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Sugarcane QTL Mapping

Identification of markers linked to yellow spot
disease resistance - M134/75 X R570 (RxS)
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Objective:
/| Apply MAS to improve on selection efficiency and
shorten breeding cycle

Identification of markers linked to early ripening
CP 67412 x M 245/76 (early x late)

5| Objective:
.| Start the cane harvest season 1 month earlier




Discovery of Markers Associated With YSDR

Previous work
Mapping population of 227 individuals derived from M 134/75 (R) and
R 570 (S) genotyped using AFLP and gSSR

Major QTL identified, flanked by AFLP marker actctcl0 (14cM) & SSR
marker CIR 12284 (17cM)

LA Further screen mapping population with EST-SSR markers
e Sugarcane EST-SSR primers

agcm (Pinto et al., 2004 , Oliveira et al., 2007, ICSB- R. Ming).
L | © Sorghum EST-SSR

(24- Wang et al., 2005 and 600- ICRISAT)

and 142 markers scored for M 134/75

win|| Application Of NG6S To SNP Genotyping In Sugarcane

3

g ‘ ‘ i 67 EST-SSR primer pairs were used for population screening
|

? Restriction Site Associated DNA Sequencing (ddRADseq)




RADseq Sample Processing

Digest
DNA with a pair of restriction
- enzymes (Nsil and Msel)

Sample specific

4 Ligate fragments with adaptors
J—I} Ly B | containing and index
_ . 12 x 48 combinations
lllumina Hiseq Index (12)
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—_— Amplify adaptor-ligated fragments
l | | (RADtags) max 18 cycles

Enrich a reduced representation of the sugarcane genome



RADseq Sample Processing

Run amplified RADtags on agarose gel
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Size-select amplified
RADtag fragments
200-500 bp, clean up,
guantify
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Pool RADtags into one library
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lllumina Sequencing



RADseq Sequence Data Analysis

Demultiplex reads according to index and barcodes
Equate barcodes/index combination to genotype

Identify SNPs between mapping parents and determine zygosity

Assign zygosity of genotype from mapping population and tabulate results in
Joinmap format (nnxnp, Imxll, hkxhk)




Results - SNP Distribution
Yellow spot

> 8,873 SNPs for the YSR variety M 134/75
» 12,161 SNPs for R 570 (susceptible)

Early ripening

« 9500 SNP for CP 67412 ( early) and

e 7560 SNPs for M 245/76 (late)
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Even genome coverage of markers across chromosomes using MseI and
NsiI restriction enzymes
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ion of SNP from RADtag read

Validation Of Radseq SNP Markers
Extract similar sequences from mapping parents M 134/75 and R 570

Use Geneious software to aligh sequences
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Blast RADtag sequence to S. bicolor genome sequence on PhyTozome

Identify best hit and calculate SNP position

M134
& R570
A
M134
T

All SNPs lie within +/- 1 bp to SNP identified from STACKS SNP calling pipeline




SNP Calling Validation

Consensus ] ; & T : _G GEIGG G_G-
Identity

v

27. M134_ 3 2306 160?5 95691 1
28. M134_3_2307_2352_27153_1
29. M134_3_1301_14244_95153_1
30. R570_4_1309_6124_20767_1
31. M134_3_2314_10319_6649_1
32 M134_3 2311_3188 69423 1
33. R570_4_1214_4904_ 36888 1
34. M134_3 2207 14908 26179 1
35. M134_3_2208_6640_16418_1

38. R570_4_1108_11323_25012 1
39. M134_3_1208_18773_50050_1
40. M13273 121020434 51021 1
41.M134 3 1111_11556_56105_1
42. R570_4_2102_2685_£702_1

43.R570 41105 6801 26888 1

44 M134 3 1305 2129 83211 1
45 M134_3_1306_18506_60394_1
46 R570 4 2208 10688 48507 1
47 M134_3_1105_6465_32652_1
48 M134°3_1104_11737_23138_1
48, M13473_1101_10572 99318 1

e
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53 M134_3_1309 9573 31887 1
54. M134_3_2204_6522_B0004_1
55.M134_3 2316_12380_31094 1
56 M134 3 2306 17722 71093 1
57. M134_3_1106_18724_80653_1
58. M134_3_2213_18963_3758_1
59. M134_3_1313_19844_44380_1
60. M134_3_1214_16589_3214_1
61 M134_3_1211_18878_75749_1
62. M134~ 3 111016323 25354 1
63 M134_3_1204_13800_12381 1
64. M134_3 1112 2718 _80107_1
65. M134_3_1113_9670_55184 1
66 M134 3 1114_5916_7954 1

67 R570_4_2110_1723 61805 1
68. R570_4_2203_0730_18984_1
69. R570_4_2310_ 7284 97487 1
70. R570_4_1105_11121_51059_1
71. R570_4_1108_3087_BS9676_1
72. R570_4_1109_13638_38357 1
73 R570_4_1216_15548_2892_1
74. R570_4_2305_4369_67814_1
76. R570_4_2114_16860_21764_1
76. R570_4_1216_13656_64403_1
77. R570_4_2109_6365_30599_1

78. R570_4_1305_14305_54797_1
79. R570 4 1309 13183 26080 1

T T
T

SNP variants identified in both parents from the same RADtag read

> Very useful for comparative mapping and assembling composite maps



Linkage Map Construction

Construct linkage map of R 570, CP 67412 and M 245/76 using RADseq
single dose markers using Joinmap
M 134/75; combine 528 AFLP and SSR markers to RADseq markers
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Linkage Map Construction

CP 67412 M 245/76

Total size (cM) 8103 6609
Number of markers 3293 3066
Number of linkage group 233 281

Average markers distance (cM) 2.4 2.15
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RADseq Marker Collinearity

(A) M 134/75 LG35
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Linkage mapping
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Comparative Mapping

Assess level of synteny between LGs

86 CP 67412

chr463968470G

chr466413714A

(Vs

|
RS

chrd67524341T

L
chr465522167g
chrd66276934T
chrd64267674G
chr272231954T
chr467398486A

[ — |

~ chr466897526T
§ chr922119133T
chrd64622741T

chr465414950G

chr464680574C

chr464566989A

‘M 134/75 80

CHR_4-64003268-C

CHR_4-67398486-A

CHR_9-22119133-T —
CHR 4-64622741-T —

—1

CHR_4-67524329-A

[T 11

CHR_4-67524341-T

G
L

CHR_4-66897526-T

CHR_4-64680574-C

@ chrd6396847
R |
D |

chrigsd1371
B -
D |
[ &

chri6752434
chrd6752432
|
D |
chrd6522082
[ _.
_- chr4s52216

L chrdg827693
[+11] E chrdB426767

chr27223155
Lo |

—— chrd6739548
R

chrd6426755
_ chrdB426756
chr46689752
TchrE2211913
chrdg462274

86

chrd6541495

chrd6384750

chr48488057

ED - chrd8456698

\
A=

A

B AR

Identify L6s with common markers between mapping parents

chrdB400326

chrd6733846 —

chrd6522062

chra2211813

chraBd62274

chr27223195

chrd6752432 —

chrdG752434 —

chr4B426755 =
chraB4267 56

)

chrdBdBa057

chrd6384750 —

- @D
chrdb88a752 ~— - D

W34



-- ‘
40 L chr10615
-= ch142034 chrit12i4 Sm:gigg - - -
- vl 105 .
[ R — 0306 14983t m
| B i3 chrs1ggE0 . 1]
R — chr1gi0t chrH16ITE - m
chEB15 chr 19301 2B 12 a
ED- chr114803 ] chr48466 -
SATHE chr1E9Ea0 -am .
[ % eh1SE) 10005 2240 o
a0 chr11000g -
i oo 51383 e L]
| 126089 . L
m EE ohs15as pran m
dhri17500 IS °:”mm @B L
€ | o130 B criseis (e m
ch212% oefB9HS it | am m
i+ B 15T P e oLl -
T2 o 13610 [ikaiis am m
o | dhrIBes B 0 -
12125 o
o 3484 chriBaT1e E L am 3
- 178 shr{B145 Bz =
chr3103 11578  am - =
(-] chviBeTIE o 11578 chrizii - L]
chrtdiss chrti1579 chr124409 | am w m
[} 10877 -_ chrts0ga chri4dga - =
hr110877 chr 12753 chridriz 8
[ 0] chrioarT chridaT chri2sess @ = L
110877 oGBS ohr124650 | am m ™
7 chrtfostt o1z o125 ]
110167 0 cheitsig chri2st14 - [ ] o
chriBEa) 113879 am
e chE240E | ficy]
=== 10670 chEA2% shrioi 50 - = m
= oviioen 7 am [ ] -
m == o TN -
B i 1T  am 5]
o
=chr13%62 740 e -
_chr117880 chi7sr am i) ENEATI
SOR12 chr {20746 chrB40906; e m
120N o121 ohrGRA5E @ m
- e12753 ko] 175 w
chr110308 chr782350 chr 17083 i) m
chrtt547 - chroAgeTy TS lE 1 w
chri10306 ohrld3284 S 17E1G & - = ~ el
chrl10308 — oI {1755 st —
chvigsedy chrd22157 chri1227 - m e
dhriggn ohr148TTS oo [} w
chvigseD] D 148778 169! - -
[r::] chveAgetg ohr 145778 ohr 189690 [ ez -
chBASEIB | chrignem i1 - =
e - ohr15105% 10066 m -
| = 1Sz 106935 @ = L
@ dhvif 2585 chraB0Ea? chr1g39TE m el o=
chrit 1578 m 1280 ohr 238563 - - \ o
2] chitsT ChSETI45 16806 - - \ -
etliss L= hrig8 e P - I
[110::] chriBl468 oSBT ohTanEss [ ] \ =
chritdiE m oSBT chr110%0 _am = . i
[i1:::] C1gTa73 chisET446 chi782a7 m Py =
rigsear 8- ohstes chlgionr g - & i
rhr!. i -
{1 ]

Comparative Mapping

CP 67412

chr12606

M 245/76

CP 67412 M 245/

M 134/75

245

Comparison

between similar L6s from 3 varieties



Merits of RADseq

Carried out within a period of 6 months from DNA extraction to scoring of
marker across mapping population.

Lower cost of consumables

Marker Scoring:

» Automated SNP calling

> Marker scoring highly accurate

Bi-parental cross: Enable simultaneous scoring of both parents

Collinearity:

Direct interpretation of SNP markers to physical location on sorghum
map. Comparative mapping made easy

Marker information:

Direct information of sequence flanking SNPs. Useful for sequence
manipulation eg PCR marker development

Limitations

> Use of sorghum genome as reference
> Missing data
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QTL Mapping (SIM) For YSDR

V4

14

b M A

10 //' V4 \\

8 oy LG28
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) /

0 e T T T T T T

Group Position | Locus LOD mu_A mu_H % Expl. Additive | GIC
28 0 | M2785182 0.73 12.0 8.1 2.3 3.9 1.00
28 13 | CHR_9-47913433-C 0.08 10.2 8.7 0.3 1.5 0.99
[ 28] 1s[omizesa | a3a| 1a7] 55] 129] 92 100]

28 20 | CHR_9-49742276-G 0.23 10.5 8.0 0.7 2.5 0.97
28 21 [ CHR_9-50011984-G 0.29 10.6 7.7 0.9 2.9 0.92
28 22 [ m238m152 1.54 12.7 7.1 4.8 5.6 1.00
28 24 | CHR_9-49252071-C 0.55 10.9 7.2 1.7 3.7 0.98
28 26 | M31Q179 1.42 12.8 7.4 4.4 5.5 0.99
28 31 | M336B184 1.4 12.7 7.3 4.4 5.4 0.99
28 43 | SAT06122 12 17.5 3.6 28.7 13.8 0.99
28 47 | SAT2033 12.9 18.2 3.3 32.8 14.8 0.99
28 59 | SAT2036 10.31 18.0 4.1 28.1 13.9 0.99
28 71 | CHR_5-10629047-T 6.81 15.4 3.9 19.6 11.6 0.96
28 77 | CHR_6-396661-G 3.87 14.3 5.4 11.6 8.9 0.96
28 84 | CHR_6-40874378-G 3.68 13.7 4.7 11.1 9.0 0.91
28 94 | CHR_3-55587038-G 4.57 4.6 141.3 9.9 0.9 0.93




Stability Of YSDR QTL Between Environments (MQM)

UPES LG28 MQMV
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Validate markers SAT2033, SAT2036 and SAT06122 with
* A second population derived from the cross M 134/75 x R570 and
» Germplasm Collection




QTL Mapping -early ripening
e 300 individuals RADseq processed

e Trait scores:
Sucrose accumulation
Fibre content
Tillering phase
Flowering habit
Cane elongation
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Fine Mapping of YSDR QTL
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