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Ectopic expression of archaeal TRAM-encoding genes in rice
Improves its drought-tolerance
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Abstract: Drought stress affects the growth and development of rice, resulting in severe loss in yield and quality. Ectopic
expression of the bacterial RNA chaperone, cold shock protein (Csp), can improve rice drought tolerance. Archaeal TRAM
(TRM2 and MiaB) proteins have similar structure and biochemical functions as bacterial Csp. Moreover, DNA replication,
transcription and translation of archaea are more similar to those in eukaryotes. To test if archaeal RNA chaperones could
confer plant drought tolerance, we selected two TRAM proteins, Mpsy_3066 and Mpsy_ 0643, from a cold-adaptive
methanogenic archaea Methanolobus psychrophilus R15 to study. We overexpressed the TRAM proteins in rice and performed
drought treatment at seedling and adult stage. The results showed that overexpression both TRAM proteins could significantly
improve the tolerance of rice to drought stress. We further demonstrated in rice protoplasts that the TRAMSs could abolish
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misfolded RNA secondary structure and improve translation efficiency, which might explain how TRAMs improve drought tolerance
transgenic rice. Our work supports that ectopic expression of archaeal TRAMs effectively improve drought tolerance in rice.

Keywords: rice, drought stress, RNA chaperon, archaea, TRAM
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SFEHBEAMMAS, P Ui T R 217
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1 MBE5FE

1.1 KFEHEFEBARMEERIEL

£ GenBank {4 2 v 45 Joil 5 O v FR e iy
(M. psychrophilus R15) H1#4 TRAM %4
Mpsy_3066 (AFV25265) Fi Mpsy 0643 (AFV22852)
MRBEERITH, S KRR IR, et
G 005 2w LA T B DU AR TG A N S B
DNA J¥51. 43l iz 740t Spe T Fl Kpn T i
Pz 5 pE B B AT K 844 pCAMBIA2300-Ubil?”
e LR KIZ R R a1 Ubi Bk8h H YRR i ik,
M 2R fir 44 9 pC2300-Mpsy-3066 Fil pC2300-
Mpsy-0643., HL 2 1 T 07 19 A A\ RAT T
AGLL H, FIRARFFEFE 1L H AHE KA (Oryza sativa

L. ssp. japonica c.v. Nipponbare) #5414, F7E
T GA18 I e R A b 0 R A5 3 B A A
AEY . DA B WOt R K A& pCAMBIA2300-Ubi
H Rl B st A% 5 B ORI T i LA B 5 D A
ft, MEARFTEE R AGLL K H A1 5 £F %K F
AR S 0 2 IR AF

12 HERFREKRETE

B SR 14 d BOKRREE M R, ERA PR TR
JEWERE, F CTAB LR BUKFIIL 4] DNA, &1t
19 (F 1) AT A DNA BP0, hRER
LR A R, FBE 2 10 pmol/L . PCR 2 v 3% FH 2xTaq
PCR StarMix with Loading Dye if#|& (A
H])o AR Z4L4E 10 uL 2xTaq PCR StarMix, 1F
6 B S 519045 1opl, 1 ul DNA 2N 7 b
ddH,O0. PCR b 4544 : 95 C 3 min; 95 C 30s,
65 C 30s, 72 °C 30s, 35 f¥H; 72 °C 3 min,

1.3 HEFREHHHPBENERNRIESHT
BeA & 14 d @y KARR I o, EI AR
WS , ] TRNzol 2B & (RARAF]) K
& RNA. RNA K ih S 8% 52k il Maxima H Minus
First Strand cDNA & &7 & (Thermo A #]).
A PCR IR TE (R 1) A7 A JE R 1Y 3% o

*1 s5199F%
Table 1 Sequences of primers
Primer name Primer sequence (5'-3") Annotation

UBI-F: TACGCTATTTATTTGCTTGGTACTG PCR identification
G3066-R CTACGCCACCTCGCCGAACG
G0643-R GGCCACTTCGCCAAACGCGA
RT-3066-F ATGTTCCTGACTATGCGGGC RT-PCR
RT-3066-R GTGTTCGGCACAAAGACGAC
RT-0643-F AGATTACGCTACGCGTACTAGTATG RT-PCR
RT-0643-R GAACTTGCTCATGACCTTGTTCAC
Actin-for CAGTCCAAGAGGGGTATCTTGAC RT-PCR
Actin-rev GGGCGATGTAGGAAAGCTTCTC
TrpL-F AGCTTGCAGATTTCCTGAGCCCGCACCTGATGCGGGCTTTTTTATG TrpL insertion sequence
TrpL-R GATCCATAAAAAAGCCCGCATCAGGTGCGGGCTCAGGAAATCTGCA
163-muGFP-F CTCGTGACCACCTTCACCCTCGGCGTGCAGTGCTTC GFP site mutant
163-muGFP-R AGGGTGAAGGTGGTCACGAGGGTGG
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w11, REESRRE SO AR, fF
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pJIT163-Mpsy-3066 #l pJIT163-Mpsy-0643.
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Fig. 1 Expression levels of TRAM genes in different
transgenic rice lines.
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Fig. 2 Sensitivity of the wild-type and TRAM transgenic rice seedlings to PEG treatment. (A) Growth phenotype of
the wild type and TRAM transgenic rice seedlings grown on 1/2 MS solid medium. (B) The length of the aerial part of
seedlings from (A). (C) Growth phenotype of the wild type and TRAM transgenic rice seedlings grown on 1/2 MS
medium supplied with 25% PEG6000. (D) The length of the aerial part of seedlings from (C). Values are X %s. * P<0.05,

the wild type was used as control.
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Fig. 3 Survival rate of the wild type and TRAM transgenic rice seedlings after dehydration treatment. (A-B) Growth
phenotype of the wild-type and Mpsy_3066 (A), Mpsy_0643 (B) transgenic seedlings after dehydration treatment. (C) Survival
rates of the seedlings from (A). (D) Survival rates of the seedlings from (B). Values are X s. * P<0.05, the wild type was

used as control.
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Fig. 4 Increased tolerance of the TRAM transgenic rice

plants to drought stress.
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Fig. 5 Establishment and verification of an anti-terminating reporter system in rice. (A) Diagram of the reporter
system. (B) Verification of the anti-terminating reporter system in rice protoplast. Bars=100 um.
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Fig. 6 Unwinding of RNA structure by archaeal TRAMs in rice protoplasts. (A) Flow cytometry analyses of
transformed protoplast samples, horizontal axis represents fluorescence intensity, and vertical axis represents cell counts
under different fluorescence intensities. Protoplast transformed with pJIT163-mCherry and pJIT163-GFP Y67L was
used as control, the fluorescence intensity corresponding to 50% of the control peak area was used as the standard
fluorescence intensity. (B) Peak areas of fluorescence intensity in different samples relative to that in the control
samples (set as 50%). Same colors represent the same corresponding samples in Figure 6A and 6B. (C) Fluorescence of
protoplasts transformed with pJIT163-TrpL-mCherry and pJIT163-GFP Y67L observed with a fluorescence microscopy.
(D) Fluorescence of protoplasts transformed with pJIT163-TrpL-mCherry and pJIT163-Mpsy-3066 observed with a
fluorescence microscopy. (E) Fluorescence of protoplasts transformed with pJIT163-TrpL-mCherry and
pJIT163-Mpsy-0643 observed with a fluorescence microscopy. Bars=100 um.
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