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Transcriptomics Analysis of Leaf Albino Mutants of Aristaloe aristata

CHEN Hanxin, LIN Yihui, MA Xinyi, LIN Xiufang, HUANG Wanli

Zhangzhou Institute of Agricultural Sciences, Zhangzhou, Fujian 363005, China

Abstract: The purpose of the study is to ascertain the molecular mechanism of the albino mutation of Aristaloe aristata,
screen related functional genes, and provide basis for the breeding. The Illumina HiSeq sequencing platform was used to
carry out transcriptome high-throughput sequencing for normal leaf color seedlings WT, albino mutant Is and ¢j. The
sequencing results were annotated and analyzed. A total of 67.72 Gb clean data was obtained. A total of 122 665 unigene
annotation results were obtained from functional annotation. For the analysis of Unigenes expression, a total of 914
differentially expressed genes (DEGs) in Is were screened out, among them, 453 genes were up-regulated and 461
down-regulated. There were 1851 differentially expressed genes (DEGs) screened in @j, of which up- and
down-regulated genes were 868 and 983, respectively. According to a comparative analysis of GO functional enrichment
and KEGG metabolic pathway, it was found that in the two mutant strains, there were many DEGs enriched in pigment
accumulation, cell wall organization or biogenesis, cell wall, cell periphery, hydrolase activity of hydrolyzing o-glycosyl
compounds, hydrolase activity acting on glycosyl bonds, and biosynthesis pathway of secondary metabolism, while the
DEGs related to photosynthesis were not significantly enriched. In the pathway related to photosynthesis, the expression
of porA and cabl3 were significantly down-regulated in mutant IS, and porA and moda were significantly
down-regulated in mutant gj. The results of real-time reverse transcriptase PCR (qRT-PCR) confirmed the consistency of
the relative expression trend and the transcriptome data of these genes. The expression of the key gene, porA, which was
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down-regulated in both mutants, was assumed to be a key factor in the formation of albino seedlings of A. aristate since
it was found to affect the enzymatic reaction of protochlorophyllin ester to chlorophyllin ester and thereby affecting the
chlorophyll synthesis of the two mutants. Our study explored the transcriptome information of albinism mutation of A.

aristate, screened the key genes with significant expression differences, and would provide an important theoretical

basis for further exploring the molecular mechanism of albinism mutation of A. aristate.
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T 0, AR A I 0 58 70 1Y) i LAY
FERE ) P83 A7 AE , H RTE 7E 48 I ( Arabidopsis
thaliana ) . LK ( Zea mays) . # & ( Litchi
chinensis) . Kk ( Hordeum vulgare ) . /K% ( Oryza
sativa) . 224E ( Cymbidium ssp.) ZEZ Y H
RE A ABIG T Ak e A Y P AE R A
FEEM SR EREL, LGB ZM, ek
KESEARE, BRA RN, S8
RPN LA 2, B R R | AT
J LR AR | 4 3 L IR 98 A8 2 2 g AR
TP R A 2 S EUEMOLA VR SZ BRI Y
W AE ) AR AT, Ca 2 0 3 BES JE A
WG =L b . anit (B R AR AR Y 2 D S AR )
HE B rh SR R F b R A S B
Jor A% B PR B S R AL ) BAR AR A 7
FLLLAE Y I R A2 ok BRI &2 B A fH AU
FE . 2 FS R R A S SO R &
WILESRAE S 3~4 1, 2 E Rl T s
2R, e T HESRMEMASTEME . 7 R W
FACTHHE Y, R AR T RSO
O, R T HUW M EMAETNE. F
w, RAFRHEDAT I AR EARIEATT . 2
1, T & EMEYENEFE (Haworthia cooperi
var. pilifera M. B. Bayer ) I AL RARIR “Fi2z 4"
(M4 “gurdT” ) Sk,

PR A AR R 2 AR W S A R A
Y, WMEZ, Gl 500 MR, AR
MMM, BB (Aristaloe aristata)
PRSP, T8 T2/ N RN, M2,
PRI, FEMDWFE . B SRS A
FEEREER . AET, TATHKEEFENZER
B, AN SE A P TR B R T,

PR AN, BT AR e,
H B S5 iR E A, e B IVERA
Yk ot 38 A I S TR 2 MR AP
BTN R E TR, AR B 251 Ak

AL ALK, AT L B TR R vp P AR
BRMZE AL B S BRAE I B R I R 5
XA TERIE 208 SRS N 3R 5 22 57 Al
e M SR 2L gl A 0 B AR B 1B S AT 2 B 2%
FAC T Y 22 57 RN EE N, SZ AR ST RERE TN, itk
— B TR LT A R AR i RIS A

1 #MRER=E

1.1 #7#l

111 Bt BERAZEIERKR (WT) kA
HiARRR (qj F1 Is) f M T AL B4 5% i 4l
Kiids o sl K IAZh 45 d kAR B
Mg RS N A2 DL RNA $25L, 4
Pt RE 3 A2 EE

1.12 23X A 5ME RNABBGH & 5
SR B Al A S A RARAE LR A PR A
F], Nanodrop 2000 #4366 H Thermo
Fisher Scientific 23 ], LightCycler480 SZHf 2¢ Y iE
it PCR {4 F1 B+ Roche 23], P8 HI4EIGEE
W b i SE 3 kAN A FR A FD

12 Fik

12,1 kb&exsnz RASOLETNE
BRSO 2 Pl AR pR I R rpnt SR AN 8
NEp P FREUEE 2.0 ¢ BFEE, 13k, HC
PEBOK, 2 BITER K 665, 649, 470 nm | il E W
R . AR AKX BT A R4 %E a (Chla) | #f
2% % b (Chlb) FIZEHAE & (Caro) & it : Chla=
13.95%Aggs—6.88%Ags0; Chlb=24.96xAg40—7.32%Agss;
Caro=(1000%A47—2.05xChla—114.8xChlb)/245
122 RNA I BEEMLEERK (WT) &H
R RASR (qj AT 1s) AERRM A 5 RNA $2EUE IR
RNA $BUL 7 & h i 07 k2B B T, il F i 4y
YT ( Nanodrop 2000 ) A6 H:4fi & Fink B
BERFA RN RNA B T80 CokA A& H .
1.2.3 XA MEREFTANF N T T
RERE, AE 3 NEEEEMIRG N 1AV



1768

O AE B F R

%44

i, JFAEHIERE B A3 N ER . [ oligo
(dT)REER M B RNA HE 447 poly(A)H) mRNA,
Bt 5 >R R P A B AR B ML A BE o LA mRNA AR,
25 3 53 IOV S — 4 cDNA FIIEF 4 cDNA,
B Atk ) & alifl oND, i )5 PEAT R s 5
TR FINEk , A cDNA %, £F Illumina
HiSeq TM 4000 /il i V75, LA Pair-end 150 bp
XL R0 cDNA SCEEHEAT /s L
1.2.4  Unigene A 3|69 K 4F 4= £ 13 8 F 547
BAHAARIGTERK (raw reads ) , #F—2 g
JFi¥E 4R 1F clean reads, Fifi)5 1B Trinity R/ AR 4
P Z M EEE S (kmer KN 31 bp, kmer
WEN 6) 4128 PF:45 5] Unigene., F K151
Unigene /¥%)5 Nr. SwissProt, GO, KEGG #
COG Z5 84 PE#EAT BLAST L X404, 55828
SR IR DR 4 2

125 2F kX ARERL5HkE E2MH KA
DESeq2? k4756 [ 2% 5335347, L FDR<0.05
H[log,FCI>1 MhmifE 4722 5 2k SE PR i 4 . L
1 FDR<0.05 H. log,FC>1 [ILH A ik
[H, FDR<0.05 H. log,FC<-1 [J5E A A T i 1A 5

i1 FPKM {H 115 & & Unigenes IR IEF
A5 FPKM=10°xC/(NxL/1000), ifijf BLASTx
TP Ll e-value<le-5 N B {HFE Nr 5(IE JE .
Swiss-prot 2 85 1% . KEGG $i8 1% Al KOG %«
P& FEXT Unigenes WERE . T Nr R, [HH)
Blast2GO # {47 GO R 3 it WEGO
B X Unigenes 2026, GO 5 KEGG & #43#r
& R LT A 58 oF 4T P A T 5B 9 E AT
Bonferroni % 1F, PA g-value<0.05 b i vk H 22
SEFGRILA B E M GO 4 HE pathway .,

1.2.6 DEGs #) qRT-PCR %iE R TaKaRa /A ]
[ PrimeScript’™ W ¥ 512 ) & HEAT 00 A
cDNA, X TaKaRa A HJ SYBR Premix Ex
Taq™ j#4T Real-time PCR, W 4K 98 ‘CHii
AR 2 ming 95 CZAEPE 10s, 60 ‘CiEk 15, 68 C
e 30s, 35 MEH. NSEHE R actin,
FIH Primer 5.0 XFESUFEFRERI Y CDS XI5 145 7
YESIY, SPGB 1. R 24T ki
IR ZEA AR 22 5 L P G A e ak it Fh AR
SRS FPKM {E 156622 i PCR BT %
KT, BUERE SRR TRE DEGs MW HEPE

®1 KHAREASY

Tab. 1 Primers for this study
LK ID B [H 44 B 7B S SIFH (5-3") TR KA
Gene ID Gene name Primer name Primer sequence (5'-3") Tm/C Length/bp
Unigene0029691 porA porA-F GCAGCAGGACTGAACGG 54.5 157
porA-R GGGAGGCGAAGGTGATT 54.8
Unigene0057857 cabl3 cab13-F TGGTGGAAGGGTTCAGGAT 57.0 124
cab13-R TTCAACTCGGCGAAAGTCA 57.3
Unigene0038573 moda moda-F AATGATGATATTCAGGGAACG 543 106
moda-R CACCCAGAAACAAGAAAGTGT 53.7
Unigene0003025 actin actin-F CAGCCGAGCGGGAAAT 57.0 167
actin-R TGGGCAACGGAACCTC 54.4

1.3 4R
fdi 1 Excel 2016 H1 Origin 8.0 #4747 B4 4%
FRFNHIE, R FH Duncan’s #7825 46 5

2 ZBRERW
21 BHAZAULERTHRREEXGRES
EOW

SIERW XL, P R |s AN A
BLESRARTN, IR SRR bR qf AM (P S PR IR
sk, MiEw a2 sisgea (F1) .
XTEER L 3 PRI LA AR ER a.

Mg ER b MBI MRS EWELREN, EW
REARIE T4 R a, MRERE b MIZEIHE MRS
RS T AR AR (Isfilg) o SIEHH
MR AHE, AR ISR TR E a. K b
M E N R EDFEMI 63.8%. 61.8%F
61.1%, RAKME g HHRHAHEEE a. R
b FIZEEHE N R ERNEIR 73.4%. 76.0%F1
53.1% (K&l 2) o
22 HRAHIEHW

ARWFFE ARG F UG B 5 ( raw reads )68.23 Gb,
28 o s ok e AN T R A5 2 REdE ( clean reads )
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Fig. 1 Sample phenotype of normal seedling WT,
albino mutant Is and gj of A. aristata
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RN AL B 2 SR (P<0.001) .
**%* indicate extremely significant difference among
treatments (P<0.001).

2 EFEWT, ALEREKIsT. g XEGERSE
Fig. 2 Photosynthetic pigment content in leaves of normal
seedling WT, albino mutant IS and gj of A. aristata

67.72 Gb, GC &/ T 47.63%~48.25%22[4] , Qo
SERE RS 98%, Q30 FXEMIT 94% (£ 2) .
Zpt %, —IA5 %] 122 665 4% Unigenes, Hfr,
KK R 24 511 bp, HEKE R 201 bp, T34
K J# 2 822 bp, Unigene N50 ¢ Jy 19 100, N50
K& R 1443 bp o A A JE Unigenes 5347 L il i
K ETE 200~500 bp 1Y Unigene (7 55.9%, K J& it
2000 bp 5 9.36%, FIRZEREN], MFLIR R
U, AW s RRBIEK,, W TR ST .
2.3 Unigene ZakEHF SR 122 665
%% Unigenes J7 91 5 AH B P AT LLXF, Horpr,
51 798 %% Unigenes 7 Nr £(#i/% ( non-redundant
protein database ) HARTSIERE, & 42.2%; 35338
2% Unigenes 7£F%! SwissProt (887, 5 28.8%;
30 666 % Unigenes 7£ COG il AR 1371 R,
i 25.0%; 29 046 %% Unigenes 7£ GO £ #i & 3k
RVERE, 5 23.7%; 45 496 %4 Unigene 7E KEGG
BAEPE P IERE, 5 37.1% (K3) .

HF X 21 Nr B0 2 3 91— 20 i, 45251
FKW, B E 5% (Asparagus officinalis) L
fio lb i fe s, o 8822 4%, (5 AT DT fg /7 5 )
7.19% , T RIKK A#EFEE 4 ( Medicago
truncatula, 5.89% ) . F5##i ( Elaeis guineensis,
1.93% ). 74 %( Vitis vinifera, 1.68% ). 7% Phoenix
dactylifera, 1.57% ). 4 #t#%( Rhodamnia argentea,
1.29% ) . £1f} ( Dendrobium catenatum, 1.22% ) .
#AEE (Artemisiaannua, 1.14%) (& 4) .

*2 HERAWFRETM

Tab. 2 Quality assessment of transcriptome sequencing reads

B 44 R AR 0% Ot Ge i
Sample name Raw reads/bp Clean reads/bp GC content/%
WT 7 772 265 800 7 712 110 809 98.23 95.57 48.04
Is 7512078 000 7458 339 174 98.10 94.44 47.74
q 7 458 022 300 7405 241 881 98.19 94.19 47.84

23 ERFIEEEAM GO EENH

L) FDR<0.05 H.[log2FC[>1 J &7 24 %%
RIEH T E ., S5REH (B 5) , SIEREK
WT it AL, P AR kR Is M 914
NZEFFIRIER, Hb 453 A FiFH, 461 N
(WT-vs-Is) ; FIfLT Rk g M H A 1851 4
ZR RN, Hd 868 AN EiE, 983 AR
(WT-vs-qj ) o

h TR R S LT 845 R Y DEGs ¥

KWt ae, B A ALK Is F ) Hh Y DEGs
AT T GO g 400, K 6A FIK 6B
A, Is Al qj B9 DEGs ¥l 5 4 208 Y
( biological process, BP) . 4iffaZH 4> ( cellular
component, CC ) F143FIfiE ( molecular function,
MF) 3 NIIREH . 7eEYidfeh, Is 9 DEGs
BEEEAOEER (pigment accumulation ) |

HAF g EFL R (pigment accumulation in tis-
sues ) i RELH BB A 1) A& 2E( cell wall organization
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Fig. 3 Venn diagram of databases annotation
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Fig. 4 Comparison of sequence matching of A. aristata
with selected plants

or biogenesis ) . &K B 4 K ( developmental
growth ) %¥; qj AY DEGs W i 3 & 47 40 o e 4
A YA i (cell wall organization or biogene-
sis) . PIUEMERIFZ N (response to endogenous
stimulus ) A1, & B4 ( pigment accumulation ) %5
W, A S, Is ) DEGs REE

TEAN L RE ( cell wall ) | 441 ( cell periphery ) |
M /P X 3 ( extracellular region ) %5 ; qj HY DEGs
D) 42 25w AR AE AN B /M B ( cell periphery ) | 4l BE
(cell wall ) FIZMERES 2254 (external encapsu-
lating structure ) o TErFIIREHT, |s W& H HETE
IK i O-WEEEAL A W /K i B 7:( hydrolase activity,
hydrolyzing O-glycosyl compounds ) . 1 - # %
B ) K % B 35 7 ( hydrolase activity, acting on
glycosyl bonds ) FIEH i 513 74 ( enzyme inhibitor
activity ) ; ¢ f DEGs W& 3% & E LKA O-

WL AL & WK i B 15 £ (hydrolase activity, hy-
drolyzing O-glycosyl compounds). 1F T35
B 7K S P (hydrolase activity, acting on gly-
cosyl bonds ) FIE LA JE G PE (oxidoreductase
activity ) .

1000 . 983
O ki
0 TE 868
:éo 750 |
Gy
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WT-vs-Is WT-vs-qj
B5 EEHWT. BHERTH IsFA g B DEGs

B %t

Fig. 5 Numbers of differentially expressed genes (DEGs)
in normal seedling WT compared with albino mutant |s
(WT-vs-Is) and normal seedling compared with
albino mutant gj (WT-vs-qj)
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AHFFENS IS Fl o 19 DEGs 4 31T KEGG &4
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Yy - 35 HAE (plant-pathogen interaction ) . 1R}
¢ ( metabolic pathways ) . MAPK 155 % —
FH% ( MAPK signaling pathway-plant) . —.ifi§4:
Y14 i (diterpenoid biosynthesis ) XK A4
=914 A ( biosynthesis of secondary metabolite )
S (B 7A) 5 T o /) DEGs Wi 25 & SEAE R
WK (ribosome ) . ARIHBEELEM ( fatty acid elonga-
WA Y AEY A W ( biosynthesis of
secondary metabolite ) . K N & 4 ¥ & W&

( phenylpropanoid biosynthesis ) FIZE 5% i A= Y11k

i ( flavonoid biosynthesis ) S5l (K 7B) , 2
AGARK IS o BIFE R AR A A i 22 5 R
RN RE T ENS
25 BE5XGEABEXEEANTGERRIESHT

P porA I Cabl3 Sit4R2 1& k & % AH
K, HAE 2 AR R S S 2B T IR R A

tion ) .
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Fig. 6 GO enrichment analysis on differentially expressed genes (DEGs) between normal seedling
WT and albino mutant |5/qj
A The Most Enriched pathway of DEG (WT-vs-Is) B The Most Enriched pathway of DEG (WT-vs-gj)
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Metabolic pathays - IR
Plant-pathogen interaction Fatty acid elongation - | N
Biosynthesis of secondary metabolites _
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Diterpenoid biosynthesis Flavonoid biosynthesis (- [N
Cutin, suberine and wax biosynthesis |- [N
Biosynthesis of secondary metabolites Biosynthesis of various secondary metabolites-part 2 - [N
Plant-pathogen interaction - - | |
0 2 4 6
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B7 EE®HWTMELHEREKIs, MENXEREK g DEGSH KEGG BE&ES#
Fig. 7 KEGG enrichment analysis on differentially expressed genes (DEGs) between normal
seedling WT and albino mutant |5/qj
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g, 2WEFETIHMIEFEA moda F1 porA (&
8)o G E A EHAHIKMILH porA Fil Cabl3
T 2 SRR Y R B 2 ) TR RGA

W UE S SR AL B T S, R qRT-PCR
X5t R A A A E L porA, cabl3 Hl

moda Kk IEHLHATIUE, F5RERW (B 9)
SIER MR WT AL, B o220k IsFl g (1
porA. cabl3 I moda #Y) K ik¥ W E T, %A
i 5 e sk 4l FPKM {H A9 22 AL 8ol — 2, Ui
P SRR T A

3 Wig

FAL R AL B — RO BUOEVE R AL, VF2 MR AE
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Fig. 8 Comparison of expression levels of photosynthesis related genes in albino mutant IS and albino mutant qj
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Fig. 9 Validation of porA, cabl3 and moda by qRT-PCR
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GEMGEREN ERERRFE R EEE, 1
XA A0 2R B BURH OGS R ) 23818 Bl 3 A & B
IXEEELRTE 2 AR BT 2 B E R R
ik, Hrh 5ita R G i G R BR porA. cabl3
F1 moda 75 F AL 5 B bR S B0 25 RSk, sor 45
fhd8 TR RS B Bk ; 5808 MR
R ff AR DG I TR 9- M X - R AR 2R 8 | AU 48
fiti (nced) RIXBIMEF LKL, XHLEE
RO e 25 1A — 8, PR RN, 2T
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FIKMELH porA, cabl3 Fl moda JyiH-4E %4k
T A L P, X eI 1 8 AR Bl T JH #ak 2
SEMAAE Y R SR G

porA fp i 4% 2 FR IR A AL A R, T AR
YIRS R IR, e ZIE 4% . porA Sl 2
AGAF IR TR IR, porA T HE
S EUF L% F FR IS A M- % 2K R R A B S 7
5w, FEMm 2 NRARMT SR AR, B
DEHEMNZBE RN IR X2 2R 7 25 AL R i %5
BRI, X5 2P SE R A i 2k porA,
por B 5 K fie i 25 32 1 5 I A SR 45 SRARTT 5 o
5% 7 por A-1 751K L, K por A RNAI i R 23 52
B OGS E IR K BE PO RS S Kk
Hr, BRS porA 4 5 S0 9T AR SRR R R Bl
WD, DL RO T T AR ) T I S 2 R R e A 17 ik
B AN por A S DR A S T R IR
AL B TF LR Al S 2 2 e F B PO e R
IR A, sgr S —> Mg LB A,
2 53| R WA AR , sor 7EK R R A
REfRIE a2 oA, D/ IE A i Sk
KRR ZHE a2 &80, R, KR
BERY | ) SRR SRR T need SRR EGE T S
SRIBERR A A ST R, S B YA N T R
HRAE, YT RSO,

AHIFSE LA BR P 25 K H: (A0 5 A8 bk R iFF 98 6
%, WS A TR S5 M A AR
KRR RE LN, RS R AR R 254
BT AR 2 AR IR B nT BB AL B 1 4 AL BE e T
bLie S i
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