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Cloning and Functional Analysis of Nitrogen Deficiency Induced Gene
SbMYB-like in Sorghum
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(Liaoning province key laboratory of crop molecular improvement, Sorghum institute of Liaoning Academy of Agricultural Sciences, Shenyang 110161)

Abstract: Nitrogen is one of the three essential nutrients which ensures stable and high crop yield. Sorghum is the fifth most
important cereal crops in the world and shows strong tolerance to low-fertility soil and drought. Although the nitrogen signaling
pathways in Arabidopsis and rice are well investigated, its mechanism in sorghum remains largely unknown. Deciphering the nitrogen
deficiency inducible genes will help to analyze the molecular pathways involved in sorghum nitrogen absorption and utilization. A
member of MYB_related transcription factor family, SbMYB-like (Sb03g030330) was identified based on the global gene expression
profiles of sorghum seedlings under nitrogen, phosphorus, and potassium deficiency conditions. SbMYB-like was found being
inducible by nitrogen deficiency in shoots, and its deduced protein SbMYB-like was predicted to be localized in the nucleus.
gRT-PCR analysis showed that the transcripts of SbMYB-like were lower in roots, stems and flowers, whereas abundant in leaves.
Phylogenetic tree analysis indicated that SbMYB-like was closely grouped with its homologs in maize and Brachypodium, and both
homologs were inducible under nitrogen deficiency condition by gqRT-PCR. The SbMYB-like coding sequence from sorghum BTX623
variety was isolated and transformed into Arabidopsis driven by a constitutive promoter. The growth parameters of SbMYB-like
over-expressing plants under nitrogen and phosphorus deficiency conditions were measured. The results showed SbMYB-like was

involved in root elongation and flowering independent of the environmental nitrogen levels. Collectively, this study provided basic
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data for analysis molecular mechanism of sorghum response to nitrogen deficiency.

Keywords: MYB_related; transcription factor; nitrogen deficiency; flowering; root elongation; sorghum
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Table 1  Component of sorghum nutrition solution

TR BEBIREE (M) ZIREE (mMD BRI SY2H
Element Concentration of stock solution Final use concentration Group of stock solution
MgS0.4.7H,0 0.547 0.5470 |
(NH4);S04 0.365 0.3650

KH,PO4 0.182 0.1820 1l
KNO; 0.183 0.1830 1
Ca(NO3)2.4H,0 0.366 0.3660

MnCl,.4H,0 0.005 0.0005 v
H3;BO3 0.03 0.0030

(NH4)M07024.4H,0 0.001 0.0001

ZnS04.7H,0 0.004 0.0004

CuS04.5H,0 0.002 0.0002

NaFe-EDTA.3H,0 0.100 0.0400 \%
MES 0.500 2.0000 \
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Table 2 All Primers used in the study

514 FHI(5-37) i

Name of primers Sequence(5°-3°) Use
SbMYB.F ATGTCTGGGTCCAGGAACTCTT FERERED Y
SbMYB.R TTAGTTCCAAGCTCCCTGTGTG

Bradi2g45770-gRT.F TTTGCACTGAATGTAACCTCC £ PCR 5|41
Bradi2g45770-gRT.R TCCGATCCTAAATTGTTGTCGAA

Bradi2g45780-gRT.F AAGCATACCGATATATTGTGA £ PCR 5%
Bradi2g45780-gRT.R AAGGCGGATTTAATTTAGCAA

BdUBC18 qRT-PCR.F GTCACCCGCAATGACTGTAAGTTC TR R R R

BdUBC18 gRT-PCR.R

TTGTCTTGCGGACGTTGCTTTG

A€ & PCR 5|4

UBC.gPCR.F CTGCGACTCAGGGAATCTTCTAA R B R
+ PCR 3%
UBC.gPCR.R TTGTGCCATTGAATTGAACCC
ShActin.F ATGGCTGACGCCGAGGATATCCA ERhE R
PCR 514
ShActin.R GAGCCACACGGAGCTCGTTGTAG

Sh03g030330Kpnl.F

Sh03g030330BamHI.R
Sh03g030330 94qRT.F
Sh03g030330 94gRT.R

AAGGTACCATGTCTGGGTCCAGGAACTCTTC
AAGGATCCTTAGTTCCAAGCTCCCTGTGTGT
CGCCGCCATTATGAGATCCT
AGTTCCAAGCTCCCTGTGTG

H R A 5

EH PCR 3

14 ARTEMETON . WHRREMTUN . F5IBRECAZE LR 4
5T G5 R IR A 2R 27 CDD il Chttps://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi) . &K 4
i 52 3748 ] Euk-mPLoc 2.0 Chttp://Awww.csbio.sjtu.edu.cn/bioinf/euk-multi-2) . %3 AN [E] 4 b (7 Y5 3 R4
RMHEW R, #UFETF Chttps://www.arabidopsis.org/) - 7KF&(https://rice.plantbiology.msu.edu/) . Tk
Chttps:/www.maizegdb.org/) . =% 75 LA S — A% 44 5 1 Chittps://phytozome-next.jgi.doe.gov/pz/portal.html)
FHNE Rl AT 2 RV 3L R BLASTP #%R . ITA7 I N e 2 R 2w i 2 B2 F7 91 F Clustal X 1.83 B Fi3E4T



HIERAC, @i MEGAT.0 B iR AR 45 (ND) HEAT#HME M EE, ¥ & bootstrap 24 1000 7K.
2 HGR55H
21 ERRERFIEMEEZNN

PL BTX623 f e W B A E T, Hb B384 A8 RNA A 55 —4E cDNA R, 48 L T i 4%
SEAZ %751 (https://phytozome-next.jgi.doe.gov/pz/portal.html) #5147 PCR 718 (% 2) , 3KEH
bRg& e, WIFPARIN T SOMYB-like JE[R 741 o 1ZFEM4uf | 87 NI E AR, SHMAMLL, £WHZ
FEREA W& FAE — MR it NCBI R S 25 i 3848 28 A, o ik R g ts 7 — > SANT/Myb-like
DNA-binding domain &, Z45MAESS 16 A7 2R 215 60 A7 2 BR8] 53 4N F V.40 i i o7 500k
% Euk-mPLoc 2.0, Rl %% P8 g it 2 8 o7 T4 M % o

t L 2In b i = & 0 & &
Query seq, NMEGERNSSRNYNIODSNWEKKRENKLFEEALACYGEGTPFDRYVHKYARANGGIKTADEYRRHYEILNDDY TLIESGGYPFRPNYNTOGAUWN

Specific hits
Superfanilies SANT superfamily

1 SbMYB-like £E 4D E B R TFLEMI T
Fig. 1 Conserved domain analysis of SbMYB-like
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SbMYB-like F:FI 44135 qRT-PCR 434 S, i B#5k: 1R#: Stalk, @RZEFF: Flag leaf, JHt: Young flower, %ifH.
gRT-PCR analysis of SbMYB-like tissue expression. S, Shoots; R, roots.
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Fig. 2 Expression pattern of SOMYB-like.
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Bradi2g45770
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AT1G75250

A: SbMYB-like(Sh03g030330)15 & 10 A [FIVE AL K & 1 /5 KT, 4332 3K E T 4211 Sb09g028790, K H GRMZM2G049378 Fl GRMZM2G121753,
TUE RN R R Bradi2ga5770 I Bradi2ga5780, 4T Seita.5G260200 Al Seita.5G259700, /KFEH LOC_0s07g26150 Al LOC_Os01g47370, A7
AT1G75250; B: SbMYB-like 5H & 10 A EVGIE R BRI EE .
A: Protein sequence of SbMYB-like (Sb03g030330) aligns with other 10 homologs, namely Sh09g028790 from sorghum, GRMZM2G049378 and
GRMZM2G121753 from maize, Bradi2g45770 and Bradi2g45780 from Brachypodium, and Seita.5G260200 and Seita.5G259700, LOC_0s07926150 and
LOC_0s01g47370 in rice, AT1G75250 in Arabidopsis; B: Phylogenetic tree construct of SbMYB-like and 10 other homologs.

& 3 SbMYB-like S5EIEEEE R FHIBLEL R FHH 547 .

Fig. 3 Protein sequence alignment of SbMYB-like and other homologs, and phylogenetic tree analysis.
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A TR SEACEE 7 KM R, bar=2cm; B: T RRETANRL DA [ VR IE 2 S S 15 0L gRT-PCR 44T
A: Shoots phenotype of Brachypodiumunder nitrogen deficiency conditions for seven days, bar=2cm; B, gqRT-PCR analysis of two homologs under nitrogen

deficiency conditions in Brachypodium.
El4 SbMYB-like £ —FEEME N RIREEZREFFHERAIM.

Fig. 4 Expression of SbMYB-like homologs inBrachypodium under nitrogen deficiency conditions.
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Fig. 5 Expression of SbMYB-like of overexpression plants in Arabidopsis.
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A-C: Col PR J¢ 5 4> SOMYB-like fURI S IE MR RAEIEH 2615 1 CAD S BRESEAT T (B FBRBE S N (CO R K AY; D: Col B4 ALK 5 4> ShMYB-like
A /FEITER RTEARFAL B N MK LS E: Col B4R K 5 4> SbMYB-like L1 g FF i 1A R R FARTE SRR BE 2614 75 S B0 s 1 b 4]
it
A-C: Root phenotypes of Col and five SbMYB-like Arabidopsis overexpressing lines under normal (A), nitrogen-deficient (B) and phosphorus-deficient (C); D:
Primary root lengths of Col and five SbMYB-like Arabidopsis overexpression lines under different treatment conditions; E: Ratio of primary roots induced or

inhibited under nitrogen or phosphorus deficiency conditions of Col and five SOMYB-like Arabidopsis overexpression lines.
El 6 SbMYB-like #lF T BFRIAMKAMARE . RMFH TRESH.
Fig. 6 Performance analysis of the roots of SOMYB-like Arabidopsis overexpression lines under nitrogen and phosphorus deficiency

conditions.
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Total leaf number

A BPAER K4 ShMYB-like #U R TR IS MR RAE BT LM 1/10 ZUKF FIFAER R AY; B: BFAEAL K HiA> SOMYB-like UL B IR A Mk RAE R TS AL HN 1/10
RUR R IT AL S a2 H it
A: Growth performance of WT and two SbMYB-like Arabidopsis overexpressing lines at flowering period under nitrogen sufficiency and 1/10 nitrogen level; B:

Number of rosette leaves of WT and two SbMYB-like Arabidopsis overexpressing lines at flowering stage under different treatments.
7 SbMYB-like AR BRILMK RTER B FKF T FIERTE 734

Fig. 7 Analysis of flowering time of SbMYB-like Arabidopsis overexpression lines under different nitrogen levels.
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FI OE30-3 MR R AMEHAEH, HeEtk REEAMTEEZER . MIXH KR OE6-2 fl OE30-3 Kik&E &



SIPAR R, —> 6000 f%, —> 3000 fF, WREIZIEKINAR RAEFHKAEA, FFEREFFRILELT]—E
BB A B AR . B LT, B AT AT 1A BB T, i1 MYB-related X A5 TaMYBT72,
S KFEFF AR HEAE RIS, FRA1I0RF 58 2 W) SOMYB-like 2RI ZE LB I i U ASR T AE, S EIA R
MBS RIR R, HIXEFEHIFARBARAKPRMNER . JRE SbMYB-like FEKI5Z R A 5 ELHE T, £EHU
B ST R IE R R IR AR AR R KBURR T AL, 45 AR X Le/E H 5 7 R R K.
Ko iR SOMYB-like 540 ra I Hr E PR 4 5 2 1 FIAHALLBEAIS, 0L RA 7 AR AT R ik (R ) (R BE R, Tf
TE FOKAN RN B A S AR 2 R (8 3D, M BB IR (R D Re AE SR XTI R A R A A R o BRI s 5
SbMYB-like ZEALLRE I+ H IS, SR DL TG R EA R T AP B R AR T RE . T8
BAEmRE . KD AT Z R R DRI, A A vl RefET iR N 2 5w Qe sh 05 5 e B2 7 AL o
H—J5Mi, MYB-related ik RAEM) 12, B 5RAREEE. gL ERarms® ™10, g
R AR R AT AE (it vl B J8 T A4 E H, K oRidid RNA-seq. Chip-seq 58 AR F Bt — D240 1% 3L DA i 4%
X286 B T ] B R R D g o R4 SDMYB-like P = AR fy vh ik, N — BT E B AR i e [
SIS b, AN RE . BT ESERSET b ZERRRER R, KKATaeH T8
BRAKEHEY), SRBRAME, e oRilReR, BERsm8dED.
4 Z5ig

TE Qe T B B DL R SR R A 1 v 45 8 B — AN 2 R R 15 S I S K1 SbMYB-like J:[A, 1%
PRI T KR AT B 1) [ RE DRt R R 32 R S 25 5, EUL R I Hh AL SbMYB-like ZE[H, 3%
fRHE T30 I FARMAC LA SRAERTT A, (R E F IR AN R B R AT, RN LR AR R AR
THAEH BSOS EE ], AT SR R 2 b v BB B N T LA A Rt — R AT 9T
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