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IDENTIFICATION OF PHOTOPERIOD SENSITIVITY GENE E7
IN SOYBEAN CULTIVARS AND BREEDING LINES USING
SSR MARKERS

Abstract. Soybean (Glycine max) is a short-day plant and its different genotypes start to flower when the day
length is less than their critical day length. Southern regions of Kazakhstan are the main sowing area for this crop,
and it is crucial to develop soybean cultivars adapted to conditions in North Kazakhstan. In this article, soybean
cultivars and their breeding lines was tested to detect £7 locus determining photosensitivity, SSR markers Satt100
and Satt319 linked to £7 locus were used in order to distinguish promising cultivars and breeding lines for further
breeding plan. 37 soybean cultivars and 34 breeding lines of legume department in KazSRIA&PG were taken as a
research object. As a result of SSR genotyping 16 soybean cultivars and 7 hybrids have the recessive alleles corres-
ponds to photoperiodic recessive alleles, these cultivars and breeding lines with e7 locus are recommended to our
breeders as a genetic resource to develop photoinsensitive varieties.
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Introduction. Soybean (Glycine max (L.) Merr.) is one of the most economically important oil crops.
It is a rich source of vegetable oil and protein feed, macronutrients and minerals, soybean also contains
secondary metabolites [1], saponins, phytic acid, oligosaccharides, goitrogens [2], and phytoestrogens [3].
It is not only an important food, feed (protein-oil), technical culture in the world but also in Kazakhstan
[4]. Soybean is a more profitable crop. Profitability of production reaches close to 120% in the southeast
of Kazakhstan [5]. In 2017, soybean cultivated area in the world was about 123 million hectares [6].
Kazakhstan also pays more attention to increasing soybean production. Sowing area in 2018 reached
126 thousand hectares [7]. In the Republic of Kazakhstan according to the program for diversification of
agricultural crops, sowing area of soybean will be reached 400,000 hectares by 2020, this would enable
Kazakhstan to produce 1 million tons of soybean seeds in the country [8].

The main region of soybean cultivation is south and south-east of Kazakhstan, however, cultivating
soybean in northern part of Kazakhstan is projected where soybean has not previously been a traditional
culture (Kostanay, North Kazakhstan and East Kazakhstan regions). Extension of soybean cultivated area
in the northern and eastern regions of the republic is a target indicator of the State program for the
development of the agro-industrial complex in the Republic of Kazakhstan for 2017-2021. For a large
variety of soil and climatic conditions of Kazakhstan, early maturing and resistant to various stresses of
soybean cultivars are required. In terms of this, the Kazakh Research Institute of Agriculture and Plant
Growing started developing soybean varieties, early maturing, photoperiodic insensitivity and drought
resistant, are suitable for sowing in the northern ecotype.

The crop is a short-day plant and its different genotypes start to flower when the day length is less
than their critical day length. It is grown worldwide from equator to 50°N and 35°S latitudes [9]. The
photoperiod insensitivity is a major criterion that determines the latitudinal adaptation of soybean
cultivars [10].
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It has adapted to such a wide range of latitudes due to its natural variation of major genes and
quantitative trait loci (QTLs) which control flowering time and maturity. Till now, 10 major genes
controlling flowering time and maturity have been identified in soybean: £/ and E2 [11], £3 [12],
E4[13], E5 [14], E6 [15], E7 [16], ES [17], £9 [18] and J [19]. Of these 10 genes, £, E3, E4 and £7 have
been reported as quantitative photoperiodic genes [14] with dominant alleles conferring photosensitivity.
While dominant alleles at £/, £2, E3, 4, X5, E7 and ES loci delay time to flowering, recessive alleles at
E6, E9 and J loci delay flowering time to different extents, interacting with the environment and with
genotypes at other loci [9, 18].

The E7 locus is associated with the response to light quality and it may be related to phytochrome.
The study of mapping £7 locus with the microsatellite markers Satt100, Satt319 and Satt460 on LG C2
(chromosome 6) Satt442 (H), and Satt497 (L) revealed that Satt 100 and Satt 319 are the most effective
markers to detect £7 locus [20].

The effectiveness of detecting £ alleles for the early diagnosis of the reaction of soybean plants to the
photoperiod has been shown in numerous publications [21-24], but these markers have not yet been used
in the practical soybean breeding in Kazakhstan. Domestic breeders, developing varieties for various
climatic zones of Kazakhstan, deal with a mosaic of forms, groups of maturity and varieties with varying
degrees of photosensitivity. Breeders need information on the genetic variability that determines this
diversity, as well as a real tool to diagnose the adaptive potential of a plant to a certain longitude of the
day in the early stages of the selection process.

The aim of this study is to identify the allelic composition of parental forms and their breeding lines
of soybean by the /7 photoperiod sensitivity gene and select photoinsensitivity forms.

Materials and methods. 37 soybean cultivars and 34 breeding lines of legume department in
KazSRIA&PG were taken as research objects. Early maturing and ultra-ecarly maturing accessions were
used to develop early maturing soybean varicties for the eastern and northern regions of Kazakhstan.
[Table 2, Table 3].

Simple sequence repeat (SSR) markers Satt 100 and Satt 319 were selected from those designed and
mapped by Molnar ef al. [20 | (table 1).

Table 1 — SSR markers used for detecting polymorphism at E7 locus.

SSR name Primer sequences (5 —3")
F: ACCTCATTTTGGCATAAA
Satt 100
R: TTGGAAAACAAGTAATAATAACA
F: CAACTCAGTAGGGGTCAATAACAA
Satt 319

R: TGAAATAGGGAAAATAAGGGAACA

DNA was isolated using the CTAB method [25] from the first true leaves of individual seedlings
grown in greenhouse conditions. Fresh leaf samples, about 100 mg each, were transferred to 2-ml test
tubes with 600 pl of CTAB extraction buffer containing 1.0% polyvinylpyrrolidone (PVP40) and
homogenized using a stainless steel pestle. After that the mix was incubated in water bath for 1-1.5 hours,
then added chloroforum/octanol (24:1), 96% ethanol added to the supernatant to precipitate and washed
several times with 70% ethanol. Isolated DNA was then dissolved in 100 pl of sterile water. The concen-
tration and quality of DNA samples was determined at 260 and 280 nm using a spectrophotometer Jenway
6715 (Jenway, Staffordshire, UK). DNA samples were diluted with sterile water to a concentration of
100 ng/ul for use in further experiments.

Polymerase chain reaction was curried in Eppendorf Mastercycler (Geremany). The PCR conditions
for both primers were as follows: 1xPCR buffer, 2.5 mM MgCI2, 150 uM each of dNTPs, 0.35 uM 1 of
cach forward and reverse primers, 1 ul BSA (2 mg/ml) and 1 U of Tag DNA polymerase (Biosan,
Novosibisk, Russia) and 100 ng of template DNA in 15 pl. Thermo-cycling conditions were initial
denaturation at 95 °C for 5 min, followed by 35 cycles of 20 s at 95 °C, 1 min at 53 °C, 80 s at 72°C, and
with a final extension of 10 min at 72°C. The amplification products were separated in polyacrylamide gel
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(8% acrylamide, 1xTBE buffer), and gels were stained with ethidium bromide for digital imaging by the
QuantumST4 Gel documenting system (Vilber, Collégien, France), as indicated above. The dimensional
characteristics of PCR products were determined using the computer software ‘QuantumCapt’ (Vilber,
Collégien, France) to determine the length and intensity of DNA fragments.

Results and discussion. In our experiment, three alleles of microsatellite were identified using both
of Satt100 and Satt319 markers, the amplified fragments were named as A, B and C. According to
Rosenzweig et al. [26] A and B corresponds to E7 and €7 genes respectively, an unknown allele also was
revealed with a fragment of 154 bp corresponds to C at the locus satt100. The study curried on 37 soybean
cultivars showed that 18 cultivars have £7 locus and 16 varicties have recessive e/ locus which are
associated to photoperiodic insensitivity (table 2). 3 cultivars, 346-271-92, Annushka and Brianskaia,
have unknown locus that needs to conduct further investigation to detect the locus.

Table 2 — Results of SSR genotyping used for detecting polymorphism at £7 locus in 37 soybean cultivars

Accession/cultivar . Alleles of loci/genes
Ne Origin/source
name Satt 100 Satt 319 E7 Gene

1 HP -203 USA A A E7
2 GilChin China A A E7
3 K3972 - B B e’
4 K6932 - B B e’
5 Rokujuunichi mame Japan B B e’
6 234 Russian B B e’
7 347 - A A E7
8 346-271-92 Russian C C -
9 317-236-11 Russian A A E7
10 211-124-206 Russian B B e’
11 2 CH - B B e’
12 583583 - B B e’
13 Fiskeby 111 Sweden B B e’
14 LMF Poland B B e’
15 AC Brant Canada A A E7
16 Amour France B B 4
17 Sepia France B B e7
18 Amurskaia 401 Russian B B e’
19 Annushka Ukraine C (€] -
20 Brianskaia Russian C C -
21 Birlik KV Kazakhstan B B e’
22 Vega Russian A A E7
23 VNIIS 1 Russian A A E7
24 Zara Kazakhstan A A E7
25 Zakat Russian A A E7
26 Luchezamaia Russian A A E7
27 Mriia Ukraine A A E7
28 Podiaka Ukraine A A E7
29 Rassvet Russian A A E7
30 Soer 3 Russian A A E7
31 Soer 4 Russian A A E7
32 Soer 5 Russian A A E7
33 Ustia Ukrain B B e’
34 Khorol Canada-Ukraine B B e’
35 Jaselda Belarus B B e’
36 Lastochka Kazakhstan A A E7
37 Pamiat UGK Kazakhstan A A E7
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Table 3 — Results of SSR genotyping used for detecting polymorphism at E7 locus in 36 hybrids and their parent cultivars

Ne Name of hybrids and parent cultivars Allele of Satt 100 locus Allele of Satt 319 locus E7 gene
1 Lastochka AQ A E7
2 234 BJ B e7
3 LT44/11 B B e7
4 LT44/12 B B e7
5 LT44/2 A A E7
6 Zara AQ A E7
7 Jaselda BJd B e7
8 N8 A A E7
9 Zara AQ A E7
10 Khorol BJ B e7
11 N 10/1 A/B A/B E7/e7
12 N 102 A/B A/B E7e7
13 Zara AQ A E7
14 234 BJd B e7
15 L 8/31 A A E7
16 L 8/32 A A E7
17 Pamiat UGK Ad A E7
18 Birlik KV BQ B e7
19 M 151 A A E7

20 M 1572 B B e7

21 M 15/3 B B e7

22 M 15/4 B B e7

23 M 15/5 A/B A/B E7/e7

24 M20 B B e7

25 Zara AR A E7

26 583583 BJd B e7

27 L1/1 A A E7

28 L1/21 A A E7

29 L1722 A A E7

30 L1723 A A E7

31 Zara AR A E7

32 Ustia BJd B e7

33 L4/1 A A E7

34 L4/31 A A E7

35 1.4/32 A A E7

36 1.4/33 A A E7

37 1.4/34 A/B A/B E7/e7

38 Zara AQ A E7

39 2 CH BJ B e7

40 L11/21 A A E7

41 111722 A A E7

42 111723 A A E7

43 111724 A A E7

44 L1125 A A E7

45 L1126 A A E7

46 L1127 A A E7

47 111728 A A E7

48 L11/4 B B e7

49 1.T44/2 A A E7

50 1.T44/3 A A E7

D
=)
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PCR analysis related to detecting £7 locus in hybrids is shown in table 3. All hybrids developed from
Zara x Jaselda, Zara x 234, Zara x 583583 and Zara x Ustia possess £7 locus, hybrids N10/1 and N10/2
from Zara x Khorol have both £7 and e7 loci. 11 derivate lines were developed by crossing Zara x 2 CH,
among them only line L.11/4 has a recessive allele linked to photoperiod insensitivity.

Hybrids LT44/11 and LT44/12 derived from the cross Lastochka x 234 have the fragment with a size
of 145 bp at Satt100 locus that corresponds to e7 gene. 4 out of 6 lines (M15/2, M15/3, M15/4 and M20)
derived from Pamiat UGK x Birlik KV (figure) also contain recessive e7 gene while others have photo-
sensitivity gene.

150

T —— — — — — — D S — — —_—— —— —— ——

MJd123 456 78 910111213 1415161718 1920 21 22

M-marker; &- Birlik KV; @ - Pamiat UGK;
M15/1 (1-3), M15/2 (4-7); M15/3 (8-11), M15/4 (12-15); M15/5 (15-19), M20 (20-22)

PCR products of parental forms and hybrid population of Birlik KV and Pamiat UGK

The variety of domestic breeding Zara was highly preferred by plant architectonics and a high
percentage of hybrid pod abscission in designing the hybridization scheme. Zara variety was developed on
the basis of KazSRIA&PG and recommended for adapting in the East Kazakhstan region

However, DNA identification showed that Zara and all hybrid combinations with its participation had
photoperiod sensitivity gene £7, while sowing these accessions in eastern and northern Kazakhstan their
vegetation period extended.

The use of the soybean variety as a maternal form developed in the conditions of eastern Kazakhstan
and approved for production there - Birlik KV proved to be more productive. A high percentage of
segregation with photoinsensitivity was recorded in hybrid populations with the use of Birlik KV as the
maternal form.

Thus, the data of genetic analysis on the targeted interest are needed in designing hybridization
schemes for the effective and fruitful work of the breeder

In conclusion, SSR analysis curried on 37 soybean cultivars and 34 breeding lines, developed from
the 8 crosses to get new promising lines with the e7 locus, showed that 16 cultivars and 7 hybrids out of
34 possess photoperiodic recessive alleles, these cultivars and breeding lines will be used in further
breeding programs to develop new varieties adaptable to the conditions of Northern Kazakhstan.

It was established that in the 24 cross combinations of the Zara variety with E7 allele showed
dominance to the paternal forms with the e7 allele in the hybrid populations. This variety is not desirable
for crossing when developing soybean varieties that are insensitive to photoperiod.

It is recommended to use varicties of Khorol, 234 and Birlik KV for developing photoinsensitive
lines possessing e/ gene.

Funding: This research was funded by the Ministry of Agriculture (Kazakhstan), Scientific Tech-
nical Program, BR06249214-0T-18 “Development and introduction of new highly productive soybean
varieties with high-quality for various regions of the country that resistant to environmental stress factors
using world biodiversity”.
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1. Maskupar, /I, . Baducexkora, C. B. Junopenko, P. C. Ep:xedacsa

«Kazak erimimiK »9He 6CIMIIK MAapyaIubLIbIFbI FRUTBIMHA 3epTTeyY HHCTHTYTHD) JKLLIC,
Amvaneibak aysLiel, AMaTs! 0OBLIBICHL, Ka3akcTran

SSR MAPKEPJIEPIH TAMJIAJIAHA OTBIPBIIL, KBITAN BYPIIAK COPTTAPBI MEH
CEJEKIUAIBIK JTUHUAJAPBIH ®OTONEPHOAKA CE3IMTAJ E7 'EHI BOUBIHIIIA
HIEHTHOUKALIUAIAY

Annoramus. Kerrait oOypmak (Glycine max) — KpICKa KYHAIK 6CIMIIK, KbITall OYpIIAK TCHOTHITEPI, KYHHIH
Y3aKTHIFBI OJAPABIH KPUTHKAJIBIK Y3AKTHIFBIHAH a3 OOIFAaH >KarJaiaa rylacHy OacKeINIbiHA eTeadi. Ka3akcTaHHBIH
OHTYCTIK affMAKTaphl KpITall OYPIIAK ©CIPiNCTiH HETi3ri eHip Oomsm TaObutaapl, Ka3akcTaHHBIH COTYCTIK aHMak-
TapeiHa ecipyre OciiMacnren Kpitait Oypmrak cOpTTaphbiH IIBIFAPY - €TiMI3 YIOIH MaHBI3ABUIBIFBI 6TC JKOFaphl. byn
Makanaza (OTOMEPHOIKA CE3IMTANABIFBIH OAKBUIAMTBIH F7 JIOKYCHIH AHBIKTAY YINIH, KbITal OYINAFbIHBIH Aara-
aHabIK (opManmapsl MCH CENCKUMSUIBIK JTHHISIAPFA TANAAY >KAcaIbIHAbL. [IepCieKTHBTI COPTTAp MEH JTHHUSIAPIBI
uaeHTH(UKanMIay YIOiH, £7 JTOKYCBIHMCH ThIFbI3 OalnaHbIcKaH Satt100 >xome Satt319 SSR-mapkeprepi matinana-
HBUIOBL. 3epTTey 00BEKTICI perinae Kazak eriHImmiunK »oHEe 6CIMIIK IApyamIbUIBFbI FHUIBIMH 3€PTTEY HHCTHUTY-
THIHBIH JOHIIOYPIMAK O6NIMIHCH KbITAHOYPINAK eCIMAITiHIH 37 COPT YIriiepi MCH 34 CCNCKIMAIBIK JTHHHAIAPHI
amerHAbl. SSR reHoTHIITEY HOTIDKECI OOiBIHIIA, (POTOMEPHOIKA ce3IMTal eMec F7 TCHiHIH PEIECCHBTI alUIeIbaepl
Oap KpITall OypIIAFbIHBIH 16 COPTHI JKoHE 7 CCACKIIAIBIK OV AAHBI AHBIKTAJIIBL, OCHI ATBIHFAH COPTTAP MCH JIMHHUAIAP
(oTomepHOIKA Ce3IMTaI €MEC COPTTApAbl MIBIFAPY YIIIH TCHETHKANBIK PECYPC PETIHAC CEJCKUMIHEPIEpre maiiaa-
JIAHY¥a YCHIHBIIIBL.

Tyiiin ce3aep: KprTait Oypmarst, £7 reHi, SSR-Mapkepaep, (JOTOMECPHOIKA CE3IMTAT EMEC.

1. Maskupar, I, . Baducexkora, C. B. Junopenxo, P. C. Ep:xedacra

TOO «Kazaxckuif Hay YHO-HCCIECTOBATCILCKUH HHCTHTYT 36MJIICCII M PACTCHUCBOICTBAY,
Amvarurckas o01acTs, n. Aimvansidak, Kazaxcrau

HAEHTHOUKAIIUMA T'EHA YYBCTBUTEJIBHOCTH K @OTOIIEPHOAY E7Y COPTOB
CEJEKIIMOHHBIX JIHHUH COH C HCIOJb30BAHUEM SSR-MAPKEPOB

Annortamust. Cost (Glycine max) — pacTeHHE KOPOTKOTO JHS, M €TI0 PA3JIHYHBIC TCHOTHITHI IEPEXOIAT K IIBETE-
HHUFO, KOTZIA JAOJT0Ta JHS MCHBINE MX KPHTHUECKOH MmmHBL FOkHBIE pernmonbl KazaxcraHa SBILTIOTCS OCHOBHBIM
PETHOHOM BO3ACIBIBAHMS UIL 3TOHM KYJIBTYPBI, H AJISI CTPAHBI KPaiHE BAKHO CO3JAaTh COPTA COM, ATANTHPOBAHHBIC K
ycnosmsam CesepHoro Kasaxcranma. B crarse poaumrtenbsckue (OPMBI COM M HX CCJACKIMOHHBIC JHHHH OBLIH
MPOTECTHPOBAHBI MO BBIABICHHIO JIOKyCa F7, KOHTPOJHPYIOETO (DOTOUYBCTBHTEIBHOCTS. [T MACHTH(HKAIIIH
TIEPCIICKTUBHBIX COPTOB M IHHWH ObLIM Mcmomb3oBaHbl SSR-mapkepsr Sattl00 u Satt319, TecHO cHENICHHBIE C
JIoKycoM E7. B kauecTBe 00BEKTa HCCICIOBAHMS OBIIM HCIOIBb30BAHbBI 37 COPTOB U 34 CEICKIHOHHbIC JTHHUH COH
otaena 3epHOO000BEIX KynbTyp Kazaxcrkoro HUMW 3emmienemmsa m pacteHmeBoactsa. [1o pesympratam SSR-reHO-
THUIIMPOBAHUS BBLIBICHBI 16 COPTOB COM M 7 THOPHAOB, MMCIOINNX PELECCHBHBIC aJUICIH T€HAa (POTOTICPHOIUIECKON
HEWTPATbHOCTH NOKyca E7 W 3TW COpTa W CENCKIMOHHBIC JHHHH PEKOMCHAYIOTCSI CENCKIMOHEPAM B KAa4eCTBE
TEHETHIECKOTO Pecypca AU CO3MaHMSI HEUy BCTBHTEILHOCTD K (POTOTIEpHOAY COPTOB.

Kmouessie cioBa: cost, reH £7, SSR-Mapkepsl, HEUyBCTBUTEILHOCTD K (JOTOMIEPHOTY .
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