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Functional Characterization of GmTFIIIC in
Response to Salt Stress
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Abstract: The cultivated soybean varieties are moderate tolerant under salt stress, but soil salinization
seriously threats the soybean yield and quality.Characterization of the salt-tolerant genes might be suitable for
the genetic improvement of salt tolerance.In eukaryotes, transcription factor IIIC ( TFIIIC ) generally interacts
with transcription factor IIIB ( TFIIIB ) on RNA polymerase III to regulate tRNA gene transcription, which in
turn affects protein synthesis.In our previous study, we found that TFIIIC was up-regulated in soybean root under
salt stress.However, the gene function of GmTFIIIC remains unknown under high salinity stress.In this study,
we characterized the GmTFIIIC function in transgenic complex, in which the GmTFIIIC over-expression was
conducted by transforming the soybean hairy roots.The results showed that the Na'/K" of roots and shoots in
the GmTFIIIC overexpression complex were lower than that in the vacant control complex.While the relative
content of chlorophyll and water in leaves was higher, and the content of H,O, and O3 was lower than that of the

vacant control complex, which indicates that the salt tolerance in transgenic complex is enhanced by GmTFIIIC
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overexpression.Thus, the results might contribute to a better understanding of the molecular mechanism of

GmTFIIC in responding to salt stress.

Key words: soybean; salt tolerance ; GmTFIIIC; hairy roots

KRG RE—MEEATRNEFEY, 2R E
FEMAANEY) . TR E XK G T R R AR, (H
A TR A= W38 B i X6 K G 7 R AR AR 2 1 A
FKAGFEE , B0 ER AR K R FE TR AR, (E AR5
A b A K AT 2™ 509% L L He gt R
LM WHS R T £h 5L 13, 5% 00 42 5 K Tt
HEJT o

iz RNAs (tRNAs) 1E A 57 F & A i
A G R BE  RNA (mRNA ) 5 & LR g 1
Ko tRNAs 1 —Ff = B HEAL PR SF I & A ) —RNA
A (Pol ) NI % 10, 18 B AR WP, (RNA 3%
4E Pollll i i %% 5% A -+ ( TF, transcript factor ) IIIC
FVEG Sk Rl TIB Ay, o 2 (87 B4 3R 4 TFIIC
i 3 B PR, L Pol TI 4% S AY 3L R, JF-4R
%% TFIIB #| Pol 111 ) Ji§ 3 ¥, TFIIIC , TFIIIB Fl
Pol I ¥ W% S E U6 52 & 0, I 20 3 R ) e it it
B4 L TFIIC F#E S 4G 8 A R & R )
#H &, TFIIC F13% 5% B9 #H OC A 58 9F % /b, Roberts
VRS A B, TR TERE 40 I v 7 3R B = el
fih 336 5% 20 DNA #5147 . 40 il 58 B PE 2 3 40 F
TFIIC 5 & Pol IIT 5 ¥ kR DNA FO45 4 07 o5, 2
14 Pol I &2 44 %% 5%, W) B TFIIIC 5 TFIIB (1 4
HAERNGER, AT RS AE S I 2 )G, KA 5
Pol 1T, U HATE AR . Gelli 25 % BURN i
ZHIESE San Chi San ( =R =) Ak, 7E & U &
¥ CK60 M4SN M, TFIIC 3 %353k, i BLAN
— S HUR 4% QTL 36 g N7, 136 B TFIIIC Wil Jj
[ISIE

ARV AT A 5T A X K R R R aa
F A TR R S 4L Y 53 A & B, GmTFIIIC %
( Glyma.11G102000 ) 7€ £ W38 45 40 T 76 K AR
o b R R, 3 1 KT 34 log2 (fold change ) i
11.14, {H 2, HHI GmTFIIIC % H 1) g J i% %
FEER W0 B R R A A AR A RGE . ASTFSY
FIH K &R ARAR S ALk & |, 38 3 X GmTFIIC %
R4 3k e 3, 43 B Bt 6 TR e B A 1) Tt 6 8 ),
B A 3 B30 F GmTFIIC FE ThRE., i K & & AR

MRAERRDIRE o5 HETE &4 2 B T
FE PR TR B Fe ik T 3 R ) 4 Ak
535 R A A FF 1R kS99 1= 5 R w147, o] LU
T L TR ROIR AR 7 A, DT PR 3l 9 e R PR P g, LE
U, Ortega-Amaro 2% % ¥, 76 3¢ & vh 3 % 35
AtGRDP2 ] L) $ v i 3 I & & VR AR AR 1 Tt 5 76
77, Tang 25" F| Fi} CRISPR/Cas9 $ R 7F K & %
IRAR 3T 2R R . Glyma.01G165800 3EH, & ¥ T
S 2 AR R AR DGR LR . 534, AR
2 A, ) 1 K R R RAR R R X B PR AT T G
Lk ik, M R LR T RR R 4L T 845 10 O
7%[ 11-12]D

ARAFERE GmTFIIC BT R G R ARMR it %
ik, Eh AR i R SRR R ZE T Na /K i
FAR T B R SRR ; i Rk B A AR
A H,0, 5 O & i I T 25 200 i min v
MR R i B R TS EO0 G i R EKOoR
F o2 B0 MG UL GmTFIIIC LK 3 3255 0 2 48 25
T RERIERE SRR RE T o
1 MREFE
1.1 #HRFEH

K MRk Williams 82, K i ¥ B B Bk M
Trans5o, & B B RN k599, L E w8} v E 40l
Bleg BV E B A bl =R
1.2 XKERZRZRHBHBLAIEE GmTFIIC &EEHFEKiE

S

WK 5 Williams 82 Fh F#%EF + MS Ki 57 3¢ I,
80 mmol/L NaCl 4b #f — Ji, [5] B} % & A & NaCl 1)
X, OB AR K — JE Y 401 % % % Hogland 5 57
W T, 2 %5 80 mmol/L NaCl &b FE — J&, 42 B K o
Williams 82 #E 2. #4 Glyma.11G102000( GmTFIIC )
B R 1 % 3t 51 4 TFIIC-CZ, L) K & Williams
82 Hil & RNA J % 5% 3K 15 ) cDNA Ry 5 #ie i 17
GmTFIIIC 3L 1, AR ¥8 GmTFIIC 1 cds J¥ %)
Wt 59 TFUIC-RT, #E47 GmTFIIC 3 [ 3% 3K 77
Mo RIS TSI LR 1,



6 PR s A T R GH SN F GmTFIIC TIfeWFos 1537

®1 RKEWEAASIMIIR
Table 1 The primers used in this study

EIR7E2N SIMFII—IER 51 (5" -3")

Primer name Primer sequence—Forward ( 5" -3" )

g1 (50 -3")

Primer sequence—Reverse ( 5" -3 )

TFIIC-CZ CTGATGGCGAATGGTGAG

TFIIIC-Xbal-CZ

CGACA
TFIIC-RT TTGCATGAGTCGTATCACA
Consl5 TAAAGAGCACCATGCCTATCC

tcatttggagagaacacgggggactATGGCGAATGGTGAGGGAAG

CCCATGCTAGTTTGACGC

tgaacgatcggggaaattcgagct TCACAAGGTACAATAATCTCTG
AGA

TGGACCAGGTAAAAATC
TGGTTATGTGAGCAGATGCAA

1.3 GmTFIIC EEFRIEHERHE

W4l GmTFIIC KK ¥ %1 ( GenBank & 5% 5 H
CMO000844.3 ) F| ] Primer5.0 i% it — %t cDNA 7
P14 5| ¥ —TFIIC-CZ Fl— XF kL 4 16 5 | 1) —
TFIIC-Xbal-CZ, 7 K & Williams 82 1) cDNA H
F ] TFIIC-CZ 5| ¥ ¥ ¥ & 4 GmTFIIC 3 H 1)
cds A i A BE, [Tk 2979 bp 19 7 B, 4 81U Y
B Ta sal , WP R0 5 B UBORL R IR JBokE
H TFHIC-Xbal-CZ 5| ¥ ¥ ¥ GmTFIIIC J& A 1) cds
J£ %1 (2785 bp ). F Xbal FI Sacl ¥ pGFPGUS #; {4
-/ GFP PIBR, MR R B, I E A B 1T s 79
TFIIC-Xbal-CZ ¥ % F Bt 55 Y) #% GFP ) pGFPGUS
O G B (B V), W R, B B GmTFLIC-
pGFPGUS ki, 1T —PRATHFL AL

|| = -

RB GUS 35S MCS GmTFIIIC LB

B 1 GmTFIIC-pGFPGUS it Fi& iz
Fig.1 Construction of GmTFIIIC-pGFPGUS
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AN 55 B R 65 (1ICP-OES, 3% [F Thermo
Fisher ICAP6300 MFC ) i1 7l AR .25 (i1 Na™ K"
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2.1 KERZR GmTFIIC EEFREHT

PEULER A P15 T 5 400 T K A & RNA,
%% 5% i cDNA %5 — 4% , qQRT-PCR 4 3] GmTFIIIC
FEH RN E AN, 5IE® FE ML, e T
GmTFIIC TE R G LiEZFE (F 2),

by
o

HHx
Relative expression

S =k
chohho o

1EH &
Normal condition
R 3 EH R, BT IS MRK TR RIRA I RNA
Eh3A b3 . 80 mmol/L NaCl, AbFERT[H] : 14 d

The RNA was extracted from the root mixture of 5 plants of each

Ehabrt

Salt treatment

replication and the experiment is 3 replications.Salt treatment:
80 mmol/L NaCl, Time of salt treatment: 14 days

B2 XEWREF GmTFUIC ERREDH
Fig.2 Analysis of GmTFIIIC expression in soybean roots

22 GmTFHICERFE I RIENFHFEREE &AM
BE TR
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PCR #5 il GmTFIIIC 7% s K ¥ E Rk, 45
RN, 52 #XT I VC M L, i %3k & OE1, OE2
5 OE3 " GmTFIIC 3¢ A 43 5| I T 29 4.5 £%.
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Relative expression
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OE
OE1~3: 3 il Ik R ; VC: 2540
OEI-3: Three overexpression lines, VC: Vacant control
3 RT-PCR &M EZARIRP GmTFIIC RIEE
Fig.3 The GmTFIIIC expression of hairy roots
by qRT-PCR
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E¥ &M ik
Normal condition Salt treatment

~ v " ~
OE vC OE vC
B 35 c _ 35 -
=30 a z 2
M : =0 ‘ b
g5 S o5 | )
N ; 20 b 45 <
m B g5 | Es |
§: 2 =ve % 2 15 = VC
-‘5 S 10 | c OE Iy 8 10 + OE
[o) +t o
& o5l 2 5|
=
0 S 0 ,
&~
IEH &M hab E¥EMH b
Normal condition Salt treatment Normal condition Salt treatment

A IEH SR SEIA AL B R TR R B 28 SRR G Ik 51 2K A IR I BARXS 57K 35 C e 28 00 BRFI Ak 5 St )+
LA B ERPAAb 2 : 250 mmol/L NaCl, AT : 2d. OE: i 3Rikbk R, VC: 258X,
AR NGFRFORZE R B (P<0.05), ]
A': The soybean phenotype of normal and salt treatment, B: Relative water content in VC and OE, C: The relative content of chlorophyll
in OE and VC leaves.Salt treatment: 250 mmol/L NaCl, Time of salt treatment: 2 days.OE : Overexpressing complex, VC:
Vacant control complex.Different letters indicate signficant difference at 0.05 level, the same as below
B4 HEMEN GmTFIIC EREREHERNESGHRENZIM
Fig.4 The effects of salt stress on the phenotype of GmTFIIIC overexpressing complex

OE OE vC
e 3o | a\x EH A
Normal condition -\ V Normal condition p
v [#, A
(N A
;3 B A
Salt treatment Salt treatment
A B

BEHLZEHL 3 > GmTFUIC 33 Fh R R A B By 10 AT e, 264 3 MR R R 2
A AR, A DAB K HLO, ik ; B: NBT #iil] O ik
Ten leaves were chosen randomly from each overexpression line and vacant control complex to dye and take photo
for the leaves with the same phenotype after dying within 3 overexpression lines.A : Detection of H,O,
content by DAB, B: Detection of O; content by NBT
&5 DAB #1 NBT #&ill H,O, #1 O; &=
Fig.5 Detection of H,0, and O; content by DAB and NBT methods
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Normal  Salt treatment|
condition

condition condition

HRRoot Z£Stem HLeaf

G3IR HEAR 25 I TE R B AR SR A o R
I FGRLE AR 4 41 Na' /K" Holili 22 5
Comparing respectively the Na'/K ' ratio of roots, stems and leaves
in OE and VC under normal condition and salt stress
6 IEE5ipmBtELETEHITEME
RIEE GHERIRE I Na/K”
Fig.6 Na'/K' ratio of roots, stems and leaves in OE
and VC under normal condition and salt stress
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