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Table 1 Information of the 30 S. guianensis accessions
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AN FIAEAE B AT ey v By AL B B e AR
iR BE IR T IRAL, AEAE R R A B R 1 PR,

12 HEAEHEER S4B

B E R T M g, T80°C/KIB3 min, BE
YR AR B &k 2~3 d. KRR ISR E1/2
Hoagland & 7 P W 9510 d, ARG R REAE B AT 24
WEIREEAL TR, 23545 umol/L KH,PO,(fRBEALFE, LP)
1250 pmol/L. KH,PO,(IE# 472, HP)!'"”. AR [RIREAL
Hi4djE, WEr A, 8. ke RREKS
. dh EEAREE TR BRI A . A b
WEINEYSF EE. ORI R R, R AR TR,
—80°CIRAF, FHFRNAFREL S FE LM T o br. o0
fh B 175 °C T 208 5 R e TS A

1.3 WRAEKSEHM

18 FHFH#54% 12000X L(EPSON, b 50)f#ikEfE 5
AR, FHWinRhizo Proffth/r# MK, 3%
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1.4 RERRBEMK B &

VML 5 b AR R T 7R A BB, FRERL
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1 TF0205 FHIEE N 11 TF0238 R 21 Reyan 2 [
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7 TF0227 aHE LR 17 TF0262 BHE LT 27 TF0387 Z N H L
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0.07 gFf i, L3600 CHKAI10h, IAS mL
100 mmol/L HCUAFEFE S, RAHBIR A, T
Y6 EEHHUV1900i(Shimadzu,  H ) 5E A0 B OGAR I
T R .

L5 HEACHREESR A AT

ML 2795 TR, 2N AL B PR TG R A A
FhBL“TFO277 8 &4 i, ZMITRNzol Universal(Tian-
gen, dbRO)IKAI & B I7E, RBUR R A
RNA"!. % Filllumina NovoSeq 6000°F % (Illumina, 3£
EN AT —AARNA-seq ¥ sk 27 7 i, 07 S ws A
PE150, JFHHdRE it g4 549 2| Clean Data%ll
P5. KM Trinity v2.4.03H17 LS )7 5403, K
TransDecoder v3.0. 150 2H 2% /7 51 i ) 152 A, R FH
Trinotate v3.0.2BEAT I DI AEIERE, RAIRSEM# it
HIEN R IAEFPKME, RHAIDEGSeq2i X} 4bBE2H
A I 2 DR ) ik B EAT LU A AT, ik B g-value )
T0.05 H [log,(LP/HP)| K T 1 [ JE Ry 22 7 3R I8 FE [A]
(differentially expressed genes, DEGs). X % 5 ik 3 [F]
#41TGO(Gene Ontology, http://www.geneontology.org/)
JJREFIKEGG(Kyoto Encyclopedia of Genes and Gen-
omes, https://www.genome.jp/kegg/)il &% 53-Hr, A
Fisherf %, *fP-valueidATHZIESS, LAPadj<0.05(g-va-
lue<0.05) M HIE AT & &t FIMEL T A
SRplot(http://www.bioinformatics.com.cn/SRplot) 4T
GOMKEGGZ RIEKE/R. AR IGEIE D LER

F 2 FEEIER K IHRT-qPCRE|
Table 2 RT-qPCR primers for candidate genes

GEO(Gene Expression Omnibus, https://www.ncbi.nlm.
nih.gov/geo) A HHE EH, 515 HGSE250319.

1.6 friss BN LI585t E B (RT-qPCR) 73 At

{5 FH S 2% 9% 7 B PCRAX QuantStiduoTM  Real-
Time PCR(Thermo Fisher, 3% [E)Fl15E & & Mk &
SYBR Green(Vazyme, B &%)t {75 1%E S KIRT-gPCR 7
Mr, FFUANEAERLSgEF a2y N 225 R T H 538 DR R A 36
s R B R % HCRT-qPCR 5 41 2 7 755

L7 BAmsab B R o b

AT T PEA F8 brAE 3458 B AE X SR 1247 43 4T,
R F A AH X =M B (L P) Ab BEAR/ 1E % B (HP) b B,
HR AR 2B M MRS T SRR R B i A
R HTEETTIE, KA R RE A6 B 5 A i A e o 3t
ITLRE VM T, HE K FMicrosoft Excel 20213H4T
THEAVER, KFISPSS 26.03E 17 54 7347

2 BRE5
2.1 S [R) B B AL B R AR AR K R R A

AW T Se M T AKHBE(S pmol/L KH,PO,, LP)A
1EH (250 umol/L KH,PO,, HP)ALFXI ¢ H8 M
KAHSEFEFR 2B B AN 2 B bR IS, B
IR, (CBEALERHNE] A R B AR, A
MR B MR AR E ST, AR, AR BTt

T BE K 4 R LB P EI(5'-3") TSI YT FI(5-3")
Ul ToH B $h ik ig 1 1-4 TTGGCGGCGATTACCCTCTCTC CGGCGGCGACAATGAGTGATAC
U2 W D(PLDZ) CAAACCATTGGGCTTGGCTC CTTCGGAGGGTTGGTGTTGT
U3 TEEAA2 TTCCCATCAAAACCAGCCGT AGCAGAAACCATGGAGCAGT
U4 KO IEBEIRNT23 ACTCCGATACCCACCACCTT AGCCTTGGATCGGTCATTGG
Us A SPXLEMIRE 1 GTGGCCAAAGTGAAGGTTTCC CAACCGGATGAGAGCACCAG
u6 MYBAHIZEHE FHZml1 CACTGTCTCTGGCCCTTTGT TTTCAATTGCGGGCTGTGTG
u7 WRKY 755 5% 1 TCCAGCGGTATCCATCATCA TGTTGTTCCCTAGCTCATCGT
DIl ATPHf v 56 TCGCAGCAAGTCGAACAGAT ATATGTGCCCTTTCGGTGCT
D2 BRid 5 i CAAGGCAAGAGACGAGCAGA CAACCATCATGCTCCCTGGT
D3 BRI 225 CTGATGCAAAGCTACACGGC CCCCTCCGCGTAGATCATTC
SgEFlaN 53 CACTTCAGGACGTGTACAAGATC CTTGGAGAGCTTCATGGTGCA
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Table 3 Twelve physiological response indices of 30 S. guianensis accessions under low P stress

g U RA A AR AT A B R XL AR

UHAE A B RIRK HEEBUREE WEMTE BTE  BKE  BKE  BaR Ak
1 0.730 0.500  0.739  1.005 0.795  0.760 0.498 1.150 0.230 0.168 0.115 0.194
2 0.604 0.500 0921  2.797 2302 2.022 0.839 1.666 0.173 0.135 0.144 0.215
3 0.566 0.563  0.744 1177 1.154  1.140 0.508 1.307 0.097 0.063 0.049 0.082
4 0.536 0.542  0.782 1252 1.073 0924 0.493 1.076 0.115 0.128 0.057 0.132
5 0.540 1.083  0.683  1.128 1.140  1.150 0.650 1.333 0.124 0.133 0.119 0.235
6 0.567 0.700  0.722  1.724 1.662  1.605 0.674 1.751 0.149 0.134 0.103 0.226
7 0.318 0.447  0.610  1.404 1.388  1.519 0.443 1.225 0.123 0.084 0.054 0.104
8 0.545 0.167  0.660  1.000 0.849  0.794 0.408 0.692 0.222 0.122 0.090 0.092
9 0.566 0.600  0.673  2.152 1.789  1.871 0.679 1.548 0.250 0.146 0.178 0.230
10 0.563 0.750  0.681  2.176 2298 2433 0.670 1.065 0.106 0.118 0.070 0.128
11 0.730 0.688  0.822  1.868 1.626  1.471 0.687 1.377 1.161 0.162 0.811 0.226
12 0.580 0.600  0.769  1.587 1.367  1.179 0.579 1.169 0.126 0.297 0.073 0.328
13 0.611 0.433  0.686  1.884 1.806  1.740 0.678 1.341 0.268 0.100 0.181 0.157
14 0.285 0.200  0.732  1.079 0.950  0.848 0.509 1.010 0.452 0.348 0.227 0.352
15 0.317 0278  0.534  0.870 0.615 0514 0.372 0.856 0.505 0.349 0.186 0.299
16 0.620 0.642  0.660  1.246 1.246  1.405 0.573 1.210 0.152 0.094 0.092 0.102
17 0.280 0.350 0493 0.854 0.430  0.407 0.285 0.411 0.228 0.989 0.065 0.416
18 0.592 0.540  0.693  1.969 1.973 2304 0.715 1.962 0.122 0.076 0.086 0.150
19 0.591 0.768  0.774  2.102 2171 2.243 0.680 2.128 0.127 0.133 0.087 0.272
20 0.517 0.638  0.584  1.080 1.035  1.100 0.509 1.219 0.139 0.064 0.073 0.080
21 1.169 0.667 0923  2.668 2352 1.897 L.111 1.413 0.135 0.095 0.233 0.169
22 0.667 0.506  0.680  1.335 1.436  1.379 0.571 1.312 0.111 0.074 0.065 0.113
23 0.597 0.700  0.748  1.727 1.540  1.513 0.592 1.475 0.181 0.114 0.110 0.167
24 0.429 0.308  0.589  1.185 1.157  1.374 0.409 1.109 0.138 0.063 0.056 0.066
25 0.585 0375  0.673 1306 1.230  1.163 0.440 1.181 0.135 0.095 0.058 0.115
26 0.524 0328  0.824 1492 1.538  1.584 0.813 2.352 0.119 0.078 0.124 0.193
27 0.431 0.321  0.691 1.139 1.024  0.922 0.520 1.103 0.113 0.121 0.060 0.135
28 0.612 0.500  0.728  1.752 1.564  1.492 0.650 1.785 0.223 0.072 0.144 0.114
29 0.465 0342 0.755 1.618 1.466  2.193 0.539 1.298 0.192 0.101 0.107 0.136
30 0.613 0.463  0.883  1.289 1.454 1876 0.660 1.619 0.324 0.200 0.225 0.284
YA 0558 0.517  0.715  1.529 1.414  1.427 0.592 1.338 0.218 0.162 0.135 0.184
?i 0.293 0.376  0.141  0.329 0.347  0.371 0.273 0.300 0.931 1.071 1.033 0.482
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Table 4 Pearson’s correlation coefficients of 12 physiological response indices of 30 S. guianensis accessions under low P stress

bS] AHXS FEXF iRy

g % . : % G g G g o .
e aem eE S0 B ke L R S O
AR 43 3B 0.438"
HA Rk R 0.640"  0.224
MG EAR K 0.574" 03777 0607
AAXHRE TR 05687 04417 0.6027 0949
A AR A AR 0.387" 0367 04787  0804"  0913"
A EETE 07507 04457 07647 08237 08337 06727
MR T 0.342 0329 05617 05507 0658  0.666°  0.676"
AHXHL FEBEREE 0015 -0.071 0.097 -0.013  -0.097 —0.144 -0.018 -0.116
FIXHRE B 04157 —0232  —0372°  -0316 —0467 —0481" -0402" -0516"  0.19
AR BB R 0.29 0.121 0.344 0.232 0.162 0.072 0.294 0.09 09377 0.024
AHXS AR S 2 -0.23 -0.002 0.049 -0.033  -0.147  —0205 —0.012 -0.083 0331 0765 0251
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IR, AR AR 5 AR E 3 E AT X AR
FEAR G IEAR G, AER M b 3 B S A AR EE AR
B E ARG, AR b AR BRI B A b P 5
e Sk 2E TEAH G R R A A 32 5 AR X AR 25 B A
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2.3 AR & PR

B RE MR B, AN R B R i A A
TAEZE R (FRS). HAERT3OL 27 6 38 s B I 176 0.6
PL_E, 43 91°50.732, 0.671H10.649, 3% BHIX 343 5 i1k
WERE Ui, PP YR 5 4 59 “Reyan 27“TF0212Fl
“TF0277”; HE{E R Ja 3L B R BUE I E0.2LL T, 4
57M0.172, 0.160H10.131, & WX 347 Ff i i MG 4 i
55, MBS 25 N“TF0228” “TF0250”
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TR, AR, M 43.33%,; SR A A
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“TFO277"Hi B4, HRETRANAELK, 51F
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N7 108.5%(F2B), TS AR MR EAR . AR
AN T 106.9%, 114.681122.9%(K2D~F). kit
L EHNE] T A AR R B, SR
WAL IR LL, G AL EE R A b 350 AR SR R B2 4 )
> T 87.3%F186.9%(FE2C). 45 EM, M RBEH:AE
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Table 5 Subordinate function values of 12 physiological response indices of 30 S. guianensis accessions under low P stress

SR
WE Mt MRt RAxE dExt AExt daxt 0 gggg XD DR DR g
R EE B Rk Rems ees LEE e SBEE R LLER
il BORE  BRKE AR AR

1 0.506 0.364 0.572 0.077 0.190 0.175 0.258 0.381 0.125 0.113 0.086 0.367 0.303 21
2 0.365 0364 0996 1.000 0.974 0.797 0.671 0.646 0.072 0.078 0.125 0.426 0.671 2
3 0.322 0432 0.584 0.166 0.376 0.362 0.270 0.461 0.000 0.000 0.000 0.044 0.326 19
4 0.288 0409 0.672 0.205 0.334 0.255 0.252 0.342 0.017 0.070 0.010 0.188 0.317 20
5 0.293 1.000 0.443 0.141 0.369 0.367 0.442 0.475 0.026 0.075 0.091 0.482 0.415 16
6 0.322  0.582 0.533 0.448 0.641 0.591 0.471 0.690 0.049 0.076 0.071 0.456 0.503 10
7 0.043 0305 0273 0.283 0.498 0.549 0.192 0.419 0.025 0.023 0.007 0.107 0.297 22
8 0.298 0.000 0.390 0.075 0.218 0.191 0.149 0.145 0.118 0.063 0.054 0.074 0.172 28
9 0.321 0473 0.419 0.668 0.707 0.723 0.477 0.585 0.144 0.089 0.169 0.470 0.517 8
10 0.319 0.636 0437 0.680 0.972 1.000 0.466 0.337 0.009 0.059 0.028 0.177 0.540

11 0.507 0.568 0.766 0.522 0.622 0.525 0.487 0.498 1.000 0.107 1.000 0.458 0.573 4
12 0.337 0473 0.643 0377 0.487 0.381 0.356 0.390 0.027 0.252 0.031 0.751 0.439 14
13 0.372 0291 0450 0.530 0.716 0.658 0.475 0.479 0.161 0.040 0.173 0.261 0.459 12
14 0.005 0.036 0.558 0.116 0.270 0.218 0.271 0.308 0.334 0.308 0.233 0.817 0.296 23
15 0.042 0.121 0.095 0.008 0.096 0.053 0.106 0.229 0.384 0.309 0.179 0.668 0.160 29
16 0.383 0.518 0390 0.202 0.424 0.493 0.349 0.411 0.053 0.033 0.056 0.104 0.350 18
17 0.000 0.200 0.000 0.000 0.000 0.000 0.000 0.000 0.123 1.000 0.020 1.000 0.131 30
18 0.351 0407 0465 0.574 0.803 0.936 0.520 0.799 0.024 0.014 0.048 0.238 0.550 5
19 0.350 0.656 0.654 0.642 0.906 0.906 0.479 0.884 0.029 0.075 0.050 0.590 0.649 3
20 0.267 0515 0.212 0.116 0.314 0.342 0.271 0.416 0.040 0.001 0.031 0.040 0.265 25
21 1.000 0.545 1.000 0.934 1.000 0.736 1.000 0.516 0.036 0.035 0.242 0.295 0.732 1
22 0436 0.371 0.437 0.247 0.523 0.480 0.347 0.464 0.014 0.011 0.021 0.133 0.366 17
23 0.356 0.582 0.595 0.449 0.577 0.546 0.371 0.548 0.080 0.055 0.080 0.289 0.461 11
24 0.168 0.155 0.224 0.170 0.378 0.477 0.151 0.359 0.039 0.000 0.008 0.000 0.233 27
25 0.343 0227 0420 0.232 0.416 0.373 0.187 0.396 0.036 0.035 0.011 0.140 0.295 24
26 0.274 0.176  0.770 0.328 0.576 0.581 0.639 1.000 0.021 0.016 0.098 0.363 0.514 9
27 0.170 0.168 0.460 0.147 0.309 0.254 0.285 0.356 0.016 0.063 0.014 0.196 0.255 26
28 0.373 0364 0.548 0.462 0.590 0.536 0.442 0.708 0.119 0.010 0.124 0.137 0.452 13
29 0.208 0.191 0.609 0.393 0.539 0.882 0.308 0.457 0.090 0.041 0.076 0.200 0.423 15
30 0.375 0323 0909 0.224 0.533 0.725 0.455 0.622 0.214 0.148 0.231 0.623 0.530 7

E 0.076  0.093 0.126 0.085 0.125 0.123 0.091 0.117 0.028 0.026 0.027 0.082
Iy AIN274835811080934, B AREERKFIKE  N791H17054(3K6).

I3 N1237H1875 bp, A ML PR NS 0K 43 )
2175811632 bp. 1ESAFIEFH, g-value/NT-0.05
Hlog,(LP/HP)| KT 1 B2 R A A & 2 e Rk 2L A
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Figure 2 Effects of different P treatments on growth performance (A), dry weight (B), P concentration (C), total root length (D), root surface area (E)
and root volume (F) of S. guianensis genotype “TF0277”. Normal P treatment: 250 umol/L P. Low P treatment: 5 pmol/L P. “*” indicates significant
differences between two P treatments (*, P<0.05; **, 0.001<P<0.01; *** P<0.001)
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Table 6 Transcriptomic analysis of root of S. guianensis genotype
“TF0277” at normal P (250 pmol/L) and low P (5 umol/L) treatments
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Figure 3 GO (A) and KEGG (B) analyses of DEGs in roots of S. guianensis under low P stress
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Table 7 Differentially expressed genes in the roots of S. guianensis under low P treatment
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Figure 4 Validation of DEGs using RT-qPCR analysis. HP:
250 pmol/L P treatment. LP: 5 umol/L P treatment. Ul~7: seven up-
regulated genes; D1~3: three down-regulated genes; “*” represents

significant differences between two P treatments (*, P<0.05; **,
0.001<P<0.01; *** P<0.001)
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Evaluation of low phosphorus tolerance and identification of low
phosphorus responsive genes in various Stylosanthes guianensis
accessions
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Institute of Tropical Crop Genetic Resources, Chinese Academy of Tropical Agriculture Sciences, Key Laboratory of Crop Gene Resources and
Germplasm Enhancement in Southern China, Ministry of Agriculture and Rural Affair, Haikou 571101, China

Phosphorus (P) is one of the essential macronutrients for plant growth and development, and it participates in important processes
including photosynthesis, respiration and energy metabolism in plants. Stylosanthes guianensis is an important tropical leguminous
forage. The adaptability of S. guianensis to low P stress exhibits genotypic variations. In this study, a comprehensive evaluation of
low P tolerance in 30 S. guianensis accessions was conducted, and low P responsive genes were identified in S. guianensis roots. Our
results showed that S. guianensis shoot growth was inhibited but the root growth was enhanced by low-P treatment, and genotypic
variations in low P tolerance were observed among different S. guianensis accessions. Comprehensive evaluation analysis showed
that various S. guianensis accessions could be divided into three groups, including three low-P-tolerant accessions, 14 low-P-
intolerant accessions, and 13 intermediate accessions. Among them, the low-P-tolerant accession “TF0277” can adapt to low P stress
by increasing total root length, root surface area and root volume. A total of 1496 differentially expressed genes were identified in the
roots of low-P-tolerant S. guianensis accession “TF0277” through transcriptome analysis, including 791 upregulated and 705
downregulated genes. Furthermore, genes involved in P mobilization and utilization, P uptake and transport, and P signaling
regulation may play important roles in the adaptation of S. guianensis “TF0277” to low P stress. Therefore, exploring low-P-tolerant
S. guianensis germplasm and identifying candidate genes for low P tolerance will provide elite germplasm and gene resources for
breeding new S. guianensis varieties with high P efficiency.

Stylosanthes guianensis, low phosphorus stress, subordinate function analysis, transcriptome, low P responsive
genes
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