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Genome-wide analysis of pseudogenes reveals HBBP1’s human-
specific essentiality in erythropoiesis and implication in B-thalassemia

W, LA, B2y FAY S EFE AR = PL P EE R RNA 5i& i
W E RS = AR, ERANNFERFRESREE, KILPERHAEE (FF) , BTH
ANA TREERENIGE, EEGEBAR ARG E . BT =T “ KB WA FHACHTAT 7 B
R ETEFERYR, T “REWERFAETRT” AR TOEA T KA, 15 S Ak
To BEFTUTT ARG AT . TAHMIIRe M AR Y. SRE 1 H T 77 Sk R R G R R EE 4
AR, a2 4ed 7 ot EAEY = TB, W RNA K EAEEAFRAET4M. MR
Gepw MM TR K DY RE A RPN . SRR AT AR b B, T EA e R AR R R R
M, MERWEEFHAK, TEMPERYSEMERFEWERSFER, U g s
SHREE T ERNERERE (F3L[FE)D 7E Cell Stem Cell. Developmental Cell. EMBO Journal

Cell Research 25 [H Pr# R AT EkF SCLE L 30 &k, #251F 3000 &2k, FRZE &6 2018 4F H 4R

EEE S

The human genome harbors 14,000 duplicated or retroposed pseudogenes. Given their functionality
as regulatory RNAs and low conservation, we hypothesized that pseudogenes could shape human-specific
phenotypes. To test this, we performed co-expression analyses and found that pseudogene exhibited tissue-
specific expression, especially in the bone marrow. By incorporating genetic data, we identified a bone-
marrow-specific duplicated pseudogene, HBBP1 ( 1 -globin), which has been implicated in B -thalassemia.

Extensive functional assays demonstrated that HBBP1 is essential for erythropoiesis by binding the RNA-
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binding protein (RBP), HNRNPAI, to upregulate TALI, a key regulator of erythropoiesis. The HBBP1/
TALI1 interaction contributes to a milder symptom in B -thalassemia patients. Comparative studies further
indicated that the HBBP1/TAL1 interaction is human-specific. Genome-wide analyses showed that
duplicated pseudogenes are often bound by RBPs and less commonly bound by microRNAs compared with
retropseudogenes. Taken together, we not only demonstrate that pseudogenes can drive human evolution

but also provide insights on their functional landscapes.
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Al solutions for single-cell sequencing data analysis

FRERAEmREAR B - EREaR RGO R R, e, PAmglAL, BEX
NHBFEREREREE . T 2006 FAEHERAGRE T HHLIE L2402, 2012 7 7R HL KA 3R
BADYEE AL, BERERIHAE KA N E R LR L. 2015 SEIMATRERSE, EEMNELH
W BRI N TR REA R B 58 AT 7E « 236 2 B A RNA G50 BRI R AN S R BF 9
JFR T 2L RNA S50 moB BT HT R, R TN T e 25 55 RNA Jp 2 22 DR 21 45 4 P i,
KIIFIGTE 75 RNA GRS G50 HARRRAE R . SEI I8 BUL TIT R G A2 N T8 R &
e LBWEE S KK Cell EREFRLELR.

Computational tools for integrative analyses of diverse single-cell experiments are facing formidable
new challenges including dramatic increases in data scale, sample heterogeneity, and the need to
informatively cross-reference new data with foundational datasets. Here, we present SCALEX, a deep-
learning method that integrates single-cell data by projecting cells into a batch-invariant, common cell-
embedding space in a truly online manner (i.e., without retraining the model). SCALEX substantially
outperforms other state-of-the-art integration methods on benchmark single-cell datasets of diverse
modalities, (e.g., SCRNA-seq, scATAC-seq, spatial transcriptomics), especially for datasets with partial
overlaps, accurately aligning similar cell populations while retaining true biological differences. We
showcase SCALEX's advantages by constructing continuously expandable single-cell atlases for human,
mouse, and COVID-19 patients, each assembled from diverse data sources and growing with every
new data. The online data integration capacity and superior performance makes SCALEX particularly

appropriate for large-scale single-cell applications to build-upon previously hard-won scientific insights.
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Design of new metabolic platforms for in vitro diagnostics

ElSE RIS, KILFE, TESRGEAANNFEERGE, mLASm EERE
AFE, WARMI R 2K, B ENHHAR KA M2 A RES TH IR S LE
FNA, BT R RS A RS S RS EOR TR, RO RN T REE. SR B T
Rl oy M AR B AR A . CAE Cell TR R SCTRSL 90 &%, HTFHIASTERK. ki
5 20 RIBATH H ; HEZ KBRS, ENBHERA. FE. WEARRETER; BARY
Hr LT 5, HRIFEORER 20 RIT (2O , SEHXEREVBRRAFLZREN=H
BERi. Bd7 e IT AT A & 1E

Profiling and quantitation of molecules are essential for monitoring the physiological and pathological
process in bio-systems such as single cells, which can lead to the set-up of new biomarkers benchmark.
Despite that mass spectrometry (MS) and fluorescence spectrometry enjoy huge application benefits over
traditional methods, present approaches, urgently need designed materials for signal enhancement and
their mechanism is still to be explored, in order to overcome the major limitations in terms of sensitivity,
selectivity, throughput, accuracy, and practicability for single-cell diagnostics in clinical laboratory. In this
talk, we show our recent progress on the design of MS and fluorescence analysis with practical applications,

in single-cell detection toward large-scale clinical use.
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Single cell cancer system-omics

Andrew Teschendorff obtained his PhD in Theoretical Physics at the University of Cambridge. He
pursued postdoctoral work in Statistical Cancer Genomics & Epigenomics at the University of Cambridge
and University College London, becoming an independent group leader in 2010. Currently, he is a PI at
the CAS Key Lab for Computational Biology in Shanghai and an Honorary Research Fellow at the UCL
Cancer Institute in London. His broad research interest is in Statistical Cancer Epigenomics and Cancer
System-omics. He has published over 150 papers (h-index=75), is an Associate Editor for Genome Biology
and Epigenomics, and a reviewer and statistical advisor for many journals including Nature, NEJM,
Science, Nature Methods, Nature Genetics and Genome Biology. He is the recipient of various academic
awards, including the Tait Medal and Robert Schlapp Prize in Physics, the Jennings Prize, a Cambridge-
MIT Initiative Award, an Isaac Newton Trust Award, a Wellcome Trust VIP Award, a CAS Visiting
Professorship and an international CAS-Royal Society Newton Fellowship. He holds 2 patents on Risk

Prediction in Cancer.

An important emerging challenge in P4 cancer medicine is the identification of preneoplastic cells
that undergo neoplastic transformation. In this talk, I will describe our recent efforts to computationally
dissect the heterogeneity of single-cell RNA-Seq data in terms of cell-states of variable differentiation
potency and stemness. One of these computational methods is based on the concept of diffusion network

entropy, yielding a marker-free systems-biological measure of differentiation potency, which can identify
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both normal and cancer stem cell phenotypes, and which has been extensively validated across 28 scRNA-

Seq studies and over 2 million cells. Application of this tool to scRNA-Seq data from the mammary
epithelium identified bipotent-like cells and a cancer-risk signature conferring poor outcome in basal breast
cancer. More recently, we have developed an algorithm to infer regulatory activity at single-cell resolution,
allowing identification of tumor suppressor events in sSCRNA-Seq data, as well as prospective quantification
of cancer-risk in single-cell preneoplastic cell populations from the human esophagus. In summary, these

computational methods may help the implementation of cancer-risk prediction and prevention strategies.

98





