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Leaf Morphology and Physiological Analysis of Different Parts of

Silver Glandular Poplar

Bl Kai-jie, SUN Yao-guo, ZHANG Jun, YANG Min-sheng

(Hebei Key Laboratory for Tree Genetic Resources and Forest Protection/College of Forestry Science, Agricultural University of Hebei, Baoding 071000)

Abstract: In this study, the morphology, physiology and transcriptome of different types of leaves were measured in adult trees
of Silver Poplar, which provided a reference for revealing the maturation effect. The main results are listed: (1) The leaf morphology at
long branches and short branches was significantly different, and the leaves in different parts overlap to a large extent. (2) The
photosynthetic pigment content in different parts of leaves was significantly different, and the content of chlorophyll a and total
chlorophyll in the lower leaves were significantly higher than those of the upper and middle parts. There were significant differences
in antioxidant enzyme activities among different parts of leaves. The SOD enzyme activity in the lower leaves was significantly higher
than that in the upper and middle parts. The MDA content was manifested as the middle > upper > lower part. (3) The nutrient content
in different parts of leaves was significantly different. The starch content in lower leaves was significantly lower than that in upper and
middle leaves; The 1AA content of the leaves in different parts increased with the decrease of height, and the ABA content was the
middle > the upper part > the lower part; The IAA and IAA/ABA of leaves at the long branches were significantly larger than those of
the short branches, and the ZR content showed an opposite trend. (4) Based on transcriptome data, the number of differentially
expressed genes (DEGS) between leaves in different parts were less than that between different types of leaves. (5) GO and KEGG

enrichment analysis in pairwise comparison showed that the DEGs in upper long branch (SC)-VS-lower long branch (XC) and the
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upper short branch (SD)-VS-lower short branch (XD) were significantly enriched in the photosynthetic pathway. Of them two genes
were annotated both encoding psbR protein and their transcripts in the lower leaves were upregulated. In addition, by analyzing the
genes involving in 1AA transduction process, the upregulation on the gene expression was observed in the leaves of short branches.

Key words: Populus alba>P. glandulosa; Long branches and leaves; Short branches and leaves; Leaf shape; physiological

characteristics ; transcriptome analysis
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Table 1 Description of leaf landmark

bR Hik

Landmark Description

LM1 - P 5 A 3232 5. Connection point between blade and petiole
LM2 W BT Tip of blade

LM3 R RS L REARR M ARAR LM AL Oy 221D

The point on the contour of the blade that can represent the tip of the blade (left)
Lm4 R RS L RE AR ARAR B A (A D



The point on the contour of the blade that can represent the tip of the blade (right)

LM5 R RGBS LR ARER P B B B AL (K L (22D

The endpoint of the blade profile that can represent the widest part of the blade (left)
LMé6 IR b R ARFR I B SE AL A s (R A

The endpoint of the blade profile that can represent the widest part of the blade (right)
LMm7 bR 5 FIAAIIVIE S The sunken point immediately below the mark 5
Lm8 SRS A 6 TIUMIIUIKE 5 The sunken point immediately below the mark 6
LM9 AEAREI BRI o (R 220D, W P 3 58 — AN R 1

The point that represents the shape of the leaf base (left ), the first protruding point at the base of the leaf
LM10 AEARRI BRI R (R AT, W P 58— N R 1
The point that represents the shape of the leaf base (right), the first protruding point at the base of the right
LM11 AR B IAR M . (HER MDD, FERRE R LA 9 2 1)
The point that can represent the shape of the leaf base (left ), between the mark points 1 and 9

Lm12 REARRIM AR (0D, FERRE R 1 A0 10 2 1)

The point that can represent the shape of the leaf base (right ), between the mark points 1 and 10
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Fig.1 Location of the landmark
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Ca=13.95>A665-6.88 A649

Ch=24.96>A649-7.32>A665

C %= (1000%A470-2.05>Ca-114.8>Ch) /245

4% & & & (mg/g)=CVb/S><1000

He, CHNEREEEMNIRE; S M AEEE; VARRRIGIEAR (10mL) 5 b NFREAEE
1.2.4 SOD. POD. CAT BgiE# K MDA &8ME MR FE—J7 [ ERE 6 MAF I T REH & 3
F, BEEET R T ARELT, AR E P IRAE, J5HI3E1T SOD. POD. CAT B VLA MDA & & K€ .
M5E 7B 2GRSO ik, RPN & i CAT &, S FH U DY MR 5 -y o )
SOD & &: KA EEIAREENEM ) POD & & KL H-ZEVEN €M i) MDA & &.
125 BERTRESEMNE MWERIFE—T5m FRE 6 MAFEALEPTIREM & 3 F, P& T 5 84k
WA, BRI, K% Dkt e st R A a8, Fmassl oz ien &8, R
IRl i 2N s LG 7 RORELET 4 25
126 WREHERESENE MWEWE—I7m FRE 6 MAFRGE IR & 3 f, @ iREEHT
YIRS EIE . FREN IR G Rigol L3000 & GRAH (il O FE S BT I E, it
Kromasil C18 (250 mm>4.6 mm, 5 um) SAHGIAE, Wz VPR 1%L K=4:6, HERER 10 L, Wik
0.8 mL/min, A& 35°C, JEFEMS A 40 min, ZEAMG B 254 nm.
1.2.7 BEFREMFDH HBARE[E—J7 ) o i) R AR F 9 A E LA XS L B — 35 KA M A
M, AEANEEERAE 3 v, FEJv 3 IRER, KM IR, BUKRETE, HSERALT EREER R,
DA Ja e e Ly o B P o EEA S LU R AR (1) A RNA SR BRG] G2 BT o i
& RNA, B /5 H NanoPhotometer spectrophotometer F1 Agilent2100 bioanalyzer il RNA fit) 4l 5 Fll 52 54

(2) Fl44 Oligo(dT)MHAER = 42247 polyA R ELIIFA% mRNA Ja, AIE A AL mRNA FTHWr. Fifija U B

A MRNA IR, BEHLSER BN 514, 75 M-MULV ¥ 5% SRR 52 b & i cDNA 55— 4% %%, i 5 i RNaseH
[ RNA %%, JE7E DNA polymerase | &% T, LL dNTPs A JERME R cDNA 55— 2k . 4tk J5 i XU cDNA
S ARIEE . A BIFERNF 3k, F AMPure XP beads i 200bp 7247 (¥ cDNA, 47 PCR ¥ 14Jf
M fEH AMPure XP beads 4fifk PCR =¥y, #% 343 3 . # @4 #) SCEHH NanoPhotometer
spectrophotometer A1 Agilent 2100 bioanalyzer ¥l RNA f4l B Al 52 84k . (3) SCPER K &k S5, A lumina
HiSeq2500 ~F & iEAT M7, FALEHR S S e = &R, 152 clean reads. AH7t5 NCBI A E
PAGFEF AT X Chttps:/Avww.nebi.nlm.nih.gov/genome/98)  (4) FIH] StringTie v1.3.1 #1547 4%
SEARRE, A RSEMIHSIAMREAFIER I RIER, 48R FPKM BRI K. R
DESeq22 i fF 1 146 %% LA 40 0 B 35 25 R IR, Sk MOAR#E N FDR<0.05, Hl|log2FC]>1. (5) M
clusterProfiler (3.4.4) X} ik th k) 22 5 RIS FE K HEAT GO Dt ' 4 KEGG M &80 Hr.  (6) 1R¥E
e M P 8E, A 4 ADNHB P YR E 557 @At TR 5 IAA R ABA 7 KN 2 Rk H, 3L
10 N #EFRIEFL K HE4T RT-gPCR AF (L SC-VS-SD il XC-VS-XD W/ NELi 4 ILH 6 MR REER,
SC-VS-XC WM NA 2 N ERFKIEFEE, SD-VS-XD LLEHNE 2 MEREIEILRD o FIH primer 5.0 #



PRV RN R R R S B, IS LR i 18s ribosomal 3£, /MR ) 514015 UL 2. FIH R
SRR G AR RNA FE5 cDNA, 25T RT-gPCR k5. RT-qgPCRiXZEH 2X M5 HiPer
Realtime PCR Super mix with Low Rox (SYBRgreen,with anti-Taq) &7/, Tt B &S EEMRHERA
Al WG 1 4K 224 10 uL 2X M5 HiPer Realtime PCR Super mix with Low Rox, | Fii#5[4)%% 0.5 uL, 1 pL
cDNA, 8 uLddH,O, %20 pL, &FFEMBEAT 3 IREFEE . PCR KM%k HN: 95 'C 30s, 95 CAH
155, Bk 15 s HRAESIMBGERFEREE) , 72 °C, 30s, 3t 35 AMEH. FIA 222T i 5 5L R A o
K,

1.2.8 BUBSHT A Excel R EUEHATAIE, FIF SPSS 26.0 BA: X & W AR 34T 7 22 0 Wi Al 25 5 B3k
K4, FIF Origin 2019 #AFEATE .

%2 RT-gPCR 3|#I5 8%
Table 2 Primer sequence for RT-gPCR

Treatment Gene ID Forward primer sequence(5 - 3) Reverse primer sequence(5 - 3)
SC-SD/ LOC7472133 ACTACTTACACTGCTTGGTACC CAATATACTGCTGCTGCTGAAG
XC-XD LOC7490982 GACTAGAAATCACAGAGCTAAGGTTGGG TCTTCTTTCGATAGGAACATACTGGTGG
LOC7475739 GACTTGAAATCACAGAGCTAAGGTTGGG CTCTTTGTTTGAACTTTTCGGTCATCGG
LOC7494286 GAAAGGTTTCATAGCGGTATATGTTGGG GAAGTGACATCAAGGAAAGTCTCTTCGT
LOC7472711 AGAAGTATAAGCCATTTGTAAGCAGGTG AATCTTCATACCAAAAATATGCTCATCG
LOC7453841 AAGAGGAGGGATAGGATGTGTTGAGAGT ATGAAAGGCTTGTACTTCTGTGGTTGAT
SC-XC LOC7465052 CAGTAATGAACCTTTACGTGCC GGGTTCTTGTTTCAGACTTCAC
LOC18108586 GAGCTTCGCGTTGTTAAGATAG GAAGAACCTCGTAATGGTGCTA
SD-XD LOC7480000 GAAGTGCAAGAACAGAAGCTAC CTCTCGGAACACAACTAGAGTT
LOC7469610 GTATCCAAGCATTTTAGCCCAG TTCTCAGATGTATTCCTCGCTC

2 RS
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Fig.2 Generalize procrustes analysis of the leaf shape between different positions
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Fig.3 Principal component analysis(PCA) and outline variation of the leaf share between different positions
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Note:The scale bar in the figure is SOpm.
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Fig.4 Blade cross-cutting structure of different positions and types
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Fig.5 The difference of photosynthetic pigment content in different parts and types of leaves

232M RIS KEES M K 6 K1, AFEEALR SOD BEiEEFT MDA & SA71E W3 2 7 H A B A
s, AR ) SOD B 2 i T LA R, AN L A ATAS [ B (K FE A K] MDA
BRI B> A>T, SOD MG PEAE KB AsE b b 2 5 82, AEA R AL T L BUAS ] 22 R
B AR AR AR RIS, AR AR A R IO R B > A



S(_EFHE) Z('11 HP) X(FHR)
40 -
18000 A
aA a aA
35 n g 16000 | aA  aA
30 I 14000 2 I I
= beB cdA = aA
25F  deA I 1 2 12000 -
£ I eB £ 10000 | I
£ 20F E
2 I 2 8000 -
a 15} (=)
2 2 00l
Lor 4000 |
05t 2000 |
0.0 oL T e e 1 NN e e
sC zC XC SO ZD XD sC 7C  XC S ZD XD
800 - 15 )
a.
aA aA
700 aA 1
I 30+ =
aA
L aA
~ 600 25 bA bA
% 500 F o & @ I beA I
;'-:- g 0r I cA
£ 400 | I S I
B, Z s
= L
£ 300 g
= 10+
200 b
100 - 5t
0 ; : ; . : : ; 0 . . : . ; ; :
sC  Z2C  XC SO ZD XD SC  ZC  XC SO zZD XD

7 SCAE EMKH, ZCRRFHKALH, XCRE FHKAH, SD K LMmLrt, zD AR F kM, XD AF FHmErt. A% soD,B
{7 POD,C ft# CAT, D f# MDA,
Note: SC stands for upper long branches, ZC stands for middle long branches, XC stands for lower long branches, SD stands for upper short branches, ZD
stands for middle short branches, and XD represents lower short branches. A stand for SOD,B stand for POD,C stand for CAT, D stand for MDA,

E6 TEBUMEXBEMHFAREKBIENER

Fig.6 The difference of antioxidant enzyme content in different parts and types of leaves
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Fig.7 Differences in nutrient content of different parts and types of leaves
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Fig.8 Difference of endogenous hormone content in different parts and types
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Fig.9 Analysis plot of different comparative groups of different genes.
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Fig.12 Heat map of differentially expressed genes in photosynthesis and during auxin signal transduction
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