Expect value (E-Value). The E-Value estimates the
statistical significance of the match, specifying the number of matches, with a given score, that are
expected in a search of a database of this size absolutely by chance. When the Expect value is
increased from the default value of 10, a larger list with more low-scoring hits can be reported (i.e.
the lower the E-value, the better the chance of having a significant sequence).

Similarity searches based on the sequenced SSR fragments revealed that no fragment could be
associated with resistance/ susceptibility. Four sequenced fragments showed high homology to
sequences in the database, and three fragments showed weak similarity (E-values ranging from
0.23 to 3.7) to DNA sequences in the non-redundant nucleotide database of NCBI.

Table 10: Putative identities of nine fragments of preliminary screen sent for sequencing
Seq::nce Sequence homology E-Value
1 Zea mays T cytoplasm male sterility restorer factor 2 2E-14
2 Methylguanine-DNA methyltransferase (MGMT) 0.23
3 Putative TPase-activating protein (Oryza sativa) 4E-09
2 Takifugu rubripes synapsin 2A and tissue inhibitor of 0.73
metalloproteinases )
5 Pan troglodytes similar to Titin BE-53
6 Transport system permease protein 3.7
7 Zea mays mRNA sequence 3E-75
8 No similarities found -
9 No similarities found -

5.2.3 Statistical analysis

A total of 102 polymorphic fragments were identified and were used for cluster analysis. On the
basis of consistent binary data, the pair-wise distances were estimated. Between-individual
distances were based on the mean character differences in the binary scores. As it is evident from
the pair-wise distances, relatively high polymorphisms were characteristic of the maize cultivars.
The coefficient of similarity (average differences) between cultivars varied from 0.121 to 0.424.

Cluster analysis of the pairwise distance matrix generated a dendrogram representing the
relationships of the maize cultivars (Figure 27). The dendrogram generated based on the SSR
markers showed three major clusters. Cluster | consisted mostly of cultivars resistant to field fungi.
Cluster Il consisted mainly of maize cultivars susceptible to field fungi, whereas Cluster |lI
consisted of cultivars susceptible to storage fungi. Maize cultivars resistant to storage fungi were
dispersed among the three clusters (shown by * next to the cultivar number). This is significant
considering that the cultivars are not related and yet they could be clustered on the basis of the
fungal screening. This could suggest that the fungal screening was representative of what
happens in the field regarding fungal infection even though the resistance trials were done using
kernels and not a growing maize plant.
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Figure 27:  Dendrogram of maize cultivars derived from dissimilarity matrix of SSR data

5.3 Discussion

The successful development of molecular markers linked to a trait of interest in any plant system is
very much dependent on how genetically related the plant material. The more similar the plants
are, the easier it becomes to develop markers that are linked to the trait being studied and not to
any other part of the plant genome. The best population is recombinant inbred lines or near
isogenic lines

The first challenge that this project was faced with was the maize material that was available for
the molecular marker development. The material was made up of maize cultivars that were
supplied by 11 different seed companies, and these maize cultivars were not related to each other.
To try to overcome the unrelated nature of the 49 cultivars the grouping of samples called bulk
segregant analysis (BSA) was used whereby the maize cultivars were grouped based on their
resistance/susceptibility to the eight fungi that were included in this study. Although preliminary
markers were identified these still need to be verified on a new round of plant material that could
be either the same material after re-inoculation with the fungi or preferably derivatives of the
existing cultivars (e.g. selfed material). Only then can one be certain that the marker/s is linked to
resistance and can be used to evaluate unrelated cultivars for their resistance to fungal infection.
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However this could be more complex than it seems as the mechanism of plant disease resistance
is an intricate one which leads to the next challenge.

The second challenge was the identification of resistant/susceptible cultivars based on the
response of the 49 cultivars to the inoculation by the different fungi. Plants respond to pathogens in
one of two ways, either by a non-specific resistance response or by a specific resistance response.
Non-specific plant disease resistance response usually involves passive plant defences as well as
the activation of active defences and occurs in all pathogen races and in all cultivars of a particular
host species. Specific plant disease resistance response, on the other hand, is dependent on a
particular pathogen race, on a particular cultivar, or on both {(Moncrieff, 2003). In this project the 49
cultivars were all inoculated with the same fungus so if there was a specific response to fungal
inoculation it would not be as a response to a particular race of the pathogenic fungi (i.e. not race-
specific) but rather cultivar-specific. Race-cultivar-specific (gene-for-gene) resistance could also be
a possibility. Cultivar-specific response relies on the genetic variation within the host plant and the
production of proteins capable of altering an otherwise compatible plant-pathogen interaction i.e. it
requires the presence of both a race-specific avirulent (avr) gene in the pathogen and a
corresponding cultivar-specific resistance (R) gene/s in the host plant (Moncrieff, 2003).

In this study the evaluation of the type of response that was observed with the 49 cultivars was
limited to seed inoculation which mimics response to storage fungi even though field fungi were
also included in the inoculations. So the verification of the response of the cultivars to field fungi
infection should ideally be replicated by infecting the actual plant and monitor the plant response,
although this maybe not possible.

The polymorphic fragments that have been amplified in the resistant cultivars could also be pattern
recognition receptors (PRRs) that are part of the plant innate immunity that is activated after
perception of pathogen-associated molecular patterns (PAMPs).

Examples of pattern recognition receptor proteins are the leucine-rich repeat receptor protein
kinases that have been identified in Arabidopsis thaliana known as LRR-LRK. The first receptor-
like protein kinase (RLK) carries extracellular leucine-rich repeats (LRRs) that was shown to
mediate recognition of a highly conserved fragment of bacteria! flagellin triggering plant immune
response during bacterial infection (NUrnberger and Kemmerling,2006).

5.4. Conclusions

The way forward towards the identification of molecular markers linked to fungal
resistance/susceptibility is to either select advanced maize populations or start generating maize
populations that have shown to be resistant or susceptible to the field or storage fungi studied in
this project. In the meantime the putatively identified polymorphic fragments need to be verified
and the clustered maize cultivars could be used in future BSA groupings from which more
amplifications could be made in the pursuit of reproducible markers.

it needs however to be recognised that there are many factors that could influence the
characterisation of a particular maize to be resistant or susceptible, and these include 1) the level
of fungal presence in the soil that in turn can vary from one year to another depending on the
climatic conditions and 2) the intricate mechanism of gene for gene resistance that forms the
genetic basis of host-pathogen specificity in plant disease resistance.
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Confidential

Appendix D
Table D1: Averages of the infestation of all field fungi except Alfernaria alternata during
storage
No: Fusarium Stenocarpella Phoma Fusarium Average
graminearum maydis sorghina verticillioides
1 - 10 6 - 4
2 - - 2 - 0.5
3 - 18 - - 4.5
4 - - 6 - 1.5
5 - 10 - 8 4.5
6 4 6 2 - 3
7 12 20 - - 8
8 - - 2 - 0.5
9 4 20 - 18 10.5
10 6 - - 14 5
11 - 28 - - 7
12 8 100 8 66 45.5
13 - 8 - - 2
14 42 30 - - 18
15 4 70 2 10 21.5
16 4 2 4 - 2.5
17 - - 2 - 0.5
18 2 80 - - 20.5
19 6 22 - - 7
20 24 34 2 - 15
21 2 30 4 - 9
22 - - - 6 1.5
23 22 30 6 8 16.5
24 - 10 - - 2.5
25 6 20 - - 6.5
26 2 30 - - 8
27 12 20 24 16
28 - 10 - - 2.5
29 - 16 - - 4
30 78 30 16 90 53.5
31 6 8 - - 3.5
32 16 10 2 - 7
33 24 100 48 76 62
34 - 10 - 2 3
35 6 10 2 - 9
36 - - 6 - 1.5
37 6 18 - - 6
38 - - 2 - 0.5
39 - 78 2 - 20
40 28 80 - 68 44
41 10 20 - - 7.5
42 - 18 2 12 8
43 4 60 4 - 17
44 12 - - - 3
45 34 40 2 - 19
46 - 60 2 - 15.5
47 - 100 - 16 29
48 12 - - - 3
49 16 80 4 - 20
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Confidential

Appendix E
Table E1: Averages of the infestation of all storage fungi except Penicillium islandicum during
storage
No: Eurotium Aspergilius Aspergillus Rhizopus Average
repens flavus ochraceus oryzae

1 48 52 62 100 65.5
2 30 16 52 100 49.5
3 28 10 68 100 51.5
4 30 2 14 10 14
5 46 28 30 10 28.5
6 40 10 100 20 42.5
7 46 10 36 80 43
8 14 4 30 20 17
9 74 6 32 100 53
10 66 12 52 80 52.5
11 18 44 20 82 41
12 100 60 100 50 77.5
13 38 4 16 100 39.5
14 40 8 38 20 26.5
15 54 30 94 22 59.5
16 40 8 54 100 50.5
17 40 32 56 80 52
18 96 100 20 70 71.5
19 50 10 86 90 59
20 100 8 82 10 50
21 50 6 80 50 46.5
22 6 2 28 100 34
23 88 100 46 100 83.5
24 74 30 12 30 36.5
25 54 14 86 20 43.5
26 80 66 76 80 75.5
27 68 100 74 100 85.5
28 56 66 54 80 64
29 66 28 50 80 56
30 100 76 100 20 74
k| 54 24 76 60 53.5
32 16 28 44 90 44.5
33 100 62 100 100 90.5
34 - 8 40 10 14.5
35 80 6 96 - 45.5
36 10 16 50 30 26.5
37 84 16 70 50 55
38 38 94 40 60 58
39 88 6 80 100 68.5
40 70 30 92 90 70.5
41 66 24 74 100 66
42 56 22 44 100 55.5
43 50 28 54 30 40.5
44 66 24 56 20 59
45 100 52 94 100 86.5
46 30 18 100 10 39.5
47 22 10 6 80 29.5
48 28 100 20 30 44.5
49 32 18 98 30 44.5
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