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Characteristics and Transcriptome Analysis of High Temperature
Albino Tea Variety Yaoqiu

HUANG Haitao, DING Yi, NIU Xiaojun, ZHAO Yun, YU J izhong*

Tea Research Institute, Hangzhou Academy of Agricultural Sciences, Hangzhou, Zhejiang 310024, China

Abstract: In order to explore the characteristics and molecular regulation mechanism of high temperature albinism of
tea variety Yaoqiu (YQ) and its molecular regulation mechanism, the effects of low temperature albinism on the shoot
with one bud and two leaves of tea variety YQ in spring (YQC), summer (YQX), autumn albinism (YQQ) and autumn
green (YQQL), and Baiye No. 1 (BY 1H) in spring albinism (BY 1HC), their biochemical components, and transcriptome
sequencing were carried out on the new shoots in summer (BY1HX) and autumn (BY1HQ). The results of biochemical
analysis showed that the total free amino acid content and tea polyphenols content of YQQ albino fresh leaves were lower
than those of YQC green fresh leaves, and the difference of total free amino acid content was significant; while the total free
amino acid content of BY 1HC albino fresh leaves was significantly higher than that of BY 1HQ green fresh leaves, and the tea
polyphenols content was significantly lower than that of BY 1HQ green fresh leaves. Cluster analysis revealed that the gene
expression profiles of YQQ albino fresh leaves formed a distinct cluster. The comparison between YQQ and BY 1HQ exhib-
ited the highest number of differentially expressed genes. The new shoot leaves of YQ showed an albino phenotype induced
by high-temperature stress in late summer and early autumn. This stress affected the structure of microtubules, cells, and sub-
cellular components, leading to a reduction in the contents of amino acids and polyphenols. The three functional categories
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exhibiting the most significant gene enrichment were microtubule binding, movement of cellular or subcellular components,
and non-membrane-bound organelles. Similarly, the top three pathways with the highest significance in gene enrichment were
the flavonoid biosynthesis pathway, the starch and sucrose metabolism pathway, and the amino sugar and nucleotide sugar
metabolism pathway. Through gene co-expression network analysis, modules exhibiting high expression levels were identi-
fied. Subsequently, the ten genes demonstrating the highest total connectivity (K value) were selected for further analysis and
annotation. Notably, the functions of genes TGY042732 and the novel gene designated as novel.276 could not be predicted.
These findings would provide a theoretical foundation for understanding the phenomenon of albinism in tea resources under

conditions of elevated temperature.
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FEUR 35 °C, KelPE K 280 nm, #EAEHE 10 pL,
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16 min BFEEIAH A 1 92.0%7% % 85.0%, 16~20 min
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Characteristics of YQ and BY1H

Tab. 1
L
N BoiEgi RN
e HFEHEPE Color of new B FE B

Color of new
shoots in spring

Color of new shoots
from mid summer to
early autumn

Variety shoots in early

summer

SR Bt TS
Color of new
shoots in autumn

Characteristic

YQ Ei 30 3300 gl 2 3E) AR . M 7.8 om. FFFE 3.2 em. MR&E. I
3 - VIS 3 R NN = N o R AN
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Tab. 2 Whitening stage and temperature of YQ
SRR B LR H B e AR R T 35 CHIY AR FLI0 B A RART 30 'C H

Observation year Albinism start date

Date of maximum daily
temperature above 35 C

Date of maximum daily

Albinism end date temperature below 30 C

2020 8A1H 7H12H
2021 7H10H 7HS5SH
2022 7H 10 H 7H3H
2023 8 H 10 H 8HSH

920 H 9H 11 H
8H6H 7H 24 H
9H2H 8H27H
9H4H 8 H29H

A, C: —ZTRHiR; B, D: —ZFHOBAHEE 0t
A, C: New shoots; B, D: The second leaf of new shoots.
E1 BHinaN 1SAEREMNFHEEE
Fig. 1 Shoot color of YQ and BY 1H at different time
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A: HM 1L SHEROEM RS B: BABKEDUNES; C: BAECEAEH T,
A: White leaves turning green in spring in BY 1HC; B: Top shoots turning green in autumn in YQ; C: White leaves
apoptosis in autumn in YQQ.
B2 B l1S&EXREBUMHAEEMBMBMBELTFELT
Fig. 2 BY1HC leaves turn green in late spring and YQQ leaves apoptosis in early autumn
*®3 ENARIEE
Tab. 3 Comparison of biochemical compositions
R KR KMo Ui 18 L R S i WA £ GC/% EGC/%
Sample Water extract content/% TP content/% Total AA content/% Caffeine content/%
YQC 41.71+0.33¢ 13.55+0.35¢ 4.89+0.02° 2.57+0.00° 0.59+0.10°  0.83x0.02¢
YQX 45.89+0.03° 15.36+0.22° 3.82+0.04¢ 2.54+0.03° 1.59+0.09°  2.64+0.21°
YQQ 39.04+0.20° 13.41£0.18° 3.73+0.01¢ 2.1240.03¢ 0.50£0.01°  0.58+0.02°
YQQL 37.87+0.10° 14.84+0.09" 4.41£0.04° 1.94+0.02¢ 0.31£0.01°  0.75£0.04¢
BY1HC 49.08+0.15" 12.06+0.09¢ 5.31+0.08" 3.11+0.00° 1.65£0.00°  2.33+0.10°
BY1HX 49.24+0.03* 15.76+0.04* 3.25+0.01¢ 3.27+0.01* 1.27£0.00°  2.01+0.01°
BY1HQ 43.06+0.01° 14.47+0.13° 3.12+0.01° 1.95+0.01° 1.27+0.03°  1.65£0.04°
FE 5
C/% EGCG/% EC/% GCG/% ECG/% CG/%
Sample
YQC 0.18+0.01° 5.2240.01¢ 0.34+0.00¢ 2.51+0.00° 0.77+0.00°  0.24+0.00°
YQX 0.42+0.11° 6.22+0.01° 1.09+0.13° 2.64+0.28° 1.64+0.14°>  0.43+0.13"
YQQ 0.210.00° 3.24+0.02¢ 0.29+0.01¢ 0.73+0.03" 0.84+0.02°  0.11+0.01°
YQQL 0.15+0.00° 4.77£0.07° 0.33+0.01¢ 0.76+0.16" 0.85+0.01¢  0.09+0.01°
BY1HC 0.59+0.01* 5.02+0.01¢ 1.46%0.02° 1.8620.00¢ 1.38+0.00°  0.294£0.00°
BY1HX 0.53+0.02° 8.37+0.01° 1.19+0.00° 3.16+0.00* 1.92£0.01°  0.58+0.00"
BY1HQ 0.41+0.01° 5.61+0.05° 0.82+0.00° 1.52+0.03° 1.61£0.01°  0.22+0.00°

E: FAIARNG PR ZER B (P<0.05),

Note: Different lowercase letters in same column indicate significant difference (P<0.05).
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Tab.4 Amino acid composition
IR & & Content/%

Amino acid YQC YQQ BYIHC BY1HQ
KE& AR 0.25+£0.01° 0.38+0.02° 0.37+0.00° 0.09+0.01¢
IR R 0.03+0.00 - 0.02+0.00 0.02+0.00
22 R TR 0.11+0.00* 0.06+0.00" 0.13+0.00° 0.07+0.00°
KAl 0.05+0.00 - 0.05+0.00 -

B AR 0.33£0.01° 0.59+0.04" 0.44+0.00° 0.18+0.02¢
B - 0.08+0.00° 0.65+0.01° 0.10+0.00°
R 2.20£0.05° 1.15+0.03¢ 2.47+0.02° 1.66+0.02°
HEY 0.02+0.00 - - 0.01+0.00
H & m 0.01+0.00 - - 0.01+0.00
WA 0.06+0.00" 0.04+0.00° 0.10+0.00° 0.03+0.00"
AR 0.04+0.00 - 0.04+0.00 -

SN - - 0.02+0.00 -

v -BET® 0.01+0.00° 0.010.00° 0.04+0.00° 0.20+0.01°
HA R 0.02+0.00 - - -

1 AR 0.29+0.03° 0.30+0.02° 0.82+0.02° 0.07+0.00°

e FATARFNGFERR 25 B (P<0.05), —RAARKH.

Note: Different lowercase letters in same row indicate significant difference (P<0.05). - indicates not detected.
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Tab. 5 Transcriptome sequencing data quality
. O g
Sample Number of raw Number of clean reads Number of reads on the genome Q30 ratio/%  GC percentage/%
reads (percentage/%) (proportion/%)
YQC3_ 1 47 809 656 47 056 592 (98.4) 40 761 590 (86.62) 91.70 4391
YQC3 2 45531732 45012 482 (98.9) 39 856 326 (88.55) 92.30 44.02
YQC3 3 45153 646 44 572 166 (98.7) 38 794 378 (87.04) 91.83 43.67
BY1HC3 1 46 340 044 45821 166 (98.9) 40 437 081 (88.25) 92.45 43.55
BY1HC3 2 47 036 208 46 570 078 (99.0) 41 134 343 (88.33) 92.44 43.65
BY1HC3 3 45 568 540 45114320 (99.0) 39 529 694 (87.62) 91.69 43.35
YQX3 1 47737 614 47248 972 (99.0) 41 875 021 (88.63) 92.36 44.00
YQX3 2 46 464 074 46 094 356 (99.2) 40 840 242 (88.60) 91.80 43.74
YQX3 3 46 179 544 45764 578 (99.1) 40 520 396 (88.54) 92.15 44.08
BY1HX3 1 48 921 212 48 304 384 (98.7) 43308 202 (89.66) 92.62 44.30
BY1HX3 2 45791 158 45167 186 (98.6) 39 925 265 (88.39) 92.61 44.01
BYIHX3 3 47 029 024 46 407 440 (98.7) 40932 320 (88.2) 92.11 43.70
YQQ3_1 46 266 166 45 650 008 (98.7) 40 463 720 (88.64) 92.22 43.55
YQQ3 2 46 001 426 45534 716 (99.0) 40 718 255 (89.42) 91.95 43.64
YQQ3 3 46 191 546 45708 558 (99.0) 40 598 857 (88.82) 92.37 43.6
BY1HQ3 1 45 753402 45277 448 (99.0) 40 168 038 (88.72) 92.29 43.96
BY1HQ3 2 46 565 816 46 155276 (99.1) 40 993 795 (88.82) 92.09 44.03
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Tab. 6 Core gene analysis

EFID  MEEdE R E RS ERZR R R B FEH T RE A FEH 5%
Gene ID K total Gene chr Gene start Gene end Gene strand Gene length Gene description Gene family
TGY042732  2799.45 GWHASIV 33390556 33397568 — 1195
00000005
TGY109858 2776.93 GWHASIV 90 289 554 90301 362 + 2571 Alkaline/neutral invertase E,
00000013 chloroplastic;
TGY046880 2755.22 GWHASIV 137 642 465 137 652 327 — 3224 CRM-domain containing factor
00000005 CFM3, chloroplastic/mitochon-
drial;
TGY107449 2751.79 GWHASIV 30855426 30881948 + 2182 GTP-binding protein TypA/BipA  GTP_EFTU
00000013 homolog
TGY014623 2739.66 GWHASIV 64 692 443 64 698 129 - 1247 Ribulose-phosphate 3-epimerase,
00000002 chloroplastic;
TGY096457 2734.73 GWHASIV 73083016 73086372 + 1723 Ribulose bisphosphate AAA
00000011 carboxylase/oxygenase activase 1,
chloroplastic;
novel.276 2734.52 GWHASIV 182916 565 182925699 + 849
00000001
TGY123290 2727.31 GWHASIV 53970371 53989 385 + 3334 ATP-dependent Clp protease Clp_N
00000015 ATP-binding subunit ClpA
homolog CD4B, chloroplastic;
TGY050175 2724.96 GWHASIV 212083 578 212 087 229 + 1343 Pyruvate dehydrogenase HATPase_c
00000005 (acetyl-transferring)] kinase,
mitochondrial;
TGY088252 2724.36 GWHASIV 62 857 065 62907 880 - 2643 Uncharacterized aarF ABCI
00000010 domain-containing protein
kinase At4g31390, chloroplastic;
IR, LA R AT AL TR 4

OB AR R I N 4 i i — AP T R A g it 1 A

PLEAT TSR 2%

AWFFEE S N KR T . LA K
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