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Abstract: Plant hormones play important regulatory roles in crop growth, but the relationship and mechanism
by which exogenous hormones induce the growth and development of Caucasian clover root tillers are still
unclear. In this study, the effects of indole acetic acid (IAA) , cytokinin (CTK) and kinetin (KT) on the
growth and development, endogenous hormone content and expression of related genes in Caucasian clover root
tillers were compared. The results showed when the concentration of IAA was 8.0 mg-L ™', exogenous IAA
treatment had the strongest effect on the growth of Caucasian clover root tillers. And when CTK concentration
was 100.0 mg-L.", exogenous CTK treatment had the strongest inhibitory effect on the growth of Caucasian
clover. Exogenous KT treatment had the greatest effect on the growth of Caucasian clover root tillers while KT
concentration was 0.5 mg-L™". Compared with the control group, exogenous hormone treatment had a signifi-
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cant effect on BRI1, AP2/ERF, KNOX, MAPK gene family, PAL, POD and other related genes. In conclu-
sion, 8.0 mg+L."' TAA and 0.5 mg-1." ' KT work best. This study provides a practical guidance for the artifi-

cial propagation and rapid grassland planting of Caucasian clover.
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Table 1 Hormone treatment groups

REPRZH Treatment ¥ Z ¥ Hormone concentration/(mg-1L~")

CK AT % (Not added)

IAA 2,4,8,16

CTK 50,100,200,400

KT 0.5,1,5,15
IAA+KT IAA:2,4,8,16 KT:0.5,1,5,15

TE - TIA KT AR B v 4 b B8 0 P C X, 26 16 4> A i 4
Note: IA+KT, each concentration was combined in pairs, a
total of 16 groups

1.3 #HREEMLSH

KA FRZH 43 0 TR SR B A 10, 15 R0 20 d W A2 A
PR 9 PR v A R, AR AR 20 d ISR A AR L )
FE i T UK T AR DR AF L 5 — EB 43 7E — 80°C I I
T VKA B TR AE , LA 5 2200 BT, ELAAR 45 048
W72 T LT .
1.3.1 A KE4aanE e ALK 10,15,
20 d B, £ e RN 8 Ak DA i T 380 R S v A1
F AR R B AR B A R AR K 20 d BB iR 4
NGO PR Uk T R R S BB K 5 AR A
T BR ARG 20 d B 8 H R B 4 BRI S ER S 8 AR
A FREY N FPRE N AR A AR W KRR ML A4 BR
HEARBEE NI A T E R e A
HRA K 20 d i BURT BRI R B i KOF BARE
Hi b oy A R R A K 20 d B LK L B S
MR AT RS RSB O -5 5 DA
T AR AR R R A A S BRI
1.3.2 ARZEEAEFMNE KRB0 g A FE
BT 10 mL 802 Ay H B TR (2 1098 ) b, 4°C i O
CE R A2 hJF A 0. 2 g 38 B R &4 Sk
W% k¢ B 4 5 10 min, FEASAE 4°CTF BL 5000 X g £ L
15 min /5 B INA 5 mL FEE . BRSO, BBV .
WA TR A pH=3 ) Z. 1R Z. Tk & v i
A3 W s HIRAWRTH, A 1 mL B B S o 58
(0.45 pm) o R FH w5 250 A 0 15 125 000 7 A A v oy R
ERER MM RER KR A AER(GADE
B WA E N 100% H B -IK-VK R, B R
0.7 mL-min™", & B 40°C, # K 254 nm.

1.3.3 AXAEEEFNE FKIO.2 gt HFE
i, JH 1 mL RNA R AFES FEHCRNA . HARHERAE
IR AT 200 pl k3% # bR 15~30's, 0K 1k
B 5 min/54°C.12 000 rrmin .15 min &0, BUix
JZAH 200 pl BFTESO . A 200 pll ST BE, IR FITER
AJCE T EED , 7K FiE 10 minJ5 4°C.12 000 r-min ',
10 min &0, £ Bl A 1 mL 75% B L EEBR I,
4°C 8000 r*min .3 min & >, 2 L5, EE WK,
RNA T3 B T J5 A 20 L 8 4l K J5 {7 3 o 5
J2 B S AR 0] B R B 5 cDNA L AR 514 (%
2) 47 qRT-PCR & it .
*2 EE3MFI

Table 2 Sequence of gene primers

SRS (5'—=3"51 475
Gene (5'—3")Primer sequence
BR-F GGAGGAAGTACGCTGCATGA
BR-R AAAGCCGGGAAGCAAGATCA
AP2/ERF-1-F TTCACCGGAACCGAAACCC
AP2/ERF-1-R CAGCTGCAAATTTCCCCCAT
AP2/ERF-2-F ACCTTGGGGAAAATGGGCAG
AP2/ERF-2-R GGCAGCCGGAAAAGATTGAA
KNOXI-F GATCGCTACTCACCCCCTCT
KNOXI-R CCTGTTATGCCGGTGCTACT
KNOX2-F GATCGCTACTCACCCCCTCT
KNOX2-R GTCCTGTTATGCCGGTGCTA
MAPKI-F AGATCGCTACTCACCCCCTC
MAPKI-R TTGTTGCGGTGGTTTTCACG
MAPK2-F GACCACCCCAGACGGAAAAT
MAPK2-R TCTCCGAGGATGCAACCAAC
PAL-F AGTGCCGAGCAACATAACCA
PAL-R GCACCGTTCCACTCTCTCAA
POD-F AAGGTTGTGATGGCTCGGTT
POD-R TCTGCACAAGAGACGACACC

TAATGCACCGAATCCCTCGT
GAATGCAGATGACCGGTTGG

internal reference-F

internal reference-R

1.4 BUEZITHH

f# Fl Excel 2010 % {4 A R i 75 28 17 %5040 b 31
fdi 1l SPSS 21. 0 MUK 347 J7 22 430 M7 , 2 0 L B0k
T f /N 8 3 22 B ¥k (Least significant difference,
LSD#).
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AN T] e BE A A TR TAA L CTK A KT 4b B X &5
R AR EBE MR NE LR, 55X R4 A
Fe,8 mg-L ' TAA fy kb B 20 XoF A8 Bk 00 Bk 5 AR K
LB A AR MR A R R 5 A
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FH BT AR R ) AR KSR K. 0.5 mg-L ' KT &b
PRI X R RR AR AR B b R LR
T A Wy A AT 2 A R D (R A AR R
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[T R A 17 A B /T 1 o R L 157 A B 7/ i
G BN E . 5 SERFSE T AR R A ik R R
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KT, XHAE R 47 A [R) e B AR A2 A i R b 3, 55 %
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Yy AR R I A R R
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AN ] A0 U5 R 6T e i 2R = i R AR BE 2F N R
FHmAEmmE 2 s, 554, 8 mg-
L' TAA Kb 3 28 FB T &b 35 38 Jin Al bk 9 R TAA % &
(P<<0.05),100 mg-L ' CTK #1200 mg-L ' CTK
Aib B2 FT A AR AR R YR TAA % 5 (P<<0.05) .
B — RIS A A PR CTK & 384 B R,
H1 2 mg-L ' TAA .50 mg-L " CTK 4b B 41 %% 3 %
. 16 mg-L ' IAA 400 mg-L~' CTK il 15 mg*
L KT &b $4 #S w385 m N I ABA & &b, A 4 21
HE A TR, B—ERAHE & A GA,
BRI A BTG, b 200 mg- L CTK 4b B 41 3%
R 3 (P<0.05) . JFZEoE T2 & ¥ E X &
R RENEBENEN, AR ELHEE N
TAA 7 i 5 BALAH L ¥ A i . 5 mg-L" 4b
IR KT 4b FEAH b, Bl G SR IR TAA W 0 T, N R
IAA & R, o, 2 mg-L ' TAA F1 5 mg-L !
KT 2 & MEABANIEIAA & ERm. JME 16
mg-L ' TAA &b 20 35 ] B4 i A ik N R ABA 7 & .
WIE GA, & S5 X A A H  BR T 2 mg- L' TAA Al
0.5mg-L '"KT & A AbH 4 ] DL E 4R T GA,

S b, HoAh 45 b PR 2 38 2 R AR A RR N TR GAL#
H(P<<0.05),

2.3 HEYBELETERIERENERS ST RIEX
57
2.3.1 F—HYBERLETEIBIFANG IR S
M B AR KM AT X — R AL BT 45 48 AR AT
F A5 B 3AD, F2 B4y 1A L4y 2 19 PCA &
B R B — AN R R A B ALY A5 1) A0 A 5 IR
— PR R . CTK b 38 40 1 25 [8] 43 A AHXHEE v, A1 I8
TAA LA F AR IR KT b P2 5 S JE CTK Ab P 2
FH G B X PR A s A7 5 ki B

A3 A R (B 3B, B — B R A b Hi 4 2
[ETRVE R 7 A o ST AN S o 7 = L s O 1 o 7
i R ER A A W i AR R LA B R i D AR R
BRI AR 56, H b R EE R0 L M L RN
by b SRR | P R A A K s R B A
BE ARG, MBS &2 AR EME, K
PCTK A GA, S EHCHERAR N EE. TAAS
25 T A A i b A e B R Y IR AR OG . AR
T AR B T M R HEOR0AR T 2 Ah Y AR K dE AR R B
55 1 AH 56, S M T HE A A0 AR T B A 5 1) £ A
2.3.2 A AMERET RGN ERSD>NA
8RS XMEGMBEAMAKREIRFET T E
G353 A CEELAAD | A58 R Ab 3140 1) 25 (8] 53 A1 FlXF
WRZH A — 8 BB, 3k — &5 S R B — 0 3% A 3L 4 A
. Hr2mg- L' TAA F116 mg-L ™' IAA 5 KT
G b B A0 A3 8] 3 A B B b, 50 B AH AR R
B, 4mg L 'IAA M8 mg-L 'IA ASKTE A
Ak B 2H 5 X HE 2 R I A

A PE T R (K 4B) , B A MR K b 2>
V) LR 1) 24 A #0381 A G Hep AR K Fe A
CELfEtR e iHE i ER AW R A
AR A B DA R R ) AR 2 B A i Y O
e, FEMESEZN,CTKHMABA .CTKfl GA,
A S WA 583 1) T AH G, T G Al 98 3R A A R 55 1Y R
G, MRS S5 ERKIEIRZE L BR T IAA FlH
FE CTAA I A H# CTK Fkkf CTK FIZHR &
ABA Fl & I A A F5 A5 A8 328 B 58 1Y TEAH OGP =2
b, A 2% 3548 Fr 24 2 B TR OGS
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Physiological indexes of Caucasian clover treated with different concentrations and different hormones

1

Fig. 1
KR NG FRE R

o B AR A R A e, B0 mg - L

R
Note: Different lowercase letters in the figure indicate significant differences between the measured indexes under different hormone treatments

H 2 (P<<0.05), iE Ak #

[k 22 ¢

ANTF] R Ak BT 0 SE 4 b

VAN

(P<<0.05). The numbers in the abscissa represent the concentrations of different hormones in mg+L ™"
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Fig.2 Changes of endogenous hormone content in Caucasian clover treated with different concentrations and different hormones
T OR[N B 378 AN [ 3% Ak B 00 7 45 ) 22 5 i % (P<<0. 05)

Note: Different lowercase letters in the figure indicate significant differences between the measured indexes under different hormone treatments

(P<<0.05)

2.4 SMEBEREXNESMNR=MHEREFEKIEX
ERREENHIT

M ESA-C /] LLFE 5 — TAA KT 5 IAA Al
KT & 4 & ¥ %0 vh BRII, AP2/ERF-1 5 AP2/
ERF-2H L T X 41 18 3 1y (P<<0.05), &l 5D-
F Al LA B — TAA Zb B4 1 KNOX-1, KNOX-2
HMAPK-1335 5 LT % A3 I A8 4k 5 B
— KT AL B4 5 IAA FIKT & & A B4 b, KNOX-
1,KNOX-2 5 MAPK-1 %3k 5 H [ T X% B 41 & 4
W2 LI (P<<0.05) . MK 5G AT LLA = ik 34

HEHRFHAFE S WEISH-TALLE ), B—
TAA b B2 v PAL JE PR 3 3K i 8 35 F 08 28 00 fid 4
f9°0. 66 % (P<<0. 05, 1ii POD K& A 2% 35 £ 41 1 T %
WL A W ARk B — KT AL P4 b PAL 3 M 3%
ik NI R X ALK 18. 85% , 1 POD it M &
ik AT A B BT 2. 28 £%5 (P<<0.05) 5
IAAFMKT E G A , PAL BN R L ZERET
P =X B AL 5. 29% , 1 POD i [H 32 35 7K - 4 b
T B WA B AR AR (HORE B — KT A 3
ATl 5L PR 1 8 2 R R (P<20. 05D
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Fig. 3 Principal component analysis (A) and correlation analysis of physiological indicators (B) among groups treated with

single hormone
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Note: *, ** and *** in the figure indicate that the correlation levels are 0. 05, 0. 01, and 0. 001, respectively
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Fig.4 Principal component analysis (A) and correlation analysis of various physiological indexes (B) between groups treated
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Note: Different lowercase letters in the figure indicate significant differences between the measured indexes under different hormone treatments

(P<<0.05)
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