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Cloning and expression of GmNAC73-like gene from Glycine max and its effect on GmIFS2 gene
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Yihong, SHAO Hongbo® ( Provincial Key Laboratory of Agrobiology, Institute of Biotechnology, Jiangsu
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Abstract: In order to study the effect of NAC transcription factor on isoflavone synthesis of Glycine max
(Linn.) Merr., primers were designed according to genome sequence from G. max, GmNAC73-like gene
was cloned from pod of G. max, and bioinformatic analysis of this gene sequence was carried out. The
results show that GmNAC73-like gene includes a whole open reading frame with length of 981 bp, 326
amino acids are encoded. Theoretical relative molecular mass of GmNAC73-like protein is 37 000,
theoretical isoelectric point is pl 6.4, which is a hydrophilic protein without signal peptide, it is located
in nucleus and contains nuclear localization signal “PKRRK”. The homology alignment result shows that
GmNAC73-like protein has a high similarity with NAC protein from Glycine soja Sieb. et Zucc., Medicago
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truncatula Gaertn., Theobroma cacao Linn., Vitis vinifera Linn. and Arabidopsis thaliana ( Linn.)
Heynh., with a similarity degree of 93% , 69% , 73% , 75% and 58% , respectively. In NJ phylogenetic
tree, GmNAC73-like protein, GsNAC8 protein from G. soja and CcNACS8 protein from Cajanus cajan
(Linn.) Millsp. are clustered together, showing close phylogenetic relationship. The semi-quantitative
RT-PCR analysis result shows that at trefoil, flowering and pod setting stages, GmNAC73-like gene has no
expression in root, and has different degrees of expression in stem and leaf, and has a higher expression
in stem; while at flowering or pod setting stages, this gene also has expression in flower or pod, and has
a higher expression in pod. The result of yeast one-hybrid experiment shows that GmNAC73-like can bind
to CGTG motif in promoter of key enzyme gene GmlIFS2 of isoflavone biosynthesis. After over expression
of GmNAC73-like gene in transgenic hairy roots of G. max, except expression of chalcone isomerase gene
without change, expression of other related genes of isoflavone biosynthesis is enhanced with different
degrees, in which, that of cinnamic acid<4-hydroxylase gene and chalcone synthase gene is enhanced
obviously. In addition, total isoflavone content in transgenic hairy roots of G. max with over expression of
GmNAC73-like gene decreases significantly. The comprehensive analysis result shows that GmNAC73-like
may regulate expression of GmIFS2 gene by interaction with MYB transcription factor, and plays a
negative regulation in isoflavone biosynthesis process of G. max.

Key words: Glycine max ( Linn.) Merr.; GmNAC73-like gene; protein characteristics; expression
characteristics; GmIFS2 gene; total isoflavone content

S BRI A &Y, BB A AR A R
(Fabaceae ) #2&H . K 5[ Glycine max (Linn.) Merr.)
Hh S B 5 24 S HA SRR ) 1Y 100 %, iz K5
SE N FEEEYE TR, PRI AT K & 5 B
P T2 Mg K T R RE U R A R
(R i A L AR LR A AR T AR Bh
kO WG ARG R M 4k 2847 Ry 36 sl X A g ) R 4
SERAERRDURYES SR AR SR R T
RIS 73 3 A W, RN BRI 3 2P {2
SR R R N R A 2 i ( PAL) | A AETR -4 -84k
fitf(CAH) Fl 4 -F X4 A JEHW (4CL) fiEL5E
A B A S50 EEAEE A fE AR A R
( CHS) b A= i s JR Bl ( chalcone ) , N7 3E A S #
A i A LR R 1 A KRR 7 i ( CHR) 5
CHS IR A: s TR R | 5 2 ERME R A 1Y 5+
TR T (LFS2 ) AL 5 B ol S B i e g 44 5 1 A 2
) S Ay il ( CHLL) e A 23K W) A4 8 1) 8 e ) 7 40 vt iz
2 (naringenin ) £ H AL G P IEA B LT

NAC £ FR AR B — 25 s R 75015, HE N
W 1 AN E ST R DNA 254 KR 1 M E Rl
SEHN I C i ELA R AR R R SR )
REX ) NAC A EZEEMY AR A H LK
ZE5REERT 5 NAC A FE A Y FEE £
Yilia (55 b A — @ R . BRI R A5 G i
KE GmNACOTT FENTE 12 51 GmIFS2 PR
IR SR A AN, NAC B 7 S P B i i 72

HEH AT g 48

VEHZAETEE K & GmNACT3 ~like HEDH (1 3R |-,
XFHCHEAT A B 2= 0, R 2 i RT-PCR H0AR
ST GmNACT3 ~like R (AL 213K 05, IR FHE
BEFAZRAE AR 0T GmNACT3 -like 115 GmIFS2 J
W gh F Hh CGTG 3 77 19 45 & 1 i, T8 i il 2
GmNAC73 ~like FEPH 32 3 TR X 5 8 T A5 B o 148 S Bt ity
FEPR F TR F B S B = R, LA NAC 2R %%
SRR T2 5 R s 5w A 8 4 T BIL I AR 5T B8 e 3
il

1 MBI %

1.1 ##l
PR Rt Sk AR S 56 28 AR A B9 K 05 AP Williams

82’ ¥,
1.2 FHix
1.2.1 #BAABRAE B KEM AR TSRS

THRES, TR 25 °C |, GBI 16 h - 7' FDGHE
JEE 1000 Ix BYZ0F 557 70 0 7E =0 TFAE 0 R gh
JEWIREEM 25 0F | AERE3E, B TRAPER, I
F-80 CLAAF & H,

1.2.2 % RNA #2H A& cDNA &% ¥ FlEER 431
TEW A BB I fdi ] SV Total RNA Isolation Z3100
System 257 & ( 52 [E Promega /A w]) $#EHUE RNA , T
SRR 1. 5% BrREEE I HL VAR S, RNA BT £ 5
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fii FH R 3% S i ) & PrimeScript Reverse Transcriptase
D2680( A=) T (Ki%E ) A FRA R ) Gl cDNA

1.2.3 RRABEEFI A RIEKGERF AT
(http: // www. phytozome. net/soybean. php) %11 1 %
519 CERSIYFS1 R 5 ~ATGACATGGTGCAATGAC
TCAGA-3', K5 #5120 5'~CTATTTTCTGTCCAT
CTTGGCTTTG-3") , I Ja b GmNACT3 -like FEH . ¥™
HIR R BARFL50. 0 L, f35 ¢DNA 20 ng.5 x Prime
STAR buffer 10.0 pL.2.5 mmol « L™ dNTPs 4.0 plL.
10 mmol « L™ IE M S ¥ A1 [ 51 ¥ 45 2. 0 pl K&
PrimeSTAR® HS DNA Polymerase 1.25 U, FHEZE Kb
JEE50.0 pL, PHGFEF A .95 CHILEE S min, 98 C

*x1

EPE 10 s .55 CHEME 15 572 CIEH 60 s, 35 M
¥, PCR 7= Bl % 422 300 7 4844 pEASY - Blunt
Simple Cloning Kit CB111-01 (Jbnt X4 ARA
FRA D) b, 326 P o 4 S0 B 2 U RHECA IR RN
1.2.4 EXREZESH RAFE R RT-PCR FARXS
55RO R BT 4 BT, LL GmActin (B SRS
XM_003552652) A NZ, F: R4l cDNA 551111519
(K1) VHERRE L Y 8. 94 CHUZNE
5 min,94 C7ZEME30 s 58 CiHk 30 s.72 CLEH 60 s,
328 MEFR, PCR 74 H B AR 3 50 1. 5% Bl
WHEERE FEL UK A TR

ATAEREMASREEXBEEREFEE RT-PCR § B39 F7

Table 1 Primer sequence used for semiquantitative RT-PCR amplification of key enzyme gene in synthesis pathway of isoflavone in Glycine max

(Linn.) Merr.

I3 (5'—3")

Primer sequence (5'—3")

P Gene

IEA 34 Forward primer J 058 Reverse primer
GmActin CGGTGGTTCTATCTTGGCATC GTCTTTCGCTTCAATAACCCTA
GmNAC73-like ATGACATGGTGCAATGACTCAGA CTATTTTCTGTCCATCTTGGCTTTG
GmlIFS2 GACAGACCATCAGAATTCCGTC CTAACTTTGGCATCATCACCTT
GmPAL TAACTGGCAGACCCAACTCC CTAACTTTGGCATCATCACCTT
GmC4H GGTACCTTCCCTTTGGTGTTG TAAATTGCCCTCCTTTCTCAC
GmACL ATTCTATTCTCCTCTGGCACCA CCATACCTCTCCACAGCCTTTA
GmCHS AGTCGTAGTAGACGGTGGAAAAA AATCAGAGAGGTTGAAATGAAGG
GmCHR TCCACTGATGCTCATCCTGAC TTCCATAGCCTCCCATATTCC
GmCHI GGGTTTATTTGGAGCCAGAAG GCCAGAGATTGAATGGTTGAG

1.2.5 BRI EHIE SBIIBERE" W
Ik, N T A GmIFS2 Ji 8hFH NAC 2545 7ok (#
LTS CGTG) B 3 IXH KZ ¥ 51 ( Yeast—plFS2F : ggacG
AATTCATTTTTCGTGATTCATATTTTTCGTGATTCATAT
TTTTCGTGATTCATACTAGTectgg; Yeast—pIFS2R ; ccagA
CTAGTATGAATCACGAAAAATATGAATCACGAAAAA
TATGAATCACGAAAAATGAATTCgtee ), - &% # 3
pHIS2. 1 # Ak I, #49 #1751 20K pHIS2. 1 —1FS2; 7
pGADT7 -Rec2 HFARZ safEN sSAMG A GmNACT3 ~like
ORF J¥%1 , # % pGAD-Rec2 —GmNAC73 —like %M ; ¥4
2 ARG W5 A KB A B v O B BUBTRL ; FH PEG/
LiAc LA B RER bR Y187 , P8 0k 75 Bl 0 15 55
J(SD/-His/-Leuw/-Trp) I,3 ~4 d J& Pk HCPH 1 7€
B RTETRIN 80 mmol L™ 3—AT BBk FE 1% I 5 (SD/
~His/-Leuw/-Trp) ;3 ~4 d J5 MEH IS4 KK M, IF
Mt GmNACT3-like 5 GmIFS2 J3 ¥ CGTG EFHY

RO TENL ., PHERT IR A pS3HIS2. 1+pGAD-Rec2-53,
A% B8 Ry pS3HIS2. 14+pGAD-Rec2—GmNAC73 ~like .,
1.2.6 RHENFHRLLKEZEBLEEN S
WESCHR [ 13 ] M 7 AT R R AIRIR R 1k, it
GmNAC73-like ORF 5|, ¥ GmNAC73 -like A J7 3]
FEREF] pCXSN 9 38 Bk b, I R F R il ik 1
pCXSN—GmNAC73 - like UKL A K MEAAT 18 K599
o BRI AR 1 K599 B iR, 7E LB IR A B %
(E BRI 50 ng - mL RIREZE)H T 28 CEW
K537 48 h, B0 WCAE A, H 10 mmol - L™ MgCl, &
B ORiBEE 0D ER0.5,&H,

P TCTH I K SR FHEF T 1/2MS it &2 T
T 25 °C |, JEIRE] 16 h - A IR IR P 3RS ~
6 d; TIOW A1 T 85T IS AR JIE 701
TR, SR 5 A & i MR BE 4R 250 pg - mL™' 3k
T B AR S B R A Whiter B55256 1 ¥ Bk id
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WO AEF A I oh T 25 °C 5k P RERE SR 17 ~
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WEAT 43 Br, H ExPASy (htp: // web. expasy. org/
protparam ) T5 I 25 A4 58 K P A 7K P, FH Swiss —
Model ( http: // swissmodel. expasy. org) Tl & 1 = 2%
ZE4y, H Signal (http // www. cbs. dtu. dk/services/
SignalP/ ) TIN5 5 Ak, H SMART ( http ; // smart. embl-
heidelberg. de/) T il Pfam 2% #4 38 1 85 71 5 AF W 4%
J WoLF PSORT (http: // www. genscript. com/wolf-
psort. html ) TRV 40 i %€ 47 , F NLStradamus ( http; //
www. moseslab. csb. utoronto. ca/NLStradamus/ ) 75| 7%
EpifES . FH MEGA 5.1 (http . /) www. megasoftware.
net/index. html ) #4H R GV R NJ JrikittTis

1 20 40

VAPTITRPTERNNE -DHRTIAS
'VAPAITPTEMNNT HOHHEG PT
TS-TVIPGEENES -DDETHET
TA----A%KBPA ---i;
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B, R Pairwise Deletion 1 Poisson correction #& 2 |
BB ZEL Bootstrap 54 1 000 ¥X

2 HERFa AT

2.1 GmNAC73-like EE R EMHBHIEB RS
R i RT-PCR $ AR K &2 5 3 v o e 5
1 % cDNA JF4 T HeXF 4550 7R . 1% cDNA 751 5
BlE 2 ( http ; // www. Phytozome. net/soybean. php)
GmNAC73 — like JE H #) P8 7 91 5¢ 4 — 2 dd i
BLASTx IE52 1% 5 9 8 GmNAC73 —like F IR (B 5
XP_003529352. 1), GmNAC73-like 3£ &H 1 K
£ 981 bp M 5E B I L5 EHE (ORF) |, 4ihid 326 2 5
MR, ZHEH gt ) 8 H B GmNACT3 -like #1112
WARXT 3T Bk 37 000, G AF L pl 6.4, T2
RAEW]:GmNACT3 -like 1N RKEE A, TfF >
Bk, ¥ E N TE4E A% | ; NLStradamus #9000 HoAA ¥ &
FiAF 5 “ PKRRK” , 55 S AR IR AL — 2L
ZHEFIIHF AT 4E R (B 1) R : GmNACT3 -
like £ 1 Y24 52 17 51 5 B K 52 ( Glycine soja Sieb. et
Zucc., KHN09961. 1)  #£2E H 18 ( Medicago truncatula
Gaertn., XP _013456941. 1) . 7] A] ( Theobroma acao
Linn., XP_007025530.1) . % %j ( Vitis vinifera Linn.,

60 80 100 120

241 260 280
GmNAC73-like ---ns1fi ool voeeRLuriios ViR DODRNIE PRNNNASAH
GsNACS N--NS TS 0DL YDEERLMSHG T SVER DODNNTE PRSKNASATM
MtNACS GNNSN IS VT TSYENELMINQGHVER D~~~ === ===~ NEADEM!
TeNAC73 P---SQ DTEDRR - --~LENRSRERK S -~ PIARSsSTA R
VvNAC8 ----L3DSLDNK- - -~ SHSRSAERG- - -~ P1 IKS-- -AALVENS| H:
AINAC73 G---- ATAKDRPYLHGLGGGGG--=-=====~ RHLHYHLHHNGNGK

&k h

- 300 320 340

305

GmNAC73-like: K& Glycine max (Linn.) Merr.; GsNACS: B K& Glycine soja Sieb. et Zucc.; MINACS: #EZ H TE Medicago truncatula Gaertn.;
TeNAC73; A 0] Theobroma cacao Linn.; VvNACS ; %] Vitis vinifera Linn.; AtNAC73 . I Arabidopsts thaliana (Linn.) Heynh. ST MR ST X

3, R4 M AR SF X 38K The solid line is conserved region, and the dotted line is non-conservative region.

E1 XE GmNAC73-like EHE5HMEY NAC ZEAHRIFEELLER

Fig. 1 Result of homology alignment of GmNAC73-like protein from Glycine max (Linn.) Merr. with NAC protein from other species
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XP _002278661. 1) 14l rd 5t [ Arabidopsis thaliana
(Linn.) Heynh.,NP_194579. 1)) NAC i H A% &
(4 A AL , A ARLBE 43 51 93% .69% . 73% 75% FiI
58% ;GmNACT3-like 2 B N AR 1 5 B IR
) NAC S5F9350, i C AR b WIAEAE = 25 5, 5 2 M
NAC A 45 H) —3, GmNACT73 -like F A 1E 5 68
i & 5 209 i 2 5 R ) &% 7 NAM 25 14 5§
(Pfam02365) , 4 NAC 5 5 R 7 5 5 1 45 ¥ 1 (1]
2);ZEAM =R ETA o- B p-Pr&, Ik
AN, K SMART T GmNAC73 -like 45 F HAF & H
M2, K IZE S MYB 5 55H FRES HAE (K 3)

1 1 1 1 J
0 50 100 150 200 250 300 350
I E Amino acid position

B2 k= GmNAC73-like & H /I ZHE M
Fig. 2 Domain prediction of GmNAC73-like protein from Glycine
max (Linn.) Merr.
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. SCARYZEYH Textmining ; . H3KIK Co-expression.
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GLYMA13G41470. 1. MYB82 %% 3 X -+ MYBS2 transcription factor;
GLYMAO6G06870. 1. 4T 4t % 4 1t Cellulose synthase; MYB82. MYB82
T - MYB82 transcription factor; GLYMA17G14180. 1. HD1-like E
4 HDI-like protein; GLYMA12G36630. 1. MYB46 #% 5% [ ¥ MYB46
transcription factor; GLYMA07G32250. 1: NAC73 -like %% 5% [H 7 NAC73-
like transcription factor; GLYMA13G27310. 1: MYB46 #: 5HF MYB46
transcription factor; GLYMA04G06780. 1; £F4EZ 5§ Cellulose synthase;;
GLYMAI12G06180. 2; MYB46 %4 5% [Hl F MYB46 transcription factor;
GLYMA11G14200. 2. MYB46 % 5 K -+ MYB46 transcription factor;
GLYMAO8G12400. 1. 24 & 41 Cellulose synthase.

3 XE GmNAC73-like & 0 EEMEHN LR
Fig. 3  Prediction result of interaction network of GmNAC73-like
protein from Glycine max (Linn.) Merr.

2.2 GmNAC73-like EEHIEL X RN

i R H K T GmNACT3 -like 5
HAfth 12 FPAEY NAC FEH MY N] REM (K 4) , 4
/R K& GmNAC73-like 558 K 5 ) GsNACS & [

100 GsNACS

99 CcNACS
MINACS
39 W:CaNACW
CsNACT3
5 ReNACT3
100 TcNACT3
VVNACS
39‘|_‘ MdNACS
72 MnNACS

AtNACT73

0.05

o E R FE N bootstrap T 43 e Datums above the branches indicate
percentage of bootstrap. GmNAC73-like: K. Glycine max (Linn.) Merr.;
GsNACS: Hf K 7 Glycine soja Sieb. et Zucc.; CcNACS . K5 Cajanus
cajan (Linn.) Millsp.; MINACS . #2715 Medicago truncatula Gaertn.;
CaNAC10; &M S Cicer arietinum Linn.; CsNAC73 . &H#& Citrus sinensis
(Linn.) Osbeck; ReNAC73: BERR Ricinus communis Linn.; GaNAC8: #f
#it Gossypium arboreum Linn.; TecNAC73: ] A Theobroma cacao Linn.;
VvNACS . 7 %5 Vitis vinifera Linn.; MdNACS: S Malus domestica
Borkh.; MnNACS8: JI| 2 Morus notabilis Schneid.; AINAC73 . I B 3%
Arabidopsis thaliana ( Linn.) Heynh.

4 XE GmNACT73-like EH 5 EAEEY NAC EBH NJ REH
Fig. 4 NJ phylogenetic tree of GmNAC73-like protein from Glycine
max (Linn.) Merr. and NAC protein from other species

6 2 & & i, 5 A FHE Y K T ( Cajanus cajan
(Linn.) Millsp., KYP76320. 1) . %2 & 15 F1 & W% o
( Cicer arietinum Linn.,XP_004505102. 1) i) NAC & H
WHBRMGEL LR,
2.3 GmNAC73-like BEERHERRIEH

KK E 7 RT-PCR 7 iEXT KEARTF & &
GmNAC73 ~like K PHAEAN [R) 41 270 v ) 2 R M stk A 7 4G
MCE 5), RS R =3 JF 46 9 fn &5 S 1,
GmNAC73-like KL FEAR h JL P ANk |, 78 H Al 2H 2

RS LRSULUPF RS L P

envacrs-io:

GmActin
le— St —ple—— St —>fe— Sp ——

R: 2 Root; S: 2% Stem; L: M Leaf; F: f£ Flower; P; &3 Pod. St; =
1Y Trefoil stage; Sf: FF 48 1 Flowering stage; Sp: 25 Pod setting
stage.

5 AREXBEHRAXERRAL R GmNACT3 -like EE FKiXH RT-
PCR S5 R

Fig. 5 Result of RT-PCR analysis on GmNAC73-like gene expression
in different tissues of Glycine max ( Linn.) Merr. at different
development stages
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T B, . KX GmNACT73-like F PR H) 7 B RN 3¢ 35 S H GmiIFS2 P B2 11 17

WA AT G TEAR A & B W GmINACT3 —like FE R 1 25
A ATk Horp 250 GmNACT73 ~like FEH I 2
IR 5 WL Ah, 76 FF A6 RN 45 5 2 B R 43 S e Ak
G IErh Gk b FE G b Rk AR &
2.4 GmNAC73-like 5 GmIFS2 B#F & CGTG
EF&EEHRIE

NAC A REINZE AL S A% X 38 CGTA BY CGTG

FE % GmIFS2 (Glyma. 13G173500) Ji 317
GGG 2 000 bp) B4 BT 45 RE W], HA
ARE MRE 1 HD-ZIP %45 & oo, WA 7E -1 369 {if
A 14 CCTG HF N (K 6-A)
FHBEBE B 2% 58 (1) J7 ¥ K I GmNACT3 - like 5
CmIFS2 JAsh FIIZE AL, 4558 (E 6-B) B/R . 1
N 80 mmol - 17" 3—AT % 5k f& Y (SD/-His/~Leu/

A |HD—ZIPH MRS H MRS |—| MRE H MRE |—| CCTG H ARE H ARE H MRS |—| ARE )—

—-1995 -1905 -1880 -1536 —-1454

B SD/-His/-Leu/-Trp

pS53HIS2.14pGAD-Rec2-53

pS3HIS2.14pGAD-Rec2-GmNAC73-like

[FS2pHIS2.1+pGAD-Rec2-GmNAC73—like

-1369

-1193  -1157 -1018 =520 ATG

SD/-His/~Leu/~Trp+80 mmol - L' 3-AT

pS3HIS2. 1+pGAD-Rec2-53; BHM:XTHR Positive control; pS3HIS2. 1+pGAD-Rec2-GmNAC73 ~like; BAPEXTHR Negative control; IFS2pHIS2. 1+pGAD-

Rec2—GmNAC73-like ; SZ5:4H Experimental group.

A: GmIFS2 J3 sh F X AE FH AT J0F cis-acting regulatory element of GmIFS2 promoter; B: GmNAC73-like 5 GmIFS2 JA s FH CGTG #7455 15
JIE4EH Confirmative result on GmNAC73-like binding to CGTG motif in GmIFS2 promoter.

B 6 GmIFS2 REhFH CGTG EF ML AR GmNACT3-like 5§ CGTG EF5 & HKIE
Fig. 6 Site of CGTG motif in GmIFS2 promoter and confirmation of binding of GmNAC73-like to CGTG motif

~Trp) AR 725 L, BH A X #8 (pS3HIS2. 1+pGAD -
Rec2-53) ") HIS2 5y 20 (IFS2HIS2. 1 +pGAD —Rec2 —
GmNAC73 - like ) 1) T #k ¥ fg 2B &, 0 B 7% % R
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Fig. 7 Effect of over expression of GmNAC73-like gene on expression
of key enzyme genes in synthesis pathway of isoflavone in transgenic
hairy roots of Glycine max (Linn.) Merr.
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Fig. 8 Effect of over expression of GmNAC73-like gene on total
isoflavone content in transgenic hairy roots of Glycine max ( Linn.)
Merr.
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