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1
Plant objects:
- Cereals (barley, sorghum)

- Oil seed plants (sunflower
- Vegetable crops (lettuce)
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. Genotyping

- Structuring of genetic diversity (seed
proteins, DNA markers)

Molecular screening for 1dentification
of agronomically valuable genotypes
(PCR markers)

Identification of mutations and search
for new alleles of the genes
controlling agronomically valuable
characters and trairts(earliness,
disease resistance, pollen fertility
restoration



Genotyping of barley landraces from Dagestan
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Cluster analysis of 265 barley
accession from Dagestan
Ab6gysnaes P.A. m gp. T'eHeTuueckoe

pasHooOpasue MeCTHHX QOopM SuUuMeHS U3
INarecTaHa // Hoxsanel PACXH, 2014. N5.



Molecular screeining and
identification of carriers of
valuable genes
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Identification of a new allele of the eam8
gene 1n a barley accession from Dagestan

S e

4

10 hrs photoperiod,
Low daily 10°C) and
high night (20°cC)
temperatures

Mutation eam8 1In barley accession K-14891 from Dagestan

A6gynnaee P.A. u gp. Myrauumst eam8 y obpasua siuMeHss k-14891 ms Jarecrana //
Tpynmsl 1o npmukia. 6or., reH. m cen. 2013. T. 171.



Identification of a new allele of the
eam8 gene 1In a barley accession from
Dagestan

Bonus_AEZ53982.1 85 I1GGIDR PLFPSFCVPS NEPVPLPQHI NTNSSGHATS GRLS 124

k-17429 2 1 ... 124
k-16377 S 15 ... 124
Bonus_mat-a.ll 1 T ... 124
k-14891 2 1 ... 124

Bonus_AEZ53982.1 125 TQLKSK DAYAAGSTAE CTSSHGRDNN AKNSSGNKLT NDDD 164

k-17429 125 ... ... e e e e e e e eeieiaaaas ... 164
k-16377 125 ... ... e e e e e e eameeaaaaa -... 164
Bonus_mat-a.1l1l 125 . ..... e e e e e e e meaae emaaaaaaa -... 164
k-14891 125 ... ... e e e e e ieee eieiaaaas ... 164

Bonus_AEZ53982.1 165 FTVPSV FCSGVRPRSN HEEARIQENS THLPATSPYK SGPT 204

k-17429 165 . e e eeaaaa - -... 204
k-16377 165 . e e e . G... 204
Bonus_mat-a.1l1l 165 ...... - . -ECVLVLT MRKRGSKRIP HTYQLQVHIR V.LR 204
k-14891 165 LRFLPS SAPECVLVLT MRKRGSKRIP HTYQLQVHIR V.LR 204
Bonus_AEZ53982.1 205 VSKPTA KFP 213
k-17429 205 _..... ... 213
k-16377 205 ...... ... 213

Bonus_mat-a.1l1 205 CPNQLQ N.. 213
k-14891 205 CPNQLQ N.. 213



Analysis of nucleotide
polymorphism 1n the SFA8 gene of
sunflower




Nucleotide and amino acid PolymorPhism within exon and
sequences of SFA8 intron of SFAS8
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121 CoCTATGUCAGAGCTACAALTCAATUCGUATCUTATCACCACATOCALGAGUUGCAGALG
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181 CTCARCCACTECGGGATETACCTCATGARMAATTTAggEagccctgattEEtEEEEEgaq
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Quartery structure of SFAS8
p rOte i n 38~ H.annuus VIR 130 3

53 |L H.annuus VIR 130 4
25 H.annuus VIR 130 1
36 SER 38 H.annuus VIR 365 7

(ARG) 100 H.annuus VIR 130 2

52 H.annuus VIR 130 5
L——— H.annuus VIR 130 6

H.petiolaris

T H.giganteus 1

95 H.giganteus 2

0.020 0.015 0.010 0.005 0.000



SUNFLOWER COLLECTION IN THE
STUDIES OF GENETIC MECHANISMS OF
POLLENFERTILITY RESTORATION



CMS-RT genetic system

« A basis for hybrid
seed production

- A model for studying
mechanisms of

Interaction between

dernornunsr I[MC

nuclear and organelle Hanson & Bentolila,

genomes



CMS-RT genetic system In sunflower

= 70 CMS sources; CMS PET1 1s widely used

= The character of fertility restoration 1Is
poorly studied; genetic control 1s not well
known

= 1-5 Rf genes 1s reported



Heterotic hybrid production

OTuOBCKASA AMHUA
BOCCTOHOBUTEAD
¢HepPTUABHOCTM NbIAbLbI,
HecyLlias reH Rfl

MaTtepuHckas cTepuAbHas
AMHMSA HO ocHoBe LUMC PET1

fTM6puAbl F1 NpoOABASIIOT
3o eKkT reTeposmnca no
reTepo3mcHoro rubpmaa YPOXAUHOCTHU. UX
HEOBXOAUMO CTEPUAbHYIO Rt & R St Al s L g™ el . BLIDOBHEHHOCTb MO
AMHMIO LMC ckpecTuTh C llm* O Pl SRR L | BbICOTE PACTEHMA,

<& ) ST 4 cpokam uBeTeHus u
CO3pPEeBAHUA CHMUXKAET
CTeneHb NOPAaXEeHMUs
GoAe3HAMU U NOTepHU
ypoxas npu ybopke

AAS CO3AAHMUSA




The nature otT suntiower
unknown

The majority of known RFf genes i1n plants
encode PPR-proteins (PPR - pentatricopeptide
repeats of 35 amino acids)

Separate gene family

RFL-PPR (Restorer-of-Fertility-Like-PPR)
(Fujir et al., 2011)

The main features of RFL-PPR genes
Claster organization

High homology within claster

High rate of diverence in PPR motives

The products of RFL-PPR genes interact with
products of aberrant mitochondrial genes
associated with CMS

RT genes 1S

RF1A2 (Aldehyde

dehydrogenase, RF-2

0Q94G64)
- C4AWRH2)

L
¢

RF49A1 (MOS-2like  RF1A4 (Aldehyde dehyvdrogenase, RF14A1 (Pentatricopeptide
protein, DOR6K2) QILLR2) repeat protein, RF-4, A7J144)

Proteins encoding by Rf genes
(Kotchoni et al. 2010)



Rf genes and theirr products

Bug Twun T'en Bernoxk dyHKUIUST Oenka Ccruikm
MC R
Zea mays T Rf1 He [lpouleccuHT M mocT- Dewey et al., 1987
noeHTNOMLM - | TPAHCKPUIILIMOHHOE Wise et al., 1999
poBaH CHUXEHMEe YypPOBHs 6eika
T-URF13
Oryza BT Rf1 PPR llpoueccuur MPHK Wang et al., 2006
sativa
HL RT5 PPR [lpoueccuHr Hu et al., 2012
TPaHCKpUIITa
atp6-orf79
Sorghum Al Rf1 PPR13 HeuseecTHa Klein et al., 2005
bicolor
Al RT2 PPR llpouecuur MPHK Jordan et al., 2010
Brassica Ogura | Rfo PPR Nocr-TpanckpunumonHast | Brown et al., 2003
napus perynsauusi
Petunia x pcf RT PPR592 Ierpapaumst MPHK n Bentolila et al.,
hybrida cHMKeHre ypoBHst Benka | 2002
PCF
Helianthus | PET1 RT1 ??7?7? 27?7?77

annuus




Materials

130 lines of sunflower genetic collection
with different ability for supression of
CMS phenotype



Aims of the study

-Clarification of peculiarities of
structural and functional diversity
of the genes controlling pollen
ferility restoration

* Estimation of genetic diversity of
sunflower genetic collection



Molecular markering of lines

HRGO1

- 8 PCR markers (STS,
tightly linked to the

Rf1 locus Haiom
. Mitochondrial STS

markers orfH522 u atp9 STS115

. CAPS markers of 115n-
RFL-PPR genes

CAPS/H13/Hinfl




C noMowsn MUTOXOHIPMAJBHOI'O Mapkepa
orfH522, accouummpomannoro c IIMC
PET1, y 107 nuEMM mnmeHTHOMUIMpPOBaAHA
crepunsHass (PET1 mam mMHOIO THIIA)

Molecular markering of lines

LIMTOoIlJIasMa

JInHuga

Hanunuune mapkepa

HRGO1

HRGO02

Tun uuTonnasmbl
(S — ctepunbHasn, F —
chepTUnbHas)

BUP109A
(LUMC)

BUP558
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BUP681
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C IIOMOWBI0 MOJIEKYJISIPHBIX MapKepoB
nonTeepxneHo Hamnume reHa RTl y
O6oJILUIMHCTBA JIMHUA,
BOCCTAaHABJIMBAOLMX GepTHMIBLHOCTL B
ckpeumBaHuax C JamHusMm LMC (PET1)

234 567 89 0MUITIZMISIE 17 IRI9202022 3 2425 M6 172829 3031 30 33 34 35




Polymorphism of the SSR loci
linked to the Rfl gene

L1234 |5 |67 |89][10|11][12

Hyneson 9
158-162 71
210-214 3 (BMP343, BUP381, BMP210)
198 1 (BUP1306)
244 1 (BUP370)
Hynesomn 39
148-153 43
105 1 (BMP210)
124 1 (BUP376)
Hynesomn 34
165-170 47




Nucleotide polymorphism of mitochondrial
locus atp9

10 20 30 40 50 60 70 80 %
EER FERRY EEERR PERR] IEETE FREE NS PSS IS R RPN EEERS BEETE PR NSRS PR ISR e |
X51895.1 1 GGTGCAAAAT CAATAGGGGC CGGAGCTGCT ACAATTGCTT CAGCGGGAGC TGCTATCGGT ATTGGAAACG TCCTTAGTTC CTCGATTCAT
Zelenka e et e iae e eee e eeeeeemeee e meeeaaeae eeeeeaaaan
VIR763 1
VIR743 1
VIR449 1
VIR377 1
Hopetiolaris 1 . i e e e eeeee e e e eeeeeaaan
H.mollis L e e e eee e meae e meeeee e e eemeeaee e meeeaaaas
L =T TigeT o o T F U=
100 110 120 130 140 150 160 170 180
B e e B B Rl I B e I I B ) I I el CEEEY R P |
X51895.1 91 TCCGTGGCTC GGAATCCATC ATTGGCTAAA CAATCATTTG GTTATGCCAT TTTGGGCTTT GCTCTAACCG AAGCTATTGC ATCGTTTGCC
Zelenka O e e e eeee e eeeee e meemeeeaae e e eeeaaann
VIR763 o
VIR743 L L
VIR449 91
VIR377 91
H.petiolaris O e e e e e e e e e e e e e e e eee e emeeeae e eeeaeaaan
H.mollis O e e e e e e meeee e e meeeeeeen eeeeeaaaan
L =T TigeT o T B U L=
190 200 210 220 230 240 250
---------------------------- | I Y FEREY IR B ISR R I
X51895.1 181 CCAATGATGG CCTTTCTGAT CTCATCCGTT ATTCCGATCA AAGAATCAAA GAAAGAAGGT TGAAGT 246
Zelenka 3 A T.C.GATCA. .GA.TCA..G A..GA.G.T. GA.GT.TCAT AA 252
VIR763 18l i e e A T.C.GATCA. .GA.TCA..G AT.GA.G GA.GT.TCAT AA 252
VIR743 18l L i e A T.C.GATCA. .GA.TCA..G A..GA.G.T. GA.GT.TCAT AA 252
VIR449 i 3 A T.C.GATCA. .GA.TCA..G A..GA.G.T. GA.GT.TCAT AA 252
VIR377 181 L i e A T.C.GATCA. .GA.TCA..G A..GA.G.T. GA.GT.TCAT AA 252
H.petiolaris 1 A T.C.GATCA. .GA.TCA..G A..GA.G.T. GA.GT.TCAT AA 252
H.mollis i 31 A T.C.GATCA. .GA.TCA..G A..GA.G.T. GA.GT.TCAT AA 252
H.agrophillus 181 ... ... ... ... . .ii ciciaaonn A T.C.GATCA. .GA.TCA..G A..GA.G.T. GA.GT.TCAT AA 252

BelpaBHMBAHME OGparMeHTa CMBICJIOBOM I[OcCjiemoBaTesbHOCTM TeHa atp9 vy
beprTunbHEIX JmMHUNA @ BUP/7/63, BUP449, BMP218, BNMP3//, CTapoOMeCTHOI'O
copTa 3eJIeHKa, IVKUX BUIIOB H.petiolaris, H.agrophyllus,
H.agrophyllus; X51895.1- nocnemnosarensuHocts Jsuuur HA89 (Recipon,
1990)



Hybridological analysis

= 15 F1 hybrid combinations of crosses
between CMS PET1 and fertile lines were
grown In different regions of Russia:
manifestation of the pollen fertility
restoration trait 1s Independent on
climatic conditions.

= Different segregation pattern in the F2
depending on cross combrations : monogenic
or digenic



The results of test crosses
between CMS PET1

Ne mi/m Maternal line Paternal line Fertility of F1
(CMS PET1) name Cytoplasmon type

1 BUP116A BHUP160 IIMC X uiau S
dbepTHIbHBINI

2 TO Ke BUP195 IHMC PET1 F

3 TO 7Ke BUP210 IHMC PET1 nam X F

4 TO Ke BUP211 IMC X uiu S
dbepTHIbHBINI

5 TO JKe BUP364 IHMC PET1 F

6 TO JKe BUP365 IHMC PET1 F

7 TO JKe BUP366 IIMC X uin S
dbepTHIbLHBI

8 TO Ke BUP371 hepTHIbLHBII S

9 TO JKe BUP387 IIMC X niun S
dbepTHIbLHBII

10 TO JKe BUP558 IHMC PET1 F

11 TO Ke BUP729 IHMC PET1 F

12 TO XKe BUP740 IOMC X uwin F
dbepTHIbLHBI

13 TO K€ RIL80 IHMC PET1 F

14 TO Ke RIL130 IIMC PET1 F_ *Sese

15 BUP109A BUP364 IIMC PET1 F ,.:';} ..

16 TO Ke BUP558 IIMC PET1 F e



Segregation patterns 1In the F2

Ne n/m | Hybrid Number of Segregation Theoretically |2
combination plants expected ratio
F S

1 BUP109 X 133 109 24 3:1 3,43
BUP558

2 BHUP116 X 59 43 16 3:1 0,14
RIL130

3 BUP116 X 93 77 16 3:1 3,01
BUP365

4 BUP116 X 34 26 8 3:1 0,07
BUP365

5 BUP116 X 43 26 17 9:7 0,31
BUP210

PeHOTUMNbI PACTEHUN pACLLENA[IOWEeNCs rMGPUAHON NONYASLLUU
F2 (BUP116 x BUP210)




Verification of the hypothesis on belonging
sunflower Rfl genes to the RFL-PPR family

= Sequencing of the EST fragments
( ) homologous to the known
RTf genes of other plants

= Comparative analysis of the polymorphism
revealed between the genotypes with different
functional state of the Rf genes;
identification of SNPs; developing markers of
RFL-PPR genes

= Analysis of joint inheritance of the RFL-

PPR genes variant and common molecular
markers linked to the Rfl locus
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http://www.cgp.edu/

Verification of the hypothesis on belonging
sunflower Rfl genes to the RFL-PPR family

= Nucleotide polymorphism of 10 PPR fragments was
Investiganted

= The co-dominant CAPS markers were developed and their
occurrence in the lines of genetic collection was studied

= For the fragments QHL12D20 1 QHB20M13 an association with
the functional state of Rf genes was demonstrated

Group of lines Number of line with marker Number of lines with markers
(cytoplasmon type) variants L12D20/Haelll variants B20M13/Rsal
1 1.2 1 2
Autofertile (S PET1) 27 1.17 43 25
Autofertile (F or 5 1.3 5 3
S(X)
CMS lines and 0 1.4 0 4
fertile analogs
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Freqguencis of nonsynonimous SNPs within
sunfliower and sorghum RFL-PPR genes:
> 4%

Frequencis of nonsynonimous SNPs within the
gene for sunfliower 11S globulin:
~ 1%



Polymorphism of EST QHL12D20

QHLIZDZ0. yyg. abl CTOBL1F]
VIR 108 (xflrfl)
VIE 780 [REIREL)

QRLIZDZ0. . abl CTOBL1FT
VIR 108 (xflrel)
VIR 700 (REIREL)

QULIIDIG. gy abd CTOBI13T
VIR 208 (erINeD)
VIR 780 [REIRE1)

QHLIZDZG. . abl CTOBL13]
VIR 200 (=fizE
VIE 780 [REIRET)

QRLIZDZ0. . abl CTOBL1FT
VIR 209 (rfizfl)
VIR 780 (REIRET)

QMLATDIE gy abl CTOR113T
VIR 209 (rfizfl)
VIE 780 (REIRET)

QHLIZDZO. yy. abl CTOBL13]
VIR 200 (xfis
VIE 780 (REIRET)

QHLIZDZE. yyg. abl CTOB1137
VIR 209 (rfizfl)
VIR 740 (REiREL

QNLIZ030. g abl CTORI1TT
VIR 209 (cfizfd]
VIR 740 (REIREL)

QNLIZDIO. g aB1 CTOWILTT
VIR 200 (efirE1)
VIR 780 (REIREL

NLIZDIG. yy, ak1 CTONILTT
VIR 200 (ef1zE1)
VIR 780 (REIREL)

QNLIZDI0. vy, skl CTONILTT
VIR 208 [rflren)
VIR 780 (REmMEL)

WLIZDIS. g Akl CTONILTT
VIE 208 (xflrel)
VIR 780 (REIREL

QNLIIDI0 g ak1 CTONI1TY
VIE 208 (rrirER)
VIR 780 (REIREL)

QNLIZDI0. vy, skl CTONTLTT
VIR 200 (relren)
VIR 780 (REMEL)

GHLIZDZE. yy abl CrOB1137
VIR 208 (rflxe1)
VIR 710 (ReRET)

OMLIZDIE. gy abi CrOA1137
VIR 208 (rflsen)
VIR 740 (REIREL)

QHLIZDZO. yy abl CrOB1137
VIR 200 (relren)
VIR 720 (REIRED)

QULITDIO. . abl CTOB1137
VIR 200 (rfixe1)
VIR a0 (ReRET)

QHLIZOZO. v abl CrOB1137
VIR 200 (efisf
VIR 740 (REIREL)

QHLIZDZ0. yy abl GrOB113T
VIR 100 (efizf1)
vIn 710 (Renen)

CEGGOTRRGT AACCOGAGAR MGCACATT-C GTTATTICAA GATATGAT-T
~GTARGC ARCCCHMIAR ROCACKTCHC §TTATCTCRR SATATORT-C
~GTARGC AACCCOMIAR BOCACATE-C OTTATTTCAR GATATOATIC

35 GIATIGTGAR COAR-GRATD CIACACTGUT CTTCITICNG CTTACRSTC-

GATGRAGGTT
P
ANTARARITE

GARTRGUCT

CCARRGRATE

COAR-GRATC CrTACHETE-

117 CTITAGAARA GCGTTITCAR TACTCGACGA AATSAGGARD ACTCCTACT
BCUTITTCAR TACTCHACHR ARTUAGUARC RCTCCTANCT
GCUTITTCAR TACTCUACAR ANTOAGUARC RETCCTAMCT

GoeAcoCToR
ACERCOCTIA
ACEACECTOR

ATGTCTICRT TITCATGAAT

GTWTETTCAT TITCATGNAT

337 GE-ARIUITI GOTTTCSGMS -ATSGOUTUA CARGGAATCA A-GCCCAKIA
236 CR-ARTUTTT GOTTTCSGAG -ATSGCOTOR
234 FOCAATCTTT GCTTICH0MS ar——

TROATAARGC

CosTTACTTA
COGTTACTTA

354 TAAT-ACCOT TATTGATGCR TATSGGRAMG
TAAL-ACCCT TATTSATSCR TATSGGAANG
FAAT-ACCCT TATTGATACK TATGAGALNG

-k krtka

gt et gatye

Eaguagt geTguratge

iy cggerteoge

a saguitt grirtcege stcty
GutLEy Egacttogt

aatgtte greeeec

Grattricgt cELELEEGEE sacktasaqy qoestiog-t EREtigasta
atatetre EeeEgie aacee geastbemgt ERve

2

a1 egasaty ¢

£33 atgogasaty ctigtacacy sagto

28

108 s oooOEtgOtE sRcOtsggss SassEguaty gagtogeoss

sacytagess sasstupats gan

OgARCSE TETGEALOOA JALITAGASA 8aCASSESET

781 gaacet LEtusabeta gatucapass sacassceet
28

2 sascut ospggeoggs sat atetan
13 ctetan
20

BE4  guagttggas ctaatgacos aEtga

atgacen setga.

rogrararar
togtatatat

rarrareent

atgagyttig

aseagutiig
assatyttig

ptacant
acart

goongatgas
e

g

atastastty

ataataatig

ateqetagt
tegeeo

tttgtoasos GATTTHTGSR CATGRRRTCA RCACTOHTAG
gteattasct tatgtoascs GATTTGTGEA CATGARATCA RCACTCRTSR

169 MCAAAGGSAR TGCAAGCCTG KTGTATGGAC CATGARITUA ROSTTRAGAG
ACARAGGOAR TGCRAGCOCS KTGTATGGAC CATGARTTCN MCGTTACGAG
MCARAGGEAR THCAMGCCCS KTGTATGGA CATGARTTCA ROSTTARGAG

ARNTECTCCR
ARNTECTOCG

COTITOOTOG
coTTTOGTOG
coTTTeaCES

azs ARG TrrcTTAGTe
CRETGAGCAR ATAGAARCGA TGGAAMKATG CTACGMGARG TTTCTTAGTS
CHGTGAGCAR ATAGARARCGR TGGAAMAATG CTACGRGARG TTTCTTAGTG

409 ROUTAATSTT AMARCCTICT RTATACTCTI GUATICATAC GUSAARACCO
112 AnascoTTE 3
MCTAATGTT AGARCCTICA RTATACTCTT GGATTCATAC GGGALRACCS

145 MARGATGRAST GCTGTIAIGS A 3
-1
1170

COGGRATTCR
COGGRATTCR

GARACTATAR
"rryi—

3 PPR motives

Contains intron 630 bp the sequence of with
represents complementary palindrom

Intron of QHL12D20 is homologous to the intron
of the AHBP-1B gene (stress adaptation, high
homology to the bZIP transcription factor of
arabidopsis



Nucleotide sequences of the
QHL12D20 of 9 lines have been
deposited to the GenBank
(NCBl)data base (accessions
numbers KJ450920-KJ450928)

(http:/7/www_ncbi.nIm.nith_gov/nuccore)



Helianthus annuus inbred line VIR151A RIGO pentatricopeptide repeat-

containing protein (RFL-PPR) gene, partial cds
GenBank: KJ450920.1

LOCUS
DEFINITION

ACCESSION
VERSION
KEYWORDS
SOURCE
ORGANI1SM

REFERENCE
AUTHORS

TITLE

JOURNAL

REFERENCE

AUTHORS

TITLE
JOURNAL

KJ450920 1174 bp DNA linear PLN 12-NOV-2014
Helianthus annuus inbred line VIR151A RIGO pentatricopeptide
repeat-containing protein (RFL-PPR) gene, partial cds.

KJ450920

KJ450920.1 GI1:618765566

Helianthus annuus (common sunflower)

Eukaryota; Viridiplantae; Streptophyta; Embryophyta; Tracheophyta;
Spermatophyta; Magnoliophyta; eudicotyledons; Gunneridae;
Pentapetalae; asterids; campanulids; Asterales; Asteraceae;
Asteroideae; Heliantheae alliance; Heliantheae; Helianthus.

1 (bases 1 to 1174)

Anisimova,l.N., Alpatieva,N.V., Rozhkova,V.T., Kuznetsova,E.B.,
Pinaev,A.G. and Gavrilova,V_A.

Polymorphism among RFL_PPR homologs in sunflower (Helianthus annuus
L.) lines with varying ability for the suppression of the
cytoplasmic male sterility phenotype

Russ. J. Genet. 50 (7), 712-721 (2014)

2 (bases 1 to 1174)

Anisimova,l.N., Alpatieva,N.V., Rozhkova,V.T., Kuznetsova,E.B.,
Pinaev,A.G. and Gavrilova,V_A.

Direct Submission

Submitted (14-FEB-2014) Department of Genetics, N.I. Vavilov
Institute of Plant Industry, Bolshya Morskaya, 42, Saint Petersburg
190000, Russia

/translation="KQPEKAHSLFQDMIDEGCIVNQESYTALLSAYSRSGLFRKAFSI

ORIGIN

LDDMRNTPNCHPDVYTYSILIKSCLHFHEFEKVQSLLSEMASQGIKPNTVTYNTL IDA
YGKAKRFVDMESTLVEMLRQRECKPDVWTMNSTLRAFGGSGQ IETMEKCYEKFLSAGI
QPNVKTFNILLDSYGKTGN"


http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=4232

F2 segregation by the alleles of
the QHL12D20, HRGO02 m STS115

Combination F, phenotypes Theoretical | x?
(loci) A-Bb | A-BB | A—bb | aaBb | aaBB | aabb | 1Y €xpected
ratio

BMP116 x 24 12 3 2 0] V4 6:3:3:2:1:-(14.,1
BUP558 1 7
(L12D20,
HRGO02)
BUP1l1l6 x 21 8 10 8 4 6 6:3:3:2:1:-1(0,89
BUP740 1
(L12D20,
STS115)

IIpu P < 0, 005 2= 11,07
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